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PREFACE 


TO  THE 


FIRST     EDITION. 


Tbw  Work  is  intended  for  the  use  of  all  persona  concerned 
ehber  with  the  navigation  of  ships  or  with  the  determination  of 
latitude  and  longitude  on  shore. 

The  present  volume,  which  is  devoted  exclusively  to  the  prac- 
tice, contains  all  the  rules  and  tables  necessary  in  navigation,  and 
for  the  determination  of  latitude  aud  longitude  by  means  of  the 
sextant  or  reflecting  circle.  The  study  of  its  contents  demands  no 
previous  attainments  beyond  the  knowledge  of  the  elements  of 
arithmetic.  Every  endeavour  has  been  made  to  render  the  whole 
easy  of  reference,  and  to  adapt  it  to  the  use  of  those  who  may 
desire  to  instruct  themselves.  Rules  which  admit  of  more  cases 
than  one,  as,  for  example,  that  for  applying  the  equation  of  equal 
altitudes,  are  given  in  the  form  ot  tables;  so  that  the  several  con- 
ditions involved,  and  their  mutual  connexion,  being  exhibited  to  the 
eye,  the  computer  is  relieved  from  the  sense  of  complication,  and 
the  chance  of  a  mistake  is  materially  diminished.  An  ample  alpha* 
betical  index  is  annexed,  by  which  the  reader  is  at  once  referred  to 
all  the  information  which  the  volume  can  afford  him. 

Those  who  have  been  brought  up  to  the  sea,  and  who  have 
experienced  the  distaste  for  long  calculations  which  that  kind  of 
life  inspires,  will  not  hesitate  to  admit  that  the  only  means  of 
inducing  seamen  generally  to  profit  by  the  numerous  occasions 
which  offer  themselves  for  finding  the  place  of  the  ship  is  extreme 
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brevity  of  solution.  It  is  not,  however,  merely  as  a  concession  to 
indolence,  that  rules  should  be  made  as  easy  and  simple  as  possible; 
the  nature  of  a  sea  life  demands  that  every  exertion  should  be  made 
to  f  bridge  computation,  which  has  often  to  be  conducted  in  circum- 
stances of  danger,  anxiety,  or  fatigue,  and  so  to  separate  the  several 
points,  that  the  seaman  may  be  referred  directly  to  what  concerns 
his  case,  to  the  exclusion  of  all  other  matter.  These  considerations 
have  been  carefully  kept  in  view  in  the  rules,  in  the  examples,  and 
in  the  form  and  order  of  the  tables. 

Two  kinds  of  solutions  are  employed,  and,  in  general,  two  only ; 
namely,  an  approximate  method,  and  a  complete,  or,  as  it  is  called, 
rigorous y  method.  The  former  may  often  serve  in  cases  of  haste, 
or  when  precision  is  not  necessary,  and  will  also  afford  a  conve- 
nient check  against  the  effects  of  a  mistake  in  the  more  elaborate 
method. 

All  the  computations  are  effected  by  the  well-known  methods  of 
inspection  and  logarithms;  and  as  the  former,  it  is  presumed,  leave 
but  little  to  be  desired  in  point  of  expedition,  Gunter's  scale,  or  other 
mechanical  methods,  are  not  employed. 

Sailing  on  a  Great  Circle  is,  in  this  work,  reduced,  like  Plane 
Sailing,  to  Inspection,  by  means  of  the  Spherical  Traversi 
Table. 

Convenient  rules  are  given  for  finding  the  distance  of  the  land 
by  its  change  of  bearing,  and  by  its  altitude  observed  above  the 
sea-horizon. 

The  seaman  will  find  every  necessary  information  on  the  subject 
of  local  magnetic  deviation. 

The  highly  useful  problem  of  determining  the  latitude  at  sea,  by 
the  reduction  of  an  altitude  to  the  meridian,  will  be  found  greatly 
abridged ;  and  a  table  is  added  for  the  purpose  of  shewing  the 
limits  within  which  the  result  may  be  depended  upon  when  the 
time  at  ship  is  in  error.  This  table  will  be  found,  it  is  presumed, 
of  considerable  utility,  as  it  is  perhaps  from  the  want  of  some 
specific  information  as  to  the  degree  of  confidence  which  it  is  safe 
to  place  in  the  result,  no  less  than  of  a  short  and  easy  rule,  that  this 
excellent  observation  is  almost  entirely  neglected;  and,  in  conse- 
quence, the  latitude,  when  the  meridian  altitude  is  not  exactly 
obtained,  is  too  often  lost  for  the  day. 

The  approximate  solution  of  the  double  altitude,  as  a  questioL 
of  Time,  will  be  found,  it  is  hoped,  well  adapted  to  general  use: 
since  unless  the  latitude  by  account  is  very  much  in  error   this 
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oietnod  determines  both  the  true  latitude  and  the  time  at  ship; 
and  the  computation  of  the  time  is  one  with  which  seamen  are 
familiar  in  the  next  degree  to  that  of  the  latitude  by  meridian 
altitude.  The  principle  is  not  new,  but  rules  have  not  hitherto 
been  given  for  computing  directly  the  error  of  the  latitude  by 
account. 

The  first  approximate  method  of  clearing  the  lunar  distance  is 
new,  being  effected,  like  many  other  problems,  by  the  Spherical 
Traverse  Table.  The  rigorous  method  is  a  modification  of  Borda's, 
and  employs  five  logarithms,  of  which  two  only  are  taken  out  to 
seconds. 

In  a  work  in  which  many  of  the  methods  are  new,  I  have  felt  it 
would  be  more  satisfactory  to  the  professional  reader  to  find  them 
illustrated  by  observations  actually  taken  at  sea.  The  examples 
are  accordingly  selected  from  the  journals  of  Captain  W.  F.  W. 
Owen,  who  kindly  lent  them  to  me  for  the  purpose;  though,  neces- 
sarily, in  proceeding  by  fixed  rules,  I  could  not  introduce  the 
solutions  employed  by  that  distinguished  navigator.  The  remaining 
observations  have  been  furnished  to  me  by  the  Rev.  O.  Fisher, 
astronomer  to  Sir  Edward  Parry's  expedition  to  the  Polar  Seas. 

In  order  to  enable  the  computer  to  judge  of  the  degree  of  pre- 
cision to  which  he  attains,  the  degree  of  dependence  to  be  placed  on 
tlie  result,  or  the  limit  of  probable  error,  is  indicated.  This  is  the 
more  important,  as  very  indistinct  and  erroneous  notions  prevail 
among  practical  persons  on  the  subject  of  accuracy  of  computation ; 
and  much  time  is,  in  consequence,  often  lost  in  computing  to  a 
degree  of  precision  wholly  inconsistent  with  that  of  the  elements 
themselves.  The  mere  habit  of  working  invariably  to  a  useless 
precision,  while  it  can  never  advance  the  computer's  knowledge  of 
the  subject,  has  the  unfavourable  tendency  of  deceiving  those  who 
are  not  aware  of  the  true  nature  of  such  questions  into  the  per- 
suasion that  a  result  is  always  as  correct  as  the  computer  chooses 
to  make  it;  and  thus  leads  them  to  place  the  same  confidence  in 
all  observations,  provided  only  they  are  worked  to  the  same  degree 
of  accuracy.  By  habitually  following  the  short  precepts  laid  down 
on  this  point,  the  computer  will  learn  insensibly  to  estimate  the 
value  of  his  results ;  of  which,  since  the  limit  of  error  is  the  sole 
criterion  of  the  accuracy  of  any  determination,  he  cannot  otherwise 
be  a  judge.  The  degree  of  precision  to  which  it  is  proper  to  carry 
the  work  in  any  case  is  observed,  in  general,  in  the  examples. 

In  the  Tables  every  endeavour  has  been  made  to  rep<le<*  the 
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collection  complete  for  the  purposes  required,  and  to  compress  the 
whole  into  small  compass.  For  the  sake  of  clearness,  a  different 
figure  has  been  adopted  for  the  argument  and  for  the  numbers  in 
the  body  of  each  table.  In  the  logarithms  six  places  of  figures 
only  are  employed,  because  a  single  result  in  which  six  places  are 
necessary  cannot  be  depended  upon  to  the  degree  of  precision 
obtained.  On  the  same  principle,  some  of  the  logarithms  are  given 
to  three  places  only. 

The  log.  sine  square  of  half  the  arc,  Table  61,  universally 
familiar  to  seamen  in  finding  the  time,  is  given,  for  the  convenience 
of  this  constant  computation,  to  every  second  of  the  12  hours.  By 
means  of  this  term  tables  of  versed  sines  are  dispensed  with,  all  our 
solutions  being  either  numeral  or  purely  logarithmic. 

I  have  not,  either  in  the  Rules  or  the  Tables,  aimed  to  make 
that  additive  which  is  in  the  nature  of  things  subtractive.  The 
precept  subtract  is  as  easy  as  the  precept  add;  and  when  the 
student  has  the  natural  process  before  him  he  may  be  led  to  dis- 
cover the  reason  of  it;  and  must  thus,  by  attention,  always  advance 
in  knowledge  of  the  subject.  But  an  artificial  process  obstructs  the 
exercise  of  the  faculties,  or  leads  the  student,  who  reflects  on  what 
he  does,  to  false  conclusions. 

The  composition  of  the  Table  of  Maritime  Positions  has  been 
a  very  laborious  task,  and  has  caused  great  delay  in  the  appearance 
of  the  Work.  The  numerous  chronometric  measures  furnished  oi 
late  years  have  rendered  it  necessary  to  deduce  longitudes  in  a  more 
systematic  and  accurate  manner  than  that  hitherto  followed,  which 
has  chiefly  consisted  in  modifying  former  determinations  by  means 
of  those  succeeding  them.  Absolute,  or  astronomical  positions,  and 
relative  positions,  being  distinct  things,  and  the  latter  being  by  far  of 
the  greater  consequence  to  navigation,  it  is  necessary,  preparatory 
to  a  complete  and  final  arrangement,  to  separate  these  two  kinds  of 
determinations.  Accordingly,  in  a  series  of  papers,  some  of  which 
have  been  already  published  in  the  Nautical  Magazine,*  I  have 
endeavoured  to  arrange  the  chronometric  differences  of  longitude 
with  reference  to  certain  fixed  points,  convenient  for  the  purpose, 
which  it  is  proposed  to  call  Secondary  Meridians.     These  standard 

*  The  data  or  evidence  for  the  several  positions  being  given  in  these  papers,  the 
ralue  of  each  determination  is  easily  appreciated  ;  and  accordingly,  individuals  in  pos- 
session of  one  or  more  good  watches  may,  by  correcting  defective  measures,  or  by 
establishing  new  links  of  connexion,  render  material  service  to  maritime  geography. 
See  Nautical  Magazine,  1839,  and  following  years. 
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positions,  of  which  the  number  assumed  is  eighteen,  being  con- 
siderably distant  from  each  other,  are  determined  nearly  enough 
for  present  purposes,  and  would,  according  to  the  system  proposed, 
be  finally  settled  by  long  series  of  astronomical  observations. 

An  account  of  the  principles  adopted  in  this  arrangement,  and 
of  the  several  voyages  and  surveys  from  which  the  materials  have 
been  taken,  will  be  found,  together  with  some  suggestions  for  the 
advancement  of  the  subject,  in  the  Nautical  Magazine.  But  it  is 
necessary  to  state  here,  that  the  late  determinations  of  the  longitude 
of  Madras  have,  from  the  importance  of  that  position,  occasioned  a 
long  and  intricate  discussion.  Mr.  Riddle  and  Mr.  Maclear  have 
compared  observations  of  moon  culminating  stars  made  at  Madras, 
with  like  observations  made  in  Great  Britain  and  at  the  Cape  of 
Good  Hope  respectively.  According  to  their  computations,  which 
agree  very  nearly,  the  received  longitude,  80^  17#  21",  is  about  3'  21" 
too  great.  The  number  and  superior  character  of  these  observa- 
tions, and  the  agreement  of  the  results,  have  led  me  to  adopt,  with- 
out hesitation,  80?  14'  0" ;  while  the  magnitude  of  the  correction  has 
rendered  it  indispensable  to  trace  its  effects  on  the  longitudes  of  the 
Eastern  Seas.* 

Precision  in  the  Maritime  Positions,  especially  in  the  longitudes, 
becomes,  as  navigation  advances  to  perfection,  a  matter  of  increasing 
importance;  because,  where  longitudes  are  well  determined,  the 
error  of  a  chronometer  may  be  ascertained  on  every  occasion  of 
making  the  land. 

It  will  not  be  out  of  place  to  remark  here  that  it  is  high  time  the 
chronometer  should  be  found,  like  the  compass,  among  the  stores  of 
every  vessel  beyond  a  mere  coaster.  It  would  be  superfluous  to 
attempt  to  prove  that  the  hardships  and  privations  consequent  on 
missing  a  port,  the  losses  of  ships  from  being  out  in  their  reckonings, 
and  the  evils  incident  to  navigation  generally  from  the  want  of  a 
ready  means  of  checking  the  enormous  errors  to  which  the  dead 
reckoning  is  liable,  would,  in  many  cases,  have  been  prevented  by 
a  chronometer. 

In  urging  this  recommendation,  it  is,  of  course,  taken  for  granted 
that  they  to  whose  hands  the  chronometer  is  entrusted  are  qualified 
to  make  a  proper  use  of  it.  Employed  merely  as  a  check,  a  single 
chronometer  cannot  fail  to  prove  of  great  service ;  but  too  firm  a 
reliance  on  such  an  instrument  would  lead  to  the  dangerous  error 

*  The  accepted  Longitude  of  Madras,  India  Trigonometrical  Surrey,  1878  (eeo 
page  m),  is  So?  14'  51 '  £ 
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uf  relaxing  that  vigilance  which  the  known  uncertainty  of  the  dead 
reckoning  keeps  perpetually  alive. 

A  list  of  times  of  high  water,  or,  as  they  are  now  called,  Esta- 
blishments of  Ports,  is  not  given.  The  researches  on  the  tides 
made  of  late  years  by  Mr.  Lubbock  and  the  Rev.  W.  Whewell, 
have  proved  that  the  establishment  cannot  be  truly  deduced  but 
from  numerous  observations,  and  consequently  that  a  simple  recorded 
time  of  high  water  is  altogether  insufficient.  Moreover,  if  the  esta- 
blishment were  correctly  known,  the  time  of  high  water,  as  also  the 
height  of  the  tide,  cannot  be  determined  without  other  elements, 
which,  except  in  comparatively  few  places,  are  not  afforded.  But 
in  navigation  it  is  not  the  true  instant  of  high  or  low  water  that  is 
required  so  much  as  the  time  at  which  the  flood  or  ebb  stream  turns, 
oecause  this  last  affects  every  vessel  when  near  the  shore ;  and  the 
proper  place  for  information  of  this  kind  is,  obviously,  the  Sailing 
Directions. 

Although  some  results  of  the  kind  might  be  advantageously 
placed  in  a  general  work  on  navigation,  yet  the  uncertainty  of 
almost  all  that  has  been  published,  and  the  difficulty  of  collecting 
better  materials,  will,  it  is  hoped,  excuse  the  omission,  at  least  for 
the  present. 

It  may,  however,  be  remarked,  that  under  whatever  form  it  maj 
hereafter  be  found  advisable  to  publish  particulars  of  the  tides,  the 
observations  required  are  so  numerous,  the  discussions  so  tedious, 
and  the  whole  subject  so  complicated,  that  no  individual  could 
undertake  successfully  to  treat  this  branch  of  navigation  unless  in 
a  work  devoted  exclusively  to  its  consideration. 

The  subject  of  Maritime  Surveying,  usually  treated  in  works  of 
this  kind,  has  been  omitted.  Surveying  is  no  part  of  the  navigation 
of  a  ship,  and  a  survey  having  any  pretensions  to  authority  can 
scarcely  be  made  by  a  person  whose  qualifications  for  the  task  are 
confined  to  the  slender  information  contained  in  a  few  pages.  A 
survey  is  a  matter  of  too  great  consequence  to  the  security  of  navi- 
gation to  be  received  from  incompetent  hands ;  and  the  seaman  who 
desires  to  acquire  a  knowledge  of  surveying  should  study  works 
treating  expressly  of  this  branch  of  science. 

The  customary  chapter  on  the  Winds  has  likewise  been  omitted. 
The  subject,  generally,  does  not  belong  to  the  navigation  of  a  ship; 
and,  even  if  it  did,  the  general  information  contained  in  a  few 
page*,  though   interesting  as  a  branch  of  natural  philosophy,  is 
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necessarily  too  vague  to  be  effective  in  shaping  the  coarse.  The 
tanie  applies  to  Currents,  and  also  to  the  Marine  Barometer; 
which,  though  matters  of  important  consideration  in  sea-voyages, 
are  not  concerned  in  the  practice  of  navigation,  since  this  term,  in 
strictness,  comprehends  only  the  consideration  of  the  place  of  the 
*hip  when  her  circumstances  and  destination  are  given. 

The  space  gained  by  the  omission  of  these  collateral  subjects, 
and  other  matters  sometimes  introduced,  is  appropriated  to  the 
numerous  practical  details  of  the  proper  subjects  of  such  a  treatise. 

The  Work  will  be  completed  by  another  volume,  which  will  be 
entitled  the  Theory  op  Navigation,  and  will  contain  the  construc- 
tion of  the  rules  and  tables,  for  the  advantage  of  those  who  desire 
to  confirm  their  practical  knowledge  by  mathematical  investigation. 
It  will  contain,  likewise,  those  methods  in  which  the  transit  and 
azimuth  instruments  are  employed.  The  present  volume  being  thus, 
in  the  ordinary  practice  of  navigation,  independent  of  the  second,  no 
notice  of  another  volume  appears  in  the  title-page. 

By  the  term  Theory  is  commonly  understood,  in  this  particular 
subject  at  least,  the  scientific  principles  on  which  the  rules  are 
formed.  Considerations  of  this  kind  are  thus  altogether  excluded 
from  the  present  volume ;  but,  on  the  other  hand,  that  rationale,  or 
process  of  reasoniug,  which,  in  considering  the  nature  of  the  case,  is 
obvious  to  common  sense  or  apprehension,  is,  in  roost  cases,  intro- 
duced, as  necessary  to  a  clear  understanding  of  important  points. 

The  theory  and  the  practice  are  thus  kept  purposely  distinct. 
The  former  is  not  always  necessary  to  successful  practice ;  and  rules 
constructed  for  ready  and  general  application  approach  to  perfec- 
tion in  proportion  as  they  leave  less  to  individual  judgment  or  skill. 
It  is  the  custom,  generally,  to  teach  the  theory  first ;  the  impression 
forced  upon  me  is,  on  the  contrary,  that  the  practice  is  itself  the 
best  foundation  for  sound  and  rapid  advancement  in  the  theory. 
For  he  who  has  acquired  the  practice  knows  the  nature  and  extent 
of  the.  subject;  and  in  proceeding  to  the  theory  he  has  a  distinct 
perception  of  the  object  to  be  attained.  This  is  not  the  place  for  a 
discussion  on  these  points ;  but  it  was  incumbent  on  me  to  state,  in 
a  few  words,  the  grounds  of  the  arrangement  adopted. 

It  is  manifestly  the  duty  of  a  writer,  who  undertakes  to  treat  a 
subject  in  a  thoroughly  practical  manner,  not  only  to  discuss  every 
point  which  presents  itself,  but  also  to  pronounce  a  decided  opinion 
in  every  case.     It  is  proper  to  bring  this  point  under  the  notice  of 
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the  reader,  who,  especially  if  he  has  more  experience  in  these  matter* 
than  myself,  might  otherwise  be  disposed  to  consider  many  things 
In  this  volume  as  laid  down  too  positively. 

I  cannot  close  the  preface  to  a  work  which  has  been  some  years 
in  preparation,  and  in  which  I  have  endeavoured  to  reduce  to  a 
practical  form  every  useful  consideration  which  has  been  suggested 
by  my  own  experience  or  by  intercourse  with  eminent  officers  and 
men  of  science,  without  soliciting  the  indulgence  of  the  reader  to 
errors  and  to  deficiencies.  Absolute  correctness,  especially  in  tables, 
is  scarcely  attainable ;  and  in  a  treatise  which  contains  much  that 
has  not  appeared  before,  I  cannot  reasonably  flatter  myself  that, 
notwithstanding  every  care  and  attention,  some  small  inaccuracies 
may  not  be  found. 

H.  B 

SeptcmUr  IMO 
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In  the  Advertisement  to  the  Second  Edition  I  had  the  satisfaction 
of  being  able  to  state  that  the  Royal  Geographical  Society  had 
conferred  the  flattering  distinction  of  their  gold  medal  on  the 
first  edition,  and  that  the  Lords  Commissioners  of  the  Admiralty 
had  honoured  my  work  by  ordering  it  to  be  supplied  to  Her 
Majesty's  Navy  as  ship's  stores. 

The  present  edition  has  been  greatly  augmented.  Much  of 
the  work  has  been  rewritten.  Two  approximate  methods  of 
determining  the  time,  though  of  inferior  value,  are  introduced, 
since  a  work  aiming  to  be  complete  for  practice  should  contain 
provision  for  extreme  cases.    Nos.  789,  791. 

The  introductory  portion,  it  had  often  been  suggested,  was  in- 
sufficient for  the  purposes  of  elementary  instruction.  It  is  easier 
to  allege  this,  than  to  lay  down  a  condition  which  is  to  determine 
the  extent  of  such  preliminary  matter.  An  attempt,  however, 
has  been  made  to  fix  a  limit,  on  the  following  grounds : — 

The  most  general  defect,  perhaps,  in  the  education  of  seamen, 
as  regards  the  present  subject,  is  an  insufficient  knowledge  of 
arithmetic ;  by  which  I  mean,  not  of  the  more  advanced  rules, 
but  of  the  elements,  and  especially  of  proportion.  Now  all  ques- 
tions to  which  arithmetical  processes  are  applied  involve  some 
proportion,  which  the  operation  is  to  bring  out,  or  distinctly 
assign;  and  it  appears,  accordingly,  a  great  omission  in  our 
education  that  we  are  not  more  exercised  on  this  point,  which  is 
the  sole  object  or  end  of  the  processes  which  we  learn  to  practise 
mechanically 
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Again,  in  geometry,  it  is  not  the  variety  of  problems  which 
benefits  the  practical  mail,  but  a  >*  ell -grounded  and  familiar  know- 
ledge of  a  few  comprehensive  propositions,  which  he  applies  readily, 
and  with  confidence;  and  the  geometrical  knowledge  which  appears 
to  me  to  suffice  to  our  present  purpose  is  comprised  in, — 1,  the 
property  of  the  square  of  the  hypothenuse ;  2,  the  measure  of  an 
angle  at  the  circumference ;  3,  the  similarity  of  plane  triangles.  The 
first  is  of  general  importance ;  the  second  includes  the  problem  of 
fixing  a  station  by  means  of  two  angles  subtended  by  three  objects ; 
and  the  third  is  the  basis  of  trigonometry. 

In  this  edition,  therefore,  proportions  and  fractions  are  treated 
at  some  length,  and  illustrated  by  numerous  examples  which  afford 
the  student  abundant  exercise ;  and  a  short  course  of  geometry 
is  given,  after  the  manner  of  Euclid,  sufficient  to  establish  the 
above  important  theorems. 

These  limitations,  the  reader  will  bear  in  mind,  are  intended  to 
apply  only  to  that  particular  quantity  of  elementary  matter  which 
is  assumed  to  be  necessary  and  sufficient  for  the  scale  of  attain- 
ment contemplated  in  the  present  volume. 

In  the  Table  of  Positions  many  points  of  information  of  con- 
sequence to  seamen  are  expressed  by  means  of  a  new  system  of 
Symbols.  In  these  days  little  apology  is  required  for  introducing 
a  scheme  which  a  few  years  ago  would  have  been  deemed  a  rash 
innovation.  But  a  growing  tendency  to  the  use  of  symbols  mani- 
fests itself  on  all  sides.  Efforts  have  been  made  to  represent,  as 
far  as  possible,  all  matters  of  instruction  under  a  form  addressed 
to  the  eye;*  and  symbols  effect  this  object  in  an  eminent  degree, 
for  their  distinct  and  conspicuous  forms,  contrasting  with  the  mono* 
tonous  aspect  of  alphabetic  writing,  arrest  and  fix  the  attention, 
while  their  extreme  conciseness  admits  the  insertion  of  matters  to 
which,  for  want  of  room,  no  allusion  could  otherwise  be  made. 

The  employment  of  symbols,  therefore,  on  a  more  extensive 
scale  than  we  have  yet  been  used  to,  and  that  at  no  distant  period, 
may  be  considered  inevitable ;  and  the  present  system,  which  has 
occupied  my  attention  for  several  years,  is  proposed  as  so  far 
deserving  consideration  that  it  is  constructed  with  rigid  adherence 
to  principles,  t    The  number  of  signs  which  I  have  ventured  to 

•  The  Physical  Atlas  la  an  example. 

t  The  necessity  for  a  uniformity  in  hydrographic  symbols  has  already  shewn  itself. 
Symbols  similar  in  character  denote,  on  the  French  charts,  rocks  aboot  the  tetter,  and 
on  the  Russian  charts  rocks  below  the  water. 
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introduce  is  small,  since,  in  matters  waiting  the  sanction  of  experi- 
ence, it  is  better  to  move  too  slow  than  too  fast. 

The  introduction  of  symbols  has  necessarily  modified  the  original 
design  of  the  work,  as  described  in  the  preface,  and  has  justified  allu- 
sion to  many  matters  which  otherwise  would  not  have  found  a  place 
■n  it. 

The  chief  labour  of  this  edition  tas,  indeed,  of  the  two  former) 
has  been  the  Table  of  Positions,  which,  in  consequence  of  the  nu- 
merous references  made  to  my  labours  in  this  country  and  abroad, 
I  was  desirous  to  extend.  The  list  now  contains  8,800  places;  and 
as  the  degree  of  accuracy  is  indicated  wherever  I  have  found  the 
means  of  forming  a  judgment,  and  as  many  physical  details  arc 
supplied, — such  as  the  dimensions  of  islands,  heights,  and  the  depths 
of  shoals, —  the  table  may  be  considered  as  representing  the  state 
of  maritime  geography  at  this  day.  The  number  of  voyages, 
charts,  and  surveys,  which  it  has  been  necessary  to  consult,  —  the 
labour  of  digesting  and  comparing  the  mass  of  materials  collected, 
and  the  introduction,  by  a  new  method,  of  numerous  details  im- 
portant to  navigation, — will,  it  is  hoped,  excuse  the  long  delay  in 
the  appearance  of  this  edition,  and  account  for  the  work  having 
remained  out  of  print  for  nearly  three  years. 

In  conclusion,  I  gladly  express  my  obligation  to  the  draftsmen 
and  other  gentlemen  of  the  Hydrographic  Office,  whose  patience 
during  many  years  I  have  sorely  taxed  in  the  inspection  and  re- 
examination of  thousands  of  documents,  and  without  whose  active 
and  disinterested  assistance  I  must  have  left  much  in  a  very  unsa- 
tisfactory state. 


ADVERTISEMENT 


TO 


THE    NINETEENTH    EDITION 


Tfli  rerision  and  enlargement  of  this  edition  of  the  "Practice  of 
Navigation  and  Nautical  Astronomy  "  was  undertaken  with  con- 
siderable diffidence,  it  being  felt,  that  while  it  was  possible  to 
spoil,  little  could  be  done  to  improve,  this  best  of  practical  works 
on  Navigation  at  Sea. 

Compiled  in  the  golden  age  of  practical  Navigation  and 
Nautical  Surveying  by  an  officer  in  constant  communication  with 
Beaufort  and  Horsburgh,  and  the  Captains  and  Masters  who 
served  under  these  distinguished  chiefs  in  England  and  India, 
Lieutenant  Sapor's  labours  are  founded  upon  a  thorough  practical 
experience,  and  may  be  looked  upon  as  the  work  of  a  Sailor  for 
the  use  and  benefit  of  Sailors  at  Sea. 

One  chapter  alone  required  to  be  re-written.  The  use  of  iron 
in  modern  shipbuilding,  by  its  natural  effect  on  the  Mariner's 
Compass,  having  greatly  increased  the  difficulties  of  navigation 
at  sea,  some  additions  have  therefore  been  made  to  what  Baper 
had  already  written  upon  this  important  subject.  This  chapter, 
as  well  as  all  parts  of  the  book  referring  to  the  variation  and 
deviation  of  the  compass,  has  been  re*  written  by  Captain  W.  Mayes, 
B.N.,  late  Superintendent  of  Compasses  at  the  Admiralty. 

Captain  Mayes  has  also  assisted  in  making  a  careful  examina- 
tion of  the  whole  work,  which  is  sufficient  guarantee  for  its  having 
been  thoroughly  done. 

This  scrutiny  showed  how  well  and  earnestly  Baper  had  carried 
out  the  intention  expressed  in  the  Preface  to  his  First  Edition  * 
(see  p.  v)  of u  inducing  seamen  to  profit  by  the  numerous  occasions 

*  Sailon  are  earnestly  requested  to  read  the  Prelaoe  to  the  Pint  Btaftou. 
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which  offer  themselves  for  finding  the  place  of  the  ship  ; "  by  laying 
before  them  methods  whose  u  extreme  brevity  of  solution  abridged 
computation."  These  short  rules  aid  the  prompt  decision  upon 
which  the  safety  and  success  of  a  ship  at  sea  so  often  depend. 
A  brief  study  of  the  comprehensive  index  will  call  attention  to 
"  the  numerous  occasions  "  alluded  to. 

The  key  to  most  of  the  modern  short  methods  for  fixing  the 
position  of  the  ship  will  be  found  in  Raper's  "  Practice  of  Navi- 
gation." 

Under  the  head  of  "  Degree  of  Dependanoe  "  is  placed  before 
the  navigator  the  amount  of  possible  error,  a  thought  which  should 
never  be  absent  from  his  mind  in  considering  the  estimated  position 
of  a  ship,  with  the  view  of  determining  his  future  proceedings. 

The  sailor's  attention  is  earnestly  called  to  the  chapter  entitled 
"  Navigating  the  Ship/'  which  contains  what  John  Davis,  the 
navigator,  writing  in  1607,  aptly  termed  the  "  Seaman's  Secrets." 

In  this,  the  concluding  chapter  of  the  work,  Raper  shows 
dearly  the  never  ceasing  watchfulness  that  is  required,  in  both  fair 
and  foul  weather,  in  obtaining  the  observations,  terrestrial  as 
well  as  celestial,  necessary  to  conduct  a  vessel  in  safety  from  one 
port  to  another. 

The  simplicity  of  its  mathematical  theory  makes  Navigation 
appear  an  easy  matter  to  men  teaching  or  using  it  on  shore  ;  but 
Pilotage,  common  and  proper,  is  a  very  different  business  when 
practised  by  sailors  in  a  gale  of  wind,  at  night,  or  in  hazy  weather, 
on  board  a  ship  at  sea.  Proficiency  in  the  science  can  never 
compensate  for  a  lack  of  experience  in  the  handicraft  of  naviga- 
tion. This  experience  can  be  attained  only  by  incessant  practice 
at  sea ;  by  a  capacity  for  taking  trouble,  unceasing  caution,  and 
a  desire  to  do  well. 

In  such  labours  the  sailor  will  find  no  better  friend  and 
assistant  than  Raper's  "  Practice  of  Navigation." 

No  changes  in  the  numbering  of  the  paragraphs  have  been 
made,  and  great  care  has  been  taken  to  leave  the  book  in  the 
style  in  which  it  was  originally  written,  so  that  old  students  will 
have  no  difficulty  in  finding  the  various  methods  with  which  they 
are  familiar. 

Some  slight  changes  have  been  made  in  the  Tables.  Con- 
sidering the  great  increase  of  speed  attained  by  modern  steam- 
ships, Table  1,  formerly  Table  2,  has  been  enlarged  from  300 
to  600  miles  of  distance.  The  Table  giving  the  Diff.  lat.  and 
Departure  for  every  quarter  point  has  been  withdrawn. 
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Table  10,  of  Maritime  Positions,  upon  which  Raper  bestowed 
a  very  large  amount  of  labour,  has  been  revised  with  great 
care  from  the  latest  Admiralty  Charts,  so  that  it  may  still  "  be 
considered  as  representing  the  maritime  geography  of  this  day  " 
(see  p.  xt).  Theso  positions  mainly  depend  on  the  Table  of 
Longitudes  accepted  for  Secondary  Meridians,  amended  from 
telegraphic  observations  to  1887,  published  in  the  Admiralty 
"  Instructions  to  Hydrographic  Surveyors."  This  Table  of 
Secondary  Meridians  has  been  inserted  in  the  Explanation  of 
Table  10. 

Steam  having  in  a  great  measure  rendered  Table  12  obsolete, 
it  has  been  replaced  by  a  Table  of  the  navigable  Mercatorial  Dis- 
tances between  the  principal  ports  and  points  of  the  world. 

Tables  11  and  13  (Approximate  Variation  of  the  Compass, 
and  Tide-hours,  or  Establishment  of  the  Ports)  have  been  taken 
out,  as  the  Admiralty  Charts,  and  Admiralty  and  Indian  Tide 
Tables,  published  yearly;  with  the  Chart  of  Curves  of  Equal 
Magnetic  Variation  (No.  2598),  corrected  up  to  date;  always 
give  the  latest  information.  These  tables  have  been  replaced 
by  others  showing  first:  where  docks  Ac.  may  be  found  and 
coals  obtained ;  and  second,  the  position  and  nature  of  the  Time 
signals,  in  all  parts  of  the  world,  for  the  correction  and  rating 
of  chronometers. 

Table  65,  of  natural  sines,  tangents,  &c.,  to  assist  magnetic 
computations,  has  been  inserted  in  lieu  of  that  of  log.  sines, 
tangents,  &c.,  to  quarter  points. 

With  these  few  exceptions  the  Tables  retain  the  same  numbers 
they  held  in  former  editions. 

In  conclusion,  thanks  are  due  to  Captain  John  C.  Almond, 
Nautical  Inspector  of  the  P.  and  0.  Company,  for  his  many 
valuable  suggestions. 

THOMAS  A.  HULL. 

yiupi,  Honor  Oak: 

December  21,  1800. 
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In  this  reprint  of  the  Nineteenth  Edition,  the  Son's  declination,  the  Sidereal  Time,  and 
the  Sanation  of  Time  have  been  given  for  the  years  1901, 1902, 1908  and  1904,  in  Tables  60 
61,  and  63.    Table  60a,  correction  of  Son's  declination  in  Table  60  to  1928,  has  been  restored' 


Tables  10, 12,  and  18  have  been  brought  op  to  date.  Table  88{  Corrections  of  Altitudes  of 
Son  and  Stars,  has  been  extended,  and  the  gross  corrections  are  raven  for  '  Height  of  the  eve ' 
up  to  60  feet.    Table  47,  Limits  of  the  Redaction  to  the  Meridian  at  Sea,  has  been  recast. 


Table  70,  Logarithms  for  computing  the  Reduction  to  the  Meridian  at  Sea,  has  been  extended 
to  85°  of  declination.    Tables  41  and  52  have  also  been  recast. 
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INTRODUCTION. 


f.  Reactions.  II.  Proportion.  III.  Logarithms.  IV.  Prac- 
tical Geometry.  V.  Raising  the  Trigonometrical  Canojt. 
VL  Methods  of  Solution. 

1.  Vulgar  Fractions* 

1.  A  number  which  is  a  portion  of  1,  or  unity,  is  properly 
called  a  fraction ;  thus,  if  we  divide  a  foot  into  8  equal  parts,  each 
of  such  parts  is  the  fraction  called  a  third,  and  written  £• 

These  numbers  arise,  in  arithmetical  operations,  in  division, 
when  the  dividend  is  not  divisible  by  the  divisor  in  whole  numbers, 
or,  as  they  are  called,  integers;  thus,  if  we  divide  10  feet  into 
8  equal  parts,  each  will  measure  3  ft.  and  one-third,  or  10  divided 
by  3  gives  the  quotient  8,  and  1  over — that  is,  1  not  divided  like 
the  rest ;  but  proceeding  now  to  divide  this  1  by  3,  we  call  the 
result  or  quotient  £ ;  that  is,  1  divided  by  3. 

2.  If  we  divide  1  into  four  equal  parts,  each  is  one-fourth, 
written  ± ;  if  into  5  equal  parts,  each  is  one-fifth,  written  £;  thus, 
the  name  of  the  fraction  is  that  of  the  number  of  parts  into  which 
the  unity  or  entire  quantity  is  divided ;  and  this  number  is  hence 
called  the  denominator  of  the  fraction. 

3.  If  we  take  two  of  three  equal  parts  of  subdivision,  or  two* 
thirds,  we  write  { ;  if  we  take  three  of  four  equal  subdivisions,  we 
write  }  ;  if  we  take  three  of  seven  equal  subdivisions,  we  write  * ; 
and  so  on :  the  number  2,  3,  in  these  examples,  which  shews  or 
enumerates  the  number  of  fractional  parts  taken,  is  hence  called 
the  numerator. 

The  term  fraction  is  thus  used  to  denote  not  only  one  part  or 
subdivision,  but  any  number  of  such. 

4.  In  enumerating  fractional  parts  we  may  go  on,  for  example, 
h  h  h  fa  fa  fa  h  *°*  Here  £  represents  the  whole,  or  entire 
quantity,  since  it  enumerates  as  many  parts  as  the  whole  is  divided 
into;  the  fractions  (so  called)  beyond  this,  as  $,  j-,  are  all  greater 
than  1,  and  are  termed  mixed  or  improper  fractions. 

5.  The  fractions  to  the  left  of  £  are  less  than  1,  and  are  proper 
fractions ;  hence,  when  the  numerator  is  less  than  the  denominator, 
the  fraction  is  less  than  1 ;  when  equal,  the  fraction  represents  1 ; 
and  when  greater,  it  is  greater  than  1,  and  is  capable  of  being 
resolved  into  a  whole  number  witl  or  without  a  fraction. 
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Hence  also,  the  greater  the  denominator  the  sinaLer  the  fra/rtam, 
and  the  smaller  the  denominator  the  larger  the  fraction. 

6.  If  we  take  a  line  AB,  and  divide  it  into  3  equal  parts  by  the 
points  k,  l;  and  another  line  BC  equal  to  it,  and  divided  similarly 
at  m,  n,  then  Al  is  f  of  AB,  or  of  L 


Then  the  parts  being  all  equal,  Ak  and  kl,  are  equal  to  lB  and 
Bm,  and  these  to  mm  and  nC;  therefore  Ak  and  kl  are  \  of  AC,  that 
n,  of  2.  Hence  Al  is  |  of  1,  and  *  of  2;  or,  £  of  2,  and  |  of  1  are 
the  same  thing.  If  AB  is  1  yard,  it  is  evident  at  once,  since  2  ft.  or 
|  of  1  yard  tire  ^  of  6  feet  or  2  yards. 

7.  The  value  of  a  fraction  is  not  changed  by  multiplying  the 
numerator  and  denominator  by  the  same  number. 

The  term  one-half  is  equivalent  to  two-quarters,  to  four-eighths, 
and  so  on ;  that  is  £,  f ,  f ,  &c.  are  all  equal ;  since  it  is  evident  that 
the  result  is  the  same  if  we  divide  the  whole  into  twice  the  number 
of  parts,  and  take  twice  the  number,  or  into  3  times  the  number  of 
parts,  and  take  3  times  as  many  of  them.  The  above  fractious  are  i, 
the  numerator  and  denominator  being  both  multiplied  successively 
by  2. 

Again,  take  J,  multiply  both  numerator  and  denominator  by  3, 
it  becomes  Js :  u  now  we  take  a  line  and  divide  it  into  5  equal  parts, 
and  15  equal  parts,  it  will  be  the  same  thing  whether  we  take  two  of 
the  larger  parts,  or  six  of  the  smaller,  which  are  i  the  size. 

8.  The  value  of  a  fraction  is  not  changed  by  dividing  the  nume- 
rator and  denominator  by  the  same  number.  This  appears  in  exactly 
the  same  way  as  the  above,  in  any  case;  thus,  -j^,  dividing  both  nu- 
merator and  denominator  by  3,  gives  f .  The  process  is  equivalent 
to  dividing  the  unit  into  larger  portions,  and  taking  fewer  of  them  in 
proportion 

Fractions  are  thus  often  simplified  :  example,  -£&  is  evidently  re- 
ducible to  fa ;  -ffo  to  £y.# 


*  A  fraction  is  reduced  to  its  simplest  terms  by  finding  their  greatett  common  metvret 
that  is,  the  largest  number  which  will  divide  them  bcr'a  without  a  remainder.  To  find  toe 
greatest  common  measure  of  two  numbers, 

Divide  the  greater  by  the  less.  Consider  the  remainder  as  a  new  divisor  to  the  former 
divisor  as  a  dividend,  and  find  the  next  remainder.  Consider  the  last  remainder  as  a  new 
divisor,  and  find  the  next  remainder,  and  so  on.    The  last  divisor  is  the  number  required. 

If  the  last  divisor  is  1,  the  numbers  have  no  common  measure  but  1,  that  is,  are  not 
further  reducible. 


Ex.  1.    Find  the  greatest  common  me*. 
sate  of  24  and  124. 

*4)iH(5 


Ana. 


4)*4-:« 

34 
4.         cv 


Ex.  2.     Find  the  greatest  common  mea- 
sure of  48  and  1 1. 

n)48(4 
44 

4)»ri 

3)4(1 
3 
Ana.        7 


FRACTIONS. 


[1.]  Reduction  to  a  Common  Dtnambetor. 


9.  Suppose  it  is  required  to  add  together  $  and  j  ;  if  we  could  ai 
ouce  express  thirds  in  fifths,  or  fifths  in  thirds,  we  should  then  merely 
enumerate  the  number  of  parts ;  but  as  one  of  these  fractions  is  no 
exact  number  of  times  greater  than  the  other,  (as  may  be  seen  by 
dividing  a  line  into  5  parts  and  3  parts),  we  cannot  do  this.  But  by 
multiplying  the  numerator  and  denominator  of  one  by  some  number, 
and  of  the  other  by  some  other  number,  (which  leaves  the  fractions 
unchanged  in  value,  No.  6)  we  may  select  such  multipliers  as  will 
produce  the  same  number  in  the  denominator;  thus,  multiplying  the 
numerator  and  denominator  of  \  by  5,  gives  4$,  and  multiplying 
the  numerator  and  denominator  of  J  by  3  gives  ^,  and  the  fractions 
\  and  f  are  thus  reduced  to  15ths. 

Again,  to  reduce  -ft  and  -ft  to  the  same  denominator,  multiply 
the  numerator  and  denominator  of  fg  by  11,  which  gives  *f3,  and  J, 
by  12,  which  gives  ffr.  These  reductions  are  effected  by  multiplying 
each  numerator  by  the  other  denominator,  and  the  two  denominators 
together ;  and  the  same  applies  to  three  or  more  fractions  taken  in 
succession.     Hence  the 

Rule :  Multiply  the  numerator  of  each  fraction  by  every  deno- 
minator, except  its  own.  for  the  new  numerator,  and  multiply  all  the 
cUttominators  together  for  the  new  denominator. 

3    *5  7         3**5*7 ,J«I5*7,3*«5*7       3>5  3>5  3'S 

if  a7         7         17***7'  I7*»*7   17***7       238' 138  *3T 

5   12         7         420  4*0  420 

10.  The  process  of  reduction  to  a  common  denominator  is  often 
necessary  in  the  comparison  of  two  fractions,  to  find  which  of  the  two 
is  the  greater ;  thus,  to  compare  f6  and  s\,  these  become  ££$  and  J-fcf 
hence  -f(  is  the  greater. 

1 1 .  Whole  numbers  are  written  in  the  fractional  form  by  em- 
ploying 1  as  the  denominator ;  thus  3  is  written  |,  the  1  is  in  the 
place  of  the  unit  divided  into  1  part  (No.  2\  that  is,  left  entire,  and 
the  3  denotes  that  3  such  parts  are  taken  (No.  3). 

12.  By  means  of  this  last  notation  whole  numbers  are  reduced  to 
fractions  with  the  same  denominator,  by  the  rule  No.  9.  Thus  1 1  and 
J,  or  U  and  $  become  V  an^  I* 

[2-j  JdtiUwu 

13.  Reduce  the  fractions  to  a  common  denominator,  add  the  nume- 
rators (No.  9),  and  under  the  sum  place  the  common  denominator. 

Ex.1.    Add  together  -5-  cod  2.    These  becoite  -2-^-2-  a  -2 ,  m*1  till  _  2±.  the»ura 

of  which  in  —. 
51 
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Ax.  8.    Add  together  -,  -,  and  -.    Am.  «L 

24         *>  • 

Ex.  3.    Add  — ,  -t  and  -=-.    Ans. 1— » 

10  7  100  7000        700 

Hx  4.    Add  i-f  4.  *»"«  -•     Ana.  l|*  =  -21. 
10   16  3  480       120 

14.  Rule :  Reduce  the  fractions  to  a  common  denominator,  and 
sabtract  the  lesser  numerator  from  the  greater  for  a  numerator. 
Thus,  suppose  it  required  to  subtract  £  from  £,  these  become  ^  and 
aV  anc'  A  fr°m  iV  leaves  fa  the  remainder  required. 

Hence  it  appears  that  the  difference  between  }  part  and  £  part 
is  s*6  of  the  whole. 

Ex.  1      Find  the  difference  between  *  and  -.     Theae  become  -*  and  -2,  the  difference 

tif  which  is  — . 

35 

£%.  2.     Subtract  —  from  — .     Ana.  -^-. 
33  »  3*3 

Ex.  3.     Subtract  "  from  ^    Ans.  ^  -  1^. 
«3  5  «S         65 

[4.]  MfulHplicatiQ*. 

15.  To  multiply  a  fraction  by  a  whole  number  is  to  repeat  tik* 
fraction  a  given  number  of  times ;  that  is,  to  multiply  [  by  3,  or  to 
take  I  three  times,  gives  £.  Hence  to  multiply  a  fraction  by  a  whole 
number  is  to  multiply  the  numerator. 

Hence  a  number  multiplied  by  a  (proper)  fraction  is  diminished; 
thus,  3  multiplied  by  J,  which  is  |,  is  less  than  3. 

16.  To  multiply  a  fraction  by  a  fraction,  as  for  example  |  by  f. 
Since  f  is  the  same  as  twice  one-fifth,  we  have  to  take  £  of  f ,  and 
double  the  result. 

To  take  i  of  4  is  to  divide  }  into  5  parts  and  take  one  of  them ; 
now  }  is  3  x  }  (by  No.  6),  and  dividing  4  into  5  equal  parts  gives 
3^-,  since  5  such  parts  repeated  7  times  make  up  I.  Hence  3  of 
these  parts  (or  4  divided  into  5  parts)  is  fa  which  is  therefore  |  of  4. 
and  fa  doubled,  or  fa  is  J.  of  4. 

Now,  the  numerator  6  is  the  product  of  the  two  given  numerators, 
2  and  3  (as  appears  by  the  process) ;  and  the  denominator  35  is  the 
product  of  the  denominators  7  and  5.  If  we  had  to  multiply  this  re- 
sult by  a  third  fraction,  the  process  would  be  the  same ;  hence  the 

Rule.  Multiply  all  the  numerators  together  for  a  new  numerator, 
and  all  the  denominators  for  a  new  denominator. 


Ex.  1.    Multiply  -,i,  and-.    Ans.—.  Ex.2.    Multiply  £,  by  2*    Ana.  ^i 

Y  J  I  $         7  io$  r    63     J  7  441 

Ex.  3.    Multiply  il. -,  and  i    Ant.  ^U 

17.  If  we  multiply  §  by  itself,  wc  have  J,  this  again  by  \  gives  /r; 
cow  jft  differs  little  from  fa  and  ft  is  equal  to  $,  which  is  very 
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much  less  than  |.     Again,  a  multiplied  by  itself  is  fa  and  this 
multiplied  again  by  £  is  ^4. 

Hence  a  proper  fraction  is  diminished  by  continually  multiplying 
it  by  itself. 

[$.]  DMfto*. 

18.  To  divide  a  fraction,  as  \,  by  a  whole  number,  as  4,  is  to  find 
a  new  fraction  which,  repeated  4  times,  shall  produce  £ :  that  is,  we 
have  to  divide  a  third  into  4  equal  parts. 

It  will  be  at  once  seen,  on  dividing  a  line  into  3  equal  parts,  that 
to  divide  each  third  into  4  equal  parts,  is  to  divide  the  whole  line 
into  12  equal  parts,  and  since  4  of  such  parts,  or  twelfths,  constitute  a 
third,  j^  is  the  required  fraction.  Hence,  as  similar  reasoning 
applies  to  any  other  fraction  or  whole  number,  the  most  general  rule 
for  dividing  a  fraction  by  a  whole  number  is  to  multiply  the  denomi- 
nator by  the  given  whole  number;  but  if  the  numerator  be  a  multiple 
of  the  divisor,  it  is  better  to  divide  the  numerator  as  it  leaves  the 
result  in  a  more  reduced  state. 

19.  To  divide  a  whole  number,  as  3,  by  a  fraction,  as  £. 
Dividing  3  by  1,  that  is,  finding  how  often  1  is  contained  in  3,  gives 
3.  Now,  it  is  easily  seen,  since  £  is  4  times  smaller  than  1,  that  it 
most  be  contained  in  3,  four  times  oftener,  that  is  12  times;  and 
12  is  the  product  of  3  by  the  denominator  4. 

To  divide  3  by  }.  Since  f  is  twice  ±,  we  have  to  divide  3  by 
J,  and  take  half  the  quotient;  and  we  know  that  to  divide  by  the 
product  of  two  numbers,  2  x  £,  is  the  same  thing  as  to  divide  by  them 
separately,  that  is,  3  divided  by  f  is  3  multiplied  by  5  (No.  1§\  and 
divided  by  2 ;  or  3<+>£  is  the  same  as  3  x  f ,  or  */. 

Here  $  is  the  fraction  f  inverted. 

As  similar  reasoning  applies  to  any  numbers  and  fractions,  we 
have  the 

Rule.  To  divide  by  a  fraction,  invert  the  fractional  divisor,  and 
proceed  as  in  multiplication. 

20.  To  divide  a  fraction  by  a  fraction.  We  have  evidently  to 
treat  the  dividend  as  a  whole  number,  and  apply  to  the  divisor  the 
rule  above. 

Ex  1.    Diride  1-  by  i    -Z-x!-— -|>  Ex.2.     Divide  2  by  i     An*  '4- 

ji    *  3      la    a    24    8  4      5  * 

Ex.  3.    Divide  -  by  — .    Am.  ^. 
7        ix  63 

Hence  it  appears  that  the  smaller  the  fractional  divisor  th* 
greater  is  the  quotient. 

21.  When  a  quantity  is  both  multiplied  and  divided  by  the  same 
number,  it  remains  unchanged.  Hence  when  the  same  number 
occurs  in  the  numerator  and  denominator  of  a  fraction,  or  of  two  or 
more  fractions  multiplied  together,  we  simply  omit  or  erase  it ;  as, 

im  141  41741111  ** 

a  4    1    J  7*1616646*4  * 


nmoDucnoir. 


II.  Decimal  Fractions. 


22.  Tenths,  hundredths  (which  are  tenths  of  tenths),  and  so  on, 
are  called  Decimal  Fractions,  and  may  be  written  as  fractions, 
having  for  denominators  10,  100,  &c.,  thus,  one-tenth,  fa;  three 
hundredths,  j-J^,  &c  But  as  these  quantities  are  counted  by  ten*, 
like  common  numbers,  it  is  simpler  and  more  concise  to  write  them 
in  continuation  with  the  common  numbers,  only  taking  care  to  put  a 
dot,  called  the  decimal  point,  where  the  whole  number  ends  and  the 
fraction  begins;  that  is,  between  the  unit  and  the  tenth:  thus,  21*32 
signifies  21  and  3-tenths  and  2-hundredths ;  432*9  signifies  432  and 
9-tentbs ;  33*05  signifies  33,  no  tenths,  5  hundredths. 

23.  In  the  fractional  part  beyond  the  dot,  each  figure  may  be  read 
in  its  separate  denomination,  or  the  whole  may  be  read  in  the  deno- 
mination of  the  last:  thus,  *32  is  read  either  as  3-tenths  and  2  hun- 
dredths, or  as  32-hundredths ;  just  as  32  is  road  either  as  3  tens  and 
2  units,  or  as  32  units. 

24.  As  -5,  (or  5-tenths)  is  the  half  of  1,  so  -05  is  the  half  of  01,  or  5 
hundredth-parts  are  the  half  of  one-tenth ;  5  thousandth-parts  are 
the  half  of  a  hundredth-part.  The  half  of  5  tenths  is  2  tenths  and 
half  a  teuth,  that  is,  2  tenths  and  5  hundredths,  or  0*25.  Hence  the 
fractions,  quarter,  half,  and  three-quarters  are  written  in  decimals, 
0-25,  0-5,  and  075. 

All  the  preceding  rules  apply  equally  to  decimal  fractions ,  but 
as  these  last,  from  their  denominators  being  multiplied  by  10,  are  of 
a  uniform  kind,  special  rules  have  been  made  tor  them,  relating, 
however,  almost  entirely  to  the  placing  of  the  decimal  point. 

[1.]  Addition  mnd  8uhtrttiom. 

25.  Place  the  quantities  so  that  their  decimal  points  shall  be  ifi 
the  same  vertical  line ;  for  then  the  quantities  of  the  same  denomina- 
tion will  stand  together. 

Then  proceed  as  in  the  addition  or  subtraction  of  whole  number*. 


Ri.  1.    Add  together  0*35,  47*4,  and 
9*11. 

0-35 
47*4 
9  '* 
Sum  56*87 

Ex    2.      Add  together  72*99,  4*1,  and 

$»*1»* 

7299 

4'» 
5**3' 


Ex.  3.     From  31*8  subtract  11 '61. 

31-8 
11*62 
Rem.  20' 18 


Ex.  4.     From  423*5  subtract  97*9. 

4*3*5 
97*9 


Sam  129*40 

[2  ]  Multiplication. 


Rem.  325*6 


26.  Multiply  the  numbers  together  as  whole  numbers,  and  poiiA 
off  as  many  decimal  places  in  the  product  (beginning  at  the  right)  as 
there  are  decimal  places  in  the  multiplier  and  multiplicand  together. 


FRACTIONS. 


When  tbe  decimal  places  to  be  pointed  off  are  more  ;n  number 
than  the  figures  of  the  product,  make  up  the  proper  number  by 
prefixing  ciphers  to  the  product. 


Kx.  1.    Multiply  34*11  by  372. 

34*" 

3'7» 
6822 
*3*77 
'<»33 
Ana. 


Ex.  2.    Multiply  *2<>i  by  *o6. 


•201 
•06 


Ans.     *oiii 

The  product  of  201  br  6  U  1206 ;  in  -aot 
are  three  decimals,  in  *o6  are  two  |  to  mato 
up  five  decimals,  a  cipher  U  prefixed  to 
1206. 


126*8892 

In  34*  1 1  are  two  dedmala ;  in  3*72  are 
two;  therefore  four  decimal  placet  are  pointed 
90. 

Sx.  3.    Multiply  90*01  by  0.034.    Ana.  3-06034. 

Xx.  4.    Multiply  together  1*3,  1*2,  and  0*09.    Ana.  0*1404. 

[3.]  Dwmon. 

27.  Divide  as  in  whole  numbers.  The  rule  for  placing  the  deci- 
mal point  is,  that  the  quotient  and  divisor  together  must  contain  as 
many  decimals  as  the  dividend.* 


Bx.  1.    Divide  17*34  by  3*4. 

3*4)>7-34(5> 
170 

34 

34 
Here  17*34  contains  two  decimals,  3*4 
contains  only  one;  therefore  51  must  contain 
tire  remaining  one  required,  and  be  written 

Kx.  2.     Divide  541*2  by  66. 

66)541-2(82 
528 

13* 
132 

Here  54 1  *2  contains  one  decimal,  66  none ; 
hence  tz  mutt  contain  one,  and  be  written  8*2. 


Ex.  3.     Divide  2*392  by  4*6. 

4*6)2*392(52 
230 

9* 

9* 

Here  2*392  contains  three  decimals,  and 

4*6  one,  the  remaining  two  required  must 

therefore  be  obtained  by  pointing  off  both 

figures  of  52  thus,  '52. 

Ex.  4.    Divide  338*4  by  9*4. 

9'4)33*#4(36 
282 

564 
564 

Here  the  dividend  has  one  decimal,  and 
the  divisor  also  one,  or  at  many,  and  tbe 
quotient  is  therefore  an  integer. 

28.  When  the  dividend  has  no  decimals,  ciphers  must  be  annexed, 
preceded  by  the  decimal  point. 


Ex.  1.    Divide  19  by  '04. 

Anaedng  two  ciphers  to  19,  gives  the 
caroptee  quotient  475. 


Ex.  2.  Divide  132  by  0*7. 

Annexing  five  ciphers  (decimals)  gives 
quotient  188 57 14.  Then  the  number  wnich 
added  to  one  decimal  in  0*7  to  make  up  five, 
is  four.    Ans.  188*5714. 

29.  When  the  number  of  figures  in  the  quotient  is  not  sufficient 
to  make  up  the  required  number  of  decimals,  ciphers  must  be  pre- 
fixed. 


*  It  is  always  easy  to  verify  the  quotient,  since  multiplying  it  by  the  d' visor  should  re- 
produce  the  dividend:  thus,  in  Ex.  1,  5  1  x3*4  gives  (by  No.  26)  17-S4.  The  leamei 
should  also  exercise  his  common  sense  on  the  results  as  a  security  against  gross  mistakes  • 
thus,  17*34  divided  by  3*4  will  be  near  17  divided  by  3;  that  is,  less  than  6  (as  5  1  U> 
Again,  2*392  divided  bV  4*6,  it  not  fn  froir,  2  divided  by  4,  vi  a  half  (which  is  nearly  -62). 


8  omomncrriQV. 


St.  1.    Divide  2*39*  oy  46. 

Hera  1*391  contains  three  decimals,  tad 
46  none;  the  quotient  (52)  most  contain 
three,  and  becomes  0*052. 


El.  1.     Diride  *  1 734 by  3*4. 

Here  '1734  contains  four  decimals,  and 
3*4  one;  the  quotient  51  (Ex.  1,  abore) 
sontains  only  two  figures,  and  three  are  re- 
quired ,  hence  51  must  be  written  0*051. 

Ex.3.    Diride  17*9  by  o-oi.    Annexing  one  cipher,  the  quotient  is  1395. 

Ex.  4 .    Diride  0*0106  by  5*1.    Annexing  two  ciphers  gires  quotient  569,  which  hi  0*00569, 
since  the  five  in  this  added  to  one  in  5*1  make  up  six. 

30.  The  division  may  always  be  carried  to  any  degree  of  accuracy 
by  annexing  ciphers  to  the  dividend,  as  is  seen  in  Ex.  2,  No.  28. 

31.  The  decimal  point  may  be  removed  altogether  from  both  the 

divisor  and  dividend,  by  continually  multiplying;  each  by  10 ;  for  the 

uuotient  will  thus  remain  unaltered,  No.  7.    The  first  decimal  in 

the  quotient  will  then  appear  only  with  the  first  cipher  annexed  to 

carry  on  the  division. 

Ex.    Diride  17*9  by  0*01.    Multiplied  by  10  they  become  179  and  o*i ;  multiplied  again 
tiny  become  1790  and  1,  the  quotient  of  which  is  1395. 

This  easy  process  furnishes  a  complete  security  against  wrongly 
placing  the  decimal  point  in  the  quotient 

[4.]  Reduction. 

32.  The  great  convenience  of  decimals  makes  it  often  desirable 
so  reduce  vulgar  fractions  to  the  decimal  form. 

To  reduce  a  Vulgar  Fraction  to  a  Decimal  Fraction. 
Divide  the  numerator  by  the  denominator,  adding  ciphers  as 
required.        The  quotient  is  the  decimal  required. 

Ex.  1.    Reduce  -  to  a  decimal  fraction.    Dividing  10  by  5  (the  cipher  being  added')  we 

flfad  -  U  0*1. 
5 

Ex.  2.    Reduce  -  to  a  decimal  fraction.    Dividing  10  by  3  gires  3 ;  the  next  cipher 
3 
added  gires  another  3,  and  so  on  continually.    The  fraction  required  is  therefore  0*333,  *•» 

Ex.  3.    Find  what  decimal  of  1  (nautical)  mile  is  700  feet 

There  are  6080  feet,  nearly,  in  1  such  mOe ;  hence  1  foot  is  — -  of  1  mile,  and  700  fa* 

are  J~»  of  1  mile,  which  gires  0*115  of  1  mile,  nearly 

Ex.  4.    Find  what  decimal  of  1  minute  is  41  seconds. 

1  41 

1  second  is  5-  of  1  minute,  hence  42  seconds  are  —  or  0*7  of  a  minute ;  or,  as  it  may  be 
60  00 

written,  o*7. 

Ex.  5.    Find  what  decimal  of  1  foot  is  8s  inches. 

First,  -  is  0*75  of  1  inch,  hence  8-  inches  are  8*75  inches.    Then,  1  inch  is  —  of  1  foot 
4  8*7?  4  ** 

hence  875  inches  are         ,  or  0-719,  of  1  foot. 

Ex.  6.    Find  what  decimal  of  1  degree  is  8'  37" 


37"  are 

|^of  1',  or  061  of  1' 
60 

;  theni' 

is^-of  1 
60 

°;  hence  8**6i 

are 

*-6 
60 

r0f 

i°, 

oro0* 

4* 

Ex.7. 

Find  what  decimal  of 

1  day  is 

3*  41-. 

ai1"  are  ^  or  i\  or  o*\7  • 

and   ib 

he  —of  1 
14 

dsyi 

hence 

3k.7 

fc 

14 

of 

1  J»y 

e» 

0*154106, 

Ac 

FEACTI0N8.  0 

33.  Or,  reduce  the  given  quantity  to  the  lowest  of  its  denominations 
when  there  are  more  than  oue,  and  also  the  integer  to  which  it  is 
referred,  to  the  same  denomination ;  then  divide  the  given  quantity 
by  the  integer  thus  reduced. 

Ex.  1.    (Ex.  3,  above.)    The  given  quantity,  700  feet,  being  all  in  one  denomination, 
requires  no  further  reduction. 
The  integer  1  mile,  reduced  to  the  tame  denomination,  is  6080  feet ;  then  700  divided 
by  6080  gives  0*115. 

Ei.  2     (Ex.  5,  above.)    8  inches  and  3  quarters  are  35  quarters ;  and  1  foot  reduced  to  the 
same  denomination,  is  48  quarters ;  then  35  divided  by  48  gives  0*729 

34.  To  reduce  a  Decimal  Fraction  to  a  Vulgar  Fraction. 

Note  the  number  of  parts  which  the  unit  or  integer  of  the  given 
quantity  contains  of  the  next  inferior  denomination,  and  multiply  the 
given  decimal  by  this  number ;  the  product  is  the  given  quantity 
expressed  in  that  denomination 

If  this  product  have  a  decimal  part,  multiply  this  decimal  by  the 
number  of  parts  which  the  unit  of  the  present  denomination  contains 
of  the  next  inferior  denomination  to  that  just  before  employed:  this 
product  is  the  quantity  which  the  given  decimal  contains  of  that  next 
denomination. 

Proceed  (if  there  till  be  decimals),  in  like  manner,  to  the  lowest 
denomination  in  which  the  decimal  is  required  to  be  expressed 

Eel.    Find  the  number  of  feet  in  0*11  c  of  1  mile. 

The  next  inferior  denomination  to  that  ot  mOesl         °&\l 

is  here  feet,  of  which  the  number  in  1  mile  is  J * 

Ant.  (in  the  lowest  denomination  required)    699*4  feet 

Ex.  2.     Find  the  number  of  seconds  in  0*7  of  1  minute. 

Hie  next  inferior  denomination  to  that  of  minutes )  7 

is  seconds,  of  which  the  number  in  1  minute  is)  

An*.  41*0  seconds, 

8b.  S.     Find  the  number  of  inches  and  eighths  in  0*48  of  1  foot 

The  next  inferior  denomination   to  that  of  feet  I  °**f 

is  inches,  of  which  the  number  in  1  foot  is) — 

The  next  proposed  inferior  denomination  to  inches  \  &  ^    tncliea. 

is  eighths,  of  which  the  number  in  1  inch  is)  .— - 

6  6*cS  eighths. 

Ans.  5  inches  and  6*08  eighths,  or  j  nearly. 

Ejc  4«    Find  the  number  of  minutes  and  seconds  in  o°*734. 

The  next  inferior  denomination  to  that  of  degrees  \         °*75i0 
is  minutes,  of  which  the  number  in  i°  is)    *"** _ 

The  next  inferior  denomination  to  minutes  1         ***°*!L 

is  seconds,  of  which  the  number  in  1'  is  J *° 

Ans.  44'  *%.  ».4oo 

Etc  ft      Find  the  number  of  hours  and  minutes  in  0*3 7  of  a  day. 

Hie  next  inferior  denomination  to  days  is!  °*3* 

hours,  of  which  the  number  in  1  d.  is  14)  — 

The  next  inferior  denomination  to  hours  k\  Ml  bews. 

minutes,  of  which  the  number  in  i*  is  60  J . 

Ans.  8*  51-8.  jV8o  minute* 


10  INTRODUCTION. 

35.  When  we  propose  to  use  the  nearest  whole  number,  rejecting 
the  decimal*,  if  the  decimal  is  less  than  *5,  we  omit  it,  if  greater  than 
'5,  we  count  it  at  a  unit  For  example,  if  we  propose  to  take  31*3 
as  a  whole  number,  we  call  it  31 ;  if  we  propose  to  take  31*7  as  a 
whole  number,  we  call  it  32.  The  reason  is,  obviously,  that  31*3  is 
nearer  to  31  than  it  is  to  32,  whereas  31*7  is  nearer  to  32  than  it  is 
to  31. 

In  like  manner,  we  may  abridge  the  decimals  themselves  when 
accuracy  is  not  required:  thus,  for  ex.  11*567  may,  when  two  places 
only  are  required,  be  written  11*57,  or  when  one  place  only,  11-6* 


II.  Proportion. 

36.  By  the  term  ratio  we  commonly  understand  the  relative 
mangnitude  or  quantity  of  two  things  of  the  same  kind  ;  thus,  when 
we  speak  of  the  ratio  of  two  numoers,  12  and  4,  we  mean  their 
relative  magnitude,  or  the  result  of  comparing  them  together  in 
respect  of  quantity. 

37.  The  most  distinct  and  intelligible  notion  which  we  can  form 
of  the  degree  in  which  one  quantity  or  magnitude  is  greater  than 
another,  is  the  number  of  times  one  contains  the  other ;  that  is,  the 
quotient  of  one  by  the  other  is  the  measure  of  the  ratio.  Thus,  to 
compare  12  and  4,  we  find  that  12  contains  4  three  times,  or  the 
quotient  y,  or  the  number  3,  is  the  measure  of  the  ratio  of  12  to  4.+ 

*  The  following  signs,  or  symbols,  of  arithmetics!  operations  are  often  wed  for 
abbreviation. 

(1.)  The  sign  + ,  called/?/**  (which  is  the  Latin  for  titer*),  signifies  additive,  or  to  be 
added. 

(2.)  The  sign  — ,  called  minus  (which  is  the  Latin  for  fast),  signifies  subtract**,  or  tr 
be  subtracted. 

Ex.     +3  signifies  3  to  be  added,  —3  signifies  3  to  be  subtracted 

(3.)  The  sign  x  signifies  multiplied  by. 

Ex.     7x5  signifies  7  multiplied  by  5. 

(4.)  The  sign  -1-  signifies  divided  by.    The  operation  of  division  is  also  indicated  by 
writing  the  divisor  under  the  dividend,  with  a  line  between  them. 

Ex.     14  -r  2  signifies  14  divided  by  2  ;  which  is  as  frequently  denoted  thus,  — . 

(5.)  The  sign  ■»  signifies  equal  to  (or  amounting  to). 

Eiaraples  of  the  preceding,  with  the  results  in  each  case,  will  stand  thus  :— 

(1.)  14  and  3  -  17,  or  14+  3  -  17.  (2.)  10-3-7. 

(3.)  7*5-35-  (*•)  14+*- 7.0^-1. 

These  processes  appear  much  more  conspicuous  to  the  eye  than  when  written  out  in 
words  at  length. 

f  But,  instead  of  saying  that  the  absolute  number  3  is  the  measure  of  the  ratio  12  :  4, 
ft  is  more  correct  to  say  that  the  measure  is  itself  the  ratio  of  3  :  1 ;  because,  in  all  cases  of 
measure,  we  employ  a  convenient  quantity  of  the  same  kind  as  a  unit,  as  1  foot,  or  1  mfltw 
for  length,  1  second  for  time,  Ac. ;  so  the  measure  of  ratio  is  itself  a  ratio,  but  of  the 
simplest  form  that  can  be  found 


PROPORTION .  1 1 

The  ratio  or  proportion  (for  the  terms  are  often  used  indifferently)  of 
two  numbers,  as  12  and  4,  is  written  thus,  12  :  4,  or,  as  above,  V« 

38.  Suppose  it  required  to  find  the  ratio  of  12  to  5.  12  contains 
5  more  than  twice,  but  not  three  times.  By  actual  division,  y  gives 
2$ ;  but  this,  instead  of  being  simpler,  is  more  complex  than  y„ 
Hence,  as  *o  cannot  simplify  this  fraction  (12  and  5  having  no 
common  measure  but  1),  it  remains  as  the  measure,  or  represents  the 
ratio  of  12  :  5 

39.  In  the  same  manner  is  represented  the  ratio  of  4  to  12,  ia 
which  the  smaller  term  is  taken  first ;  for  though  4  does  not  contain 
12,  yet  it  contains  the  third  part  of  12,  so  that  there  is  still  an  exact 
relation  between  the  numbers  in  this  order :  in  other  words,  the 
ratio  of  4  to  12  is  the  same  as  the  ratio  of  -£  to  1 ;  but  the  ratio  of 
£  to  1,  or  a  third  to  the  whole,  is  the  same  as  that  of  1  to  3,  since 
each  contains  the  other  three  times.  Hence,  4  :  12,  or  |  :  1,  is  the 
same  as  1  :  3,  or  £$  the  same  as  £,  which  is  the  measure  of  A-. 

40.  There  is  an  employment  of  ratio  or  fractions  which  is  often 
embarrassing  to  unpractised  arithmeticians.  If  we  increase  6  to  7, 
we  add  l-sixth,  for  1  is  -J  of  6,  and  6 -hi  make  7  ;  but,  if  we  now 
diminish  7  to  6,  we  take  away  l-seventh,  for  4  of  7  is  1,  and  7—  1  is  6. 
In  the  first  case,  we  take  a  fraction  of  6,  in  the  second,  a  fraction  of 
7;  and  it  is  obvious  that  the  same  quantity  cannot  be  the  same 
fraction  of  two  different  numbers.  In  like  manner  3  increased  by  | 
of  itself  becomes  4 ;  but  to  pass  back  again  from  4  to  3,  we  must 
take  away  |  of  4. 

41.  It  may  be  convenient  to  express  the  change  of  a  quantity  in 
any  ratio,  by  means  of  the  increase  or  diminution  it  undergoes, 
measured  by  a  fraction  of  itself. 

To  increase  a  number  in  the  ratio  of  f .  §  is  composed  of  $  and  |, 
or  1  and  f ;  hence  the  number  is  to  be  increased  by  |  of  itself. 

To  diminish  a  number  in  the  ratio  of  $.  £  is  equivalent  to  f9 
deducting  £,  or  to  1— £ ;  hence  the  number  is  to  be  diminished  by  j 
of  itself. 

Bi.  1.  A  number  it  increased  in  the  ratio  of  — ,  by  what  fraction  of  itself  ia  it  increased  f 
18  53 

Answer.  — . 
53 

Ex,  2.  A  number  is  diminished  in  the  ratio  of  — ,  by  what  .fraction  of  itself  is  it  diminished  ? 
Answei,  — . 

42.  The  first  of  two  terms  taken  in  order  is  called  the  antecedent, 
and  the  second  the  consequent :  thus,  in  12:4,  12  is  the  antecedent* 
tnd  4  the  consequent;  in  4  :  12,  4  is  the  antecedent. 

1.  Direct  Proportion* 

43.  When  two  pairs  of  terms  occur,  each  antecedent  having  the 
same  ratio  to  its  consequent,  the  fonr  terms  constitute  an  analogy,  or 
proportion,  as  it  is  also  called :  thus,  18  and  6,  12  and  4,  each  pair 
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bavins  for  its  measure  the  ratio  4.  form  this  proportion — 18  is  to  6 
as  12  is  to  4 ;  or,  as  it  is  written  for  abbreviation,  18:6::  12:4. 

The  same  is  also  written  thus:  y  =x  l4«,  and  read  "  the  ratio  of 
IS  to  6  is  equal  to  the  ratio  of  12  to  4."» 

44.  Iu  every  proportion  the  product  of  the  two  extreme  terms 
is  equal  to  the  product  of  the  two  mean  (or  middle)  terms:  thus,  in 
18:6::  12  :  4,  18x4  =  6 x  12«72.f  This  property  affords  the 
test  by  which  we  learn  the  various  alterations  that  may  be  made  in 
a  proportion,  the  original  proportionality  being  still  preserved. 

45.  The  following  variations  in  the  order  of  the  four  terms  of  a 
proportion  occur  the  most  frequently : — 

Given  form,    18  I     6  :;   n  ;     4  /  4  ;     6  ::   12  ;  it> 

Alternately,    18  :   1*  ;:     6  ;     4  .    ...     ______     )    6  :     4  ;:   18  :   12 

Referring,     6  :  18  ;:   4  :  1*         i«i^-«»w.     12  :  18  ::   4  :   * 
Or,  4  ;  12  ::   6  :  is  \  »  :   4  :;  18 :  6 


46.  In  a  proportion,  either  of  the  mean  terms  is  equal  to  the 
product  of  the  extremes  divided  by  the  other  mean. 

-_•«•-..      .        _     **  "4      _  1**4 

Thas  in  if  :  6  ;;  12  :  4,      6  —  ,  and  12  —  — 7-2. 

12  © 

Also,  either  of  the  extremes  is  equal  to  the  product  of  the  means 
divided  by  the  other  extreme ;  as  in 

18 : 6 ::  ia :  4,    is  -  — — ,  **&  4  -  — — 

Hence,  if  any  three  terms  of  a  proportion  be  given,  the  fourth 
may  be  found. 

47.  It  is  often  required  to  increase  or  diminish  a  quantity  in  a 
certain  ratio,  or  proportion.  For  example,  to  increase  the  number 
12  in  the  ratio  of  3  to  1,  is  to  multiply  by  3.  For  the  increased 
quantity  (which,  being  yet  unknown,  we  will  call  x)  is  to  be  to  the 
given  quantity  12,  as  3  to  1,  or  x  :  12  : :  3  :  1.  Whence  (No.  44) 
lx£-=]2x3.  Again,  to  reduce  a  number,  as  13,  in  the  ratio  of 
5  to  7,  is  to  multiply  it  by  5  and  then  divide  by  7,  for  the  reauired 
number  (x)  is  to  be  to  the  given  number  (13)  as  5  is  to  7,  whence 

13x5 

*  =  —' 

For  example,  if  certain  provisions  last  122  men  a  given  time,  it 
is  evident  that,  in  order  to  last  146  men  the  same  time,  they  must  be 
increased  in  the  ratio  of  146  :  122;  that  is,  multiplied  by  146,  and 
then  divided  by  122.  Again,  if  certain  provisions  suffice  106  men, 
and  they  are  required  to  serve  only  74  men,  they  may  be  diminished 
in  the  ratio  of  74  to  106 ;  that  is,  x  74-?- 106. 

*  Hence  proportion  if  also  described  as  being  the  equality  of  ratio. 

t  Hence,  also,  when  the  products  of  two  pairs  of  numbers  are  equal,  the  four  numbers 
nay  be  written  as  a  proportion.  Ex.  22  x  66  -  4  x  363  ;  hence  12  ;  4  ;  I  363  :  66.  Care 
must  be  taken  in  the  order  of  the  terms,  which,  though  indifferent  m  a  product  is  erery 
thing  in  t] 
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[1.]  RmUtfTkrtt,  Direct. 

48.  Numerous  arithmetical  questions  occur  in  a  form  more  or 
less  like  this :  if  5  men  do  20  yards  of  work,  how  many  yards 
will  1]  men  do,  in  the  same  time,  and  under  the  same  circum- 
stances.* 

(1.)  The  most  obvious  and  natural  method  of  solving  such  que* 
tion9  is  the  Method  of  Unity.  Thus,  if  5  men  do  20  yards,  1 
man  alone  will  do  4  yards,  and  therefore  1 1  men  will  do  1 1  times  4 
yards. 

(2.)  The  General  Method  is  to  arrange  the  terms  in  the  manner 
of  a  proportion,  and  then  to  find  the  unknown  term  from  the  other 
three,  (No.  46).  Thus,  it  is  obvious  that  a  constant  proportion 
obtaining  between  the  men  and  their  work,  we  have 

5  men  ;  20  yards  : :  1 1  men  :  number  of  yards  required. 

This  process  is  called  the  Rule  of  Three. 

(3.)  They,  however,  who  are  practically  familiar  with  ratio,  01 
proportion,  perceive,  on  considering  the  question,  the  ratio  in  which 
one  of  the  given  terms  is  to  be  changed,  so  as  to  suit  the  conditions ; 
and  thus  the  solution  is  effected  at  a  single  step.  Thus,  in  the  above 
question,  it  is  evident  that  the  given  number  of  yards,  20,  is  to  be 
increased  in  the  ratio  of  1 1 :  5 ;  that  is,  in  exactly  the  same  ratio  as 
the  number  of  men  is  increased.  The  solution,  therefore,  is  com- 
prised in  these  figures,  20  x  V ,  which  gives  44. 

49.  Various  precepts  have  been  suggested  for  ensuring  a  correct 
order  in  the  arraugement  of  the  terms,  or  the  statement  of  the 
question,  as  it  is  called ;  and  one  of  such,  which  is  often  useful,  is  t. 
consider  the  terms  given  as  standing  to  each  other  in  the  relation  of 
cause  or  agent,  and  effect  (as,  for  instance,  the  men  in  the  above 
example  and  their  work).  By  this  supposition  (which,  however,  is 
arbitrary  and  unsatisfactory  enough  in  many  cases),  the  four  terms 
are  rightly  paired,  or  the  antecedents  and  consequents  rightly  taken. 
But  the  fact  is,  that  no  mechanical  rules  can  so  completely  supersede 
the  notion  of  proportionality  as  to  absolve  the  mind  from  alt  neces- 
sity for  estimating  it ;  and,  consequently,  the  student,  if  he  clearly 
understands  proportion,  depends  upon  it  alone;  and  if  he  does  not, 
he  cannot,  from  any  number  of  precepts,  feel  the  least  confidence  iu 
the  soundness  of  his  result. 

As  a  right  apprehension  of  proportion  is  most  essential  to  every 
one  who  has  any  thing  to  do  with  calculation,  we  have,  for  the  sake 
rf  exercise,  solved  several  examples  in  each  of  the  above  three  forms. 

Gi.  1.  A  steam-Teasel  ccmumes  13  tons  of  coal  in  if  days ;  how  long  will  98  tons  last  ? 

(1.)  Method  of  Unity  :  13  tons  in  ifd.  or  |d.t  is  1  ton  in  — - —  or  £d.,  and  98  tons  U 

4x13 
98  x£  or  134  days,  or  13d.  5I1.  nearly. 

*  In  the  application  of  the  rales  which  follow,  the  circumstance!  are  supposed  to  remain 
the;  same,  that  is,  the  change  of  the  number*  does  not  imply  any  other  change.     If.  ft* 
mple,  the  increased  number  of  men  should  be  in  each  other's  way,  so  as  to  interfere  with 


their  labour,  this  must  be  made  a  separate  consideration. 
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(2.)  General  Method :  13  I  ifd.  ::  9I  :  d.  req.  -  i'75*9*+>3  -  I3'i%w 
(3.)  By  Ratio :  Here  if  (diyi)  is  to  be  increased  in  the  ratio  of  98  to  13. 

i*7S  *  98+ 13  — 13*2. 

Si  2     If  13  men  make  420  yards  in  20  days ;  how  much  will  they  make  in  1 1  daya  P 

Note. — The  number  of  men  remaining  the  same,  while  the  time  and  th*  iretw 
change,  need  not  be  noticed. 
(1.)  420  yds.  in  20  d.  is  21  yds.  in  1  d.,  and  11  X21,  or  231  yds.  in  11  days. 
(2.)  420  yds.  :  20  d.  ::  yds.  req.  :  11     yds.  req.  -  11  x 420+20-231  yds. 
(3.)  Here  420  is  to  be  diminished  in  the  ratio  of  1 1  to  20. 


3.  A  pump,  A,  delivers  1  ton  in  5* ;  another,  B,  1  ton  in  8< 
1  $■ :  how  much  water  will  they  deliver  in  ik  io"  ? 

Ans.  A,?- 14  tons;  B^-87;  C,  R-4'7- 


and  a  third,  C,  1  la 
Total,  27*4  torn. 


Ei  4.  A  boat,  A,  lands  52  men  in  18"  (going  and  returning) ;   another,  B.  lands  68  mes 
in  41" ;  and  a  third,  C,  lands  20  men  in  23" ;  how  long  will  all  take  to  land  220 
men? 

At  these  rates,  in  ih,  A  lands  3*52  men  ™  ,,r4'  B»  fl*W»  —  99*5  »  and  C,  flx2c, 
—  52*2.  Total  in  ih,  203*1  men.  Now,  as  the  number  landed  is  proportions*! 
to  the  time,  we  have  263*1  ;  i°  ::  220  ;  220  xi  +  263-1,  or  0**84  nearly. 

fix  5.    A  boat,  A,  fills  8   tons  of  water  in  3^  *,  another,  B,  fills  5  tons  In  4* ;  and  a 
third,  C,  fills  i|  ton  in  i}h ;  in  what  time  will  they  fill  107  tons  ? 
(1.)  In  i\  A  fills  V  tons ;  B,  |  tons ;  and  C,  f  tons ;  or  altogether,  *jf  tons.    This  Sa 

1  ton  in  $,  of  ik,  107  tons  in  28  x  107+ 123  —  24**4. 
(3.)  Haying  found  the  fraction  expressing  the  joint  effect  for  i\  or  ff  tons ;  i>  is  to  be 
changed  in  that  ratio,  which  will  convert  this  into  1,  (ft  by  Ex.),  which  gives 
the  time  for  1  ton ;  this  is  then  to  be  increased  in  the  ratio  of  107  :  1. 

Note. — Such  questions  as  in  Ex.  4  and  5  do  not  usually  admit  of  exact  solution ;  thus,  in 
any  whole  number  of  trips  that  can  be  proposed,  the  boats  carry  too  much  or  too  little. 
Each  boat  performs  a  certain  quantity  in  one  particular  interval  of  time,  and  not  eotUinmomtty, 
like  a  pump,  or  so  much  per  hour ;  the  reduction,  therefore,  to  hourly  rate,  is  not  correct, 
bat  it  is  near  enough  for  forming  a  tolerable  estimate,  which,  in  practice,  is  all  that  is  wanted* 
To  obtain  as  complete  a  solution  as  the  question  allows,  we  must  take  each  boat's  performance 
separately,  and  add  them  all  up. 

Ex.6.  The  change  of  the  sun's  declination  in  1  day  is  18*  21" ;  find  the  change  for  i*  34*. 


or,  less  exactly,  24* 


•H*  (I440") 


18*  21"  (1101") 
i8'*3 


,fc^4«  (9V.) 


Ex.  7.  In  a  Table,  against  3 6°  stands  the 
term  27943,  and  against  370  stands  28504) 
find  the  term  corresponding  to  3  6°  23'. 

36°   a7943 

37 **5Q4 

Diff. 561 

Hence  60 


Ex.  8.    Against  n°  in  a  Table 
6726,  and  against  n°  30'  stands  6354;  find 
the  term  corresponding  to  1 1°  37'. 


*  o' 
30.. 


Diff. 


.6726 
..  372 


30: 372  ::  37  :* 

to  be  subtracted  from  6726,  which  gives  the 
term  required. 


561  ::  23  .  x 
which  added  to  27943  (because  the  terms 
increase  while  the  argument*  increases),  gires 
the  term  required* 

60.  The  process  of  finding;  a  term  which  falls  between  two  given 
terms,  or,  as  it  is  call  3d,  Interpolation,  is  sufficiently  exemplified 
above ;  but  it  is  important  to  remark  that  it  n  not  always  necessary 
to  work  proportions  at   length.     It  is  enough,  for  most  practical 

*  The  mrgumeni  is  the  quantity  at  the  side  or  head  of  the  Table,  for  which  the  terms  at 
quantities  in  the  body  of  the  table  are  given. 


PROPORTION.  16 

imrposes,  to  take  a  quantity,  somewhere  between  the  given  terms,  as 
half  waj,  or  a  third  of  the  way,  between  them,  according  to  the  case. 
The  power  of  guessing  the  proportional  part  is  acquired  by  practice, 
and  saves  time  which  otherwise  would  often  be  wasted  in  working  to 
a  superfluous  degree  of  accuracy. 

On  the  other  hand,  when  extreme  precision  is  required,  this  pro- 
portioning alone  is  not  enough,  but  a  correction  is  necessary,  for 
which  see  the  explanation  of  the  Table  for  finding  the  Equation  of 
Second  Differences. 

[2.]  Double  Rule  of  Threi,  Direct, 

01.  Questions  in  the  Rule  of  Three  occur  also  in  a  more  complex 
form;  thus,  if  2  men  do  7  yards  of  work  in  3  hours,  how  many  yards 
will  13  men  do  in  11  hours?  in  which  the  answer  is  required  to 
correspond  not  merely  to  a  certain  number  of  men,  but  also  to  a 
certain  number  of  hours. 

This  question  resolves  itself  into  two :  1st,  if  2  men  do  7  yds. 
how  many  will  13  men  do  in  the  same  time,  or  3  hours?  The 
answer  to  which  is  45*5  yds. ;  and,  2nd,  if  13  men  do  45*5  yds.  in  3 
hours,  how  many  yds.  will  they  do  in  11  hours?  Hence  the  solution 
of  such  questions  is  called  the  Double,  or  Compound  Rule  of  Three. 

Rs  1.  The  example  above 

(1.)  i  man  does  \  of  7  yds.,  or  3*5  yds.  in  j\  and  13  men  do  45*5  yds. 

13  men  do  45*5  yds.  in  3*,  or  15*17  yds.  in  ih,  and  therefore  166*87  in  11  hours. 
(2.)  The  two  statements  as  given  above. 

(3.)  7  is  to  be  inereasul  in  the  ratio  of  13  :  2,  and  then  of  11  ;  3. 

Bx  2.  If  9  men  make  47  yds.  in  4  days,  how  many  yards  win  17  men  make  in  3 1  days  f 

Ans.  681  yds. 

Ex.  3.  If  5  men  do  64  yds.  in  1 1  days,  in  how  many  days  win  14  men  do  37  yds.  ? 

(1.)  1  man  does  64  yds.  in  55  days,  or  1  yd.  in  0*86  days,  and 

14  men  do  1  yd.  in  '86+14,  and  37  yds.  in  2*27  days. 

(2.)  5  m.  :  64  yds.  ::  14  m.  ;  179*2  yds.        179'*  :  "  -  37  •  2-27  nearly. 
(3.)  1 1  is  to  be  diminished  in  the  ratio  of  37  :  64,  and  then  of  5  :  14. 

ft*.  4.  A  certain  quantity  of  provisions  lasts  170  men  for  3  months;  how  much  Is  re- 
quired for  210  men  for  2  months  ? 
(2.)  170  :  1  (whole)  ::  210  :  jr  -  210+170.    And  y  :  210+170  ::  3  !  *. 
(3.)  The  quantity  is  to  be  increased  in  the  ratio  of  210  :  170,  and  diminished  in  the  ratio 
of  2  :  3. 

Bx.  3.  A  steam-vessel  has  fuel  for  steaming  13  days  at  11  hours  a-day ;  how  much  must 
she  take  to  steam  15  days  at  18  hours  a-day  ? 
(3.)  The  fuel  must  be  increased  in  the  ratio  of  15  I  13,  and  then  of  18  :  11.    \\  *  Jf  - 
fl|,  which  is  ijjj,  or  itf  nearly,  or  nearly  doubled. 

Bx.  6.   Three  boats   (ill    16   tons   of  water  in  7  hours ;  how  many  boats,   at  tb*  «anv. 
average  performance,  will  fill  78  tons  in  10  hours  ? 
(1.)  3  boats  fill  16  tons  in  7*,  or  }  of  16-  2*3  tons  m  i\  and  23  tons  in  10  hours.    Then, 
since  23  tons  employs  3  boats,  1  ton  employs  &  of  1  Doat»  ^  7s  ton*  "*D 

employ  - -  or  10*2  boats. 

^2.)  7» :  16 1. ::  ic* :  jr  tons  (-22-9;      22-9 t. :  3  b. ::  78 1. :  10-2  b. 

(3.)  3  is  to  be  mcretsed  in  the  ratio  of  16  ;  78,  and  then  limlnishcd  in  the  ratio  of  10 :  f. 
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2.  Inverse  Proportion. 

62.  In  direct  proportion,  as  we  have  seen,  more  is  always  fol- 
lowed by  more,  and  less  by  less.  But  when  the  nature  of  the  ques- 
tion is  evidently  such  that  more  will  be  followed  by  less,  or  less  by 
more,  the  proportion  is  no  longer  direct.  For  example,  if  5  men  do 
certain  work  in  4  days,  in  how  many  days  will  7  men  do  the  same 
work!  Here  it  is  evident  that  the  greater  number  of  men  will 
require  less  than  4  days.  Again,  if  a  ship  £oing  8  knots,  sails  a 
certain  distance  in  5  hours,  it  is  evident  that,  if  she  goes  at  a  greater 
rate,  she  will  perform  the  same  distance  in  less  than  5  hours. 

53.  In  a  question  of  work  performed,  the  result  is  represented  by 
the  number  of  agents  multiplied  by  the  time  each  works;  thus,  6x5 
or  30,  represents  the  labour  of  6  agents  working  for  5  hours,  the  unit 
of  work  being  that  performed  by  1  man.  If  now,  the  work  remain- 
ing the  same,  we  double  the  number  of  agents,  we  shall  obviously 
halve  the  time,  since  12  men  will  do  the  work  of  6  in  half  the  times, 
and  12x2|=30.  Or,  again,  trebling  the  number  of  agents,  gives 
18  x  ^  of  5,  or  18  x  f  «30.  That  is,  while  one  factor  of  a  given  pro- 
duct is  increased  in  the  ratio  of  3 : 1,  the  other  must  be  diminished  in 
the  ratio  of  1 :  3,  which  last  ratio  contains  the  same  terms  as  the 
other,  but  in  a  reverse  or  inverted  order.  The  four  numbers  consti- 
tuting two  equal  products  are  hence  said  to  be  in  inverse  proportion 
to  each  other 

In  the  example,  No.  52,  the  number  of  men  is  increased  in  the 
ratio  of  7 : 5,  and  the  time  is  accordingly  to  be  diminished  in  the  ratio 
of  6 : 7  ;  hence  4  days  becomes  4  x  4,  or  24  days. 

[1].  Rule  qf  Tkrtt  Inverse. 

54.  In  regard  to  the  solution  of  these  questions : 

(1.)  In  the  method  of  unity,  the  consideration  of  inversion  does 
lot  present  itself. 

(2.)  As  a  question  of  proportion,  the  solution  may  be  effected 
thus.  Suppose  the  proportion  were  direct,  then  (example  above, 
keeping  the  antecedents  and  consequents  in  their  given  order) 
5  men :  4  days : :  7  men :  x  days.  Now,  we  require  a  direct  comparison 
between  the  number  of  men  in  the  two  cases,  and  the  times  in  the 
*wo  cases ;  hence  we  alter  this  to  5  men  :  7  men  : :  4  days  :  x  days. 
But  this  would  give  x  greater  than  4,  as  7  is  greater  than  5,  whereas 
we  know  it  must  be  less ;  hence,  inverting  the  last  two  terms,  gives 

6 :  7: :  x :  4,  or  7 : 5 : :  4  :  x  «-^-=— ,  or  2$  days.     Hence  the  pro* 

cess  (which  is,  perhaps,  as  little  liable  to  mistake  as  may  be  expected 
m  a  question  of  some  perplexity),  is,  1,  to  write,  in  the  form  of  a 
direct  proportion,  the  riven  antecedents  and  their  consequents;  2, 
to  close  terms  of  like  denomination ;  3,  to  invert  the  last  two  terms, 
and  then  to  find  the  unknown  term. 

Ei.  I.    If  7  men  do  certain  work  in  4  dayt,  in  how  many  days  will  10  mend&lt? 
( 1.)  7  men  in  4  daya  if  1  man  In  2I  days,  and  10  man  m  i*t  daya. 
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{%)  Direct  form,  7  men  I    Ad.::  10  men  I  dayt  required. 

Liketetms,    7  :  to      ::    4         :  days  required. 

Inverting,      7  :  10       ::  d.  req.  :  4.  Am.  j. 1  daft 

(3  )  It  if  evident  that  4  is  to  be  diminished  in  the  ratio  of  7  to  10. 

R*  2.    If  17  men  do  certain  work  in  14  days,  how  many  men  will  do  the  tame  work  la  4  daft? 
(1.)  27  men  in  14  days,  it  1  man  in  37S  dayt ;  and  37S  +  4  gives  94J  men. 
(2.)  Direct  form,    27  m.  :  14  d.  : :  men  req.  :  4  d. 

Closing  like  terms  and  inverting,  men  req.  •  27  k  14+4*944  men. 
(3.)  17  it  to  be  mcreased  in  the  ratio  of  14  :  4. 

R<-.  3.    If  12  men  do  certain  work,  working  4  hours  a-day ;  how  many  men  will  it  take  to  do 
the  same  work,  working  7  hours  a-day  ? 

(I.)  12  men  in  4  h.  is  48  men  in  1  h.,  and  V  in  7  bows,  or  7  men  nearly. 
(2.)  Direct  form.     12  m.  I  4  h.  ::  men  required  I  7  h. 

Closing  like  terms  and  inverting,  12  x  4+7*7  men  nearly. 
(3.)  12  is  to  be  diminished  in  the  ratio  of  4  I  7. 

Rt.  4.    Certain  tons  of  fuel  last  a  steam-vessel  1 1  days,  steaming  4  hours  a-day ;  how  km* 
will  they  last  steaming  6|  hours  a-day  ? 

(1.)  4  h-  for  1 1  d  is  at  the  rate  of  1  h.  a-day  for  44  d«,  and  therefore  6|  h.  for  44 +6^ 

or  88+ 13,  which  it  6*77  d.,  or  6  d.  i8|  h. 
(2.)  Direct  form,  11  d.  :  4  h.  ::  x  dayt  I  61  h. 

Closing  like  terms  and  inverting,      jt— 44+6|»6'7/  d. 
(3.)  Here  1 1  days  is  to  be  diminished  in  the  ratio  of  4  to  64. 

Rs.  ft.    A  certain  quantity  of  fuel  lasts  a  steam- vessel  12  dayt,  steaming  day  and  night ;  how 
long  will  it  last  steaming  14  hows  a-day  ?  Ans.  2of  days. 

R».  $.    A  pump,  A,  empties  a  cistern  in  3  hows ;  another,  B,  in  2}  hours ;  in  what  time 
will  they  empty  it  both  working  together  ? 

(1.)  In  ik,  A  empties  |  of  it,  and  B  empties  i-i-aj,  or  i+f,  which  is  f.    Hence  in  1* 
both  together  empty  }  +  },  or  J.    8uppose,  for  greater  convenience,  the  cistern  to 
hold  10  tons ;  then  in  ik  both  empty  7  tons,  or  s  ton  in  ih+T,  or  ikx^,  —  £  oi 
ih,  which  is  10  tons  in  f  of  ik,  or  i$k. 
(2.)  8tating  tLe  question  directly,  we  should  say, 

J  +  |  (—{)  ;  the  whole,  or  1  ::  time  required  :  ik. 
But,  the  greater  the  fraction  representing  the  hourly  work  done,  the  smaller  mutt 

be  the  time  required  for  any  given  quantity  of  work. 
Hence  | 1  1  ::  ik  I  time  required  -f  of  ik. 

(3.)  Here  ikv  in  which  the  fraction  { is  done,  is  obviously  to  be  increased  in  that  ratio 
which  will  torn  {  into  1,  or  the  whole;  and  this  ratio  is  f,  for  f  x|— 1. 


Re.  7.    A  can  do  certain  work  in  8k,  and  B  the  same  work  in  6*  1  in  what  time  will  they 
both  complete  it  together  ? 

(1.)  In  ik  A  does  1,  and  B  },  hence  both  together  |  +  1,  or  A.  Let  the  work  be  repre. 
tented  by  10,  then  in  ik  both  do  Jf ,  and  therefore  they  do  the  unit  of  work  in  ik  <*-£ 
or  ft  of  i*.    Hence  they  do  the  whole  in  10  x  ty-y  of  i\  or  3|». 

(2.)  Direct  form,      |+1  I  1  (whole)  ::  time  required  :  i»  -  •/. 

(3.)  ik  b  to  be  increased  in  the  ratio  of  24  :  7. 

Rx.  9.    Five  pumps  empty  a  cittern  in  13  hours;  how  many  mast  be  put  on  to  empty  It  to 
3|  hours? 
(1.)  1  pump  In  65  hours  gives  iS*6  in  3)  hours. 
(2.)  5  p.  :  13*  ::  m  :  3|k.    Ultimately,  #-5  m  1^3-5. 

(3.)  5  it  to  be  increased  in  the  ratio  of  13  :  3,. 


1st.    Four  pumps  empty  a  cietarm  hi  iokwi|  km  long  will  7  tneb  pumps  take? 

Ana.  ♦o+7«Sb7i 
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It.  10.    A  certain  quantity  of  bread  lasti  no  men  si  days;  how  long  will  it  bat  74  men? 
(1.)  21  d.  (or  no  men  is  1  d.  for  1310  men,  and  2310-1-74  give*  31*2  days. 
(2.)  Direct  form,  no  m.  :  21  d.  ::  74  m.  :  m  d. 

Closing  like  terms  and  mrerting,  #«2i  x  110^74*31*2  days. 
(3.)  It  is  evident  that  21  is  to  be  increased  m  the  ratio  of  no  ;  74. 

Bx.  11.    A  quantity  of  bread  lasts  a  ship's  crew  21  days  at  four-fifths  allowance ;  how  leaf 
will  it  last  at  two-thirds  allowance  ? 

(1.)  f  lasts  21  d.,  I  will  last  4x21  or  84  days,  and  f,  or  whole  allowance,  f  or  i6*i 
days.  Hence  \  allowance  will  last  3  x  i6*S  d.,  or  50-4  <L,  ana  ],  one  half  of  this, 
or  25*2  days. 

(2.)  f  :  21  ::  I  ::  lequired  days. 

Closing  and  inverting,  days  required  —11  x  |h-]— 25  2  days. 

(3.)  21  days  are  to  be  increased  in  the  ratio  of  f  :  |,  that  is  21  xf+j. 

Bx.  12.    If  it  takes  54  yds.  at  |  of  a  yard  wide,  to  cover  a  surface  1  how  many  yards  wiR  si 
take  at  §  of  a  yard  in  width? 

(1.)  $4  yds.  at  |  wide  is  3  x  54,  or  162  yds.  at  \  wide,  or  40*5  yds.  at  1  yd.  wide. 

This  is  5  x  40*5  or  202*5  yds.  at  \  wide,  and  }  of  this,  or  50*62  yds.  at  }  wide. 
(2.)  Direct  form,  54  yds.  :  |  width  ::  yds.  req.  :  J. 

Closing  like  terms  and  inverting,  yds.  req.  »  54  x  f -t-}-»  50*62  yds, 
(3.  J  Here  54  is  to  be  diminished  in  the  ratio  of  |  :  {,  or  of  15  :  16. 

[2.]  D01M*  Jt*U  «/  TStrst,  /averse. 

55.  As  the  inversion  arises  from  a  product  remaining  constant 
while  both  factors  vary,  questions  of  this  kind  may  be  solved  directly 
by  taking,  in  each  of  the  two  proportions  necessary,  those  terms  only 
which  are  directly  proportional  to  each  other.  For  example,  in  a 
question  of  agents,  work,  and  time,  the  first  proportion  woula  include 
work  and  time,  and  the  second,  agents  and  work. 


ill.  Logarithms. 

56.  These  are  numbers  calculated  for  the  purpose  of  converting 
multiplication  into  addition,  and  division  into  subtraction. 

1.  Use  of  Logarithms. 

57.  Every  logarithm  consists  of  two  parts,  the  index  and  the 
decimal  part;*  thus,  in  the  logarithm  2*80ol8,  the  index  is  2,  and 
the  decimal  part  -80618. 

58.  To  find  the  Logarithm  of  a  given  number.  Find  in  the  Table 
of  Logarithms  of  Numbers  the  decimal  part  (for  which  see  also  the 
Explanation  of  that  table) ;  and  then  apply  the  index  by  one  of  the 
two  following  rules: — 

(1 .)  When  the  number  consists  of  a  whole  number,  with  or  with- 
out decimals,  the  index  is  1  less  than  the  number  of  figures  in  the 
whole  number. 

*  This  part  is  also  sailed  the  mantisuu 
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Ex.  1.    Find  the  log.  of  $*u 

Against  5*2,  in  the  Table,  stands  -717671 1  then,  since  there  aie  three  figures  in  51*,  the 
index  is  a ;  hence  the  log.  u  1*717671. 

Ex.  2.    Find  the  log.  of  5-1*. 

The  log.  of  512  is  0*717671,  because  there  b  one  figure  in  the  whole  number,  and  one 
less  than  1  is  o. 

(2.)  When  the  number  consists  of  decimals  only,  count  the  number 
of  ciphers  between  the  decimal  point  and  the  first  significant*  figure 
after  it,  and  subtract  this  number  from  9;  the  remaiuder  is  the 
index. 

Ex.  1.    Find  the  log.  of  •005814. 

The  decimal  part  of  5814  is  '764475 ;  there  are  two  ciphers  before  the  5,  which  2  takes 
from  9  leaves  the  index  7 :  hence  the  log.  is  7*764475. 

Ex.  2.    The  log.  of  '5814  is  97644751  for  the  number  of  ciphers  before  the  '5  is  nothing 
which  leaves  9  for  the  index. 

69.  To  find  the  natural  number  of  a  given  Logarithm.  Look  for 
the  decimal  part  of  the  given  log.  in  the  body  of  the  table,  and  take 
out  the  number  from  the  side  column  and  top. 

To  place  the  decimal  point.  Add  1  to  the  given  index  of  the 
log.,  and  mark  off  to  the  left  this  number  of  figures ;  these  will  be 
whole  numbers ;  the  rest,  if  any,  will  be  decimals. 

If  the  index  is  9,  out  the  dot  before  the  first  figure;  if  it  is  8, 
prefix  one  cipher  to  tne  first  figure,  and  place  the  dot  before  the 
cipher ;  if  it  is  7,  prefix  two  ciphers,  and  so  on.f 

Ex.  1.    Find  the  number  to  the  log.  1*717671. 

The  number  (to  4  places)  to  717671  is  5x10 :  adding  1  to  the  index  1,  ghee  a,  which, 
marked  off  to  the  left,  gives  52*2,  the  number  required. 

Ex.  2.    Find  the  number  to  the  log.  8*5813!!. 

The  number  to  58138 1  is  3814 ;  prefixing  one  cipher  gives  '038 14,  the  number  required. 

When  the  number  exceeds  four  figures,  see  the  explanation  of 
the  table. 

60.  In  using  logarithms,  it  is  proper  to  observe  that  the  number 
(whether  it  contain  decimals  or  not),  and  the  decimal  part  of  the 
logarithm,  are  in  general  true  to  the  same  number  of  figures,  re- 
jecting  prefixed  ciphers  {  thus,  for  instance,  the  log.  3*7575  corre- 

3»nds  to  the  number  57*21,  and  the  log.  3*7576  to  5722,  nearly.     So 
so,  8-7575  to  -05721,  and  8*7576  to  05722. 
This  remark  should  be  kept  in  view,  because  it  is  mere  waste  of 
time  to  employ  more  figures  than  are  required  to  insure  a  certain 
degree  of  precision  in  the  result. 

*  That  is,  the  first  figure  not  a  cipher. 

f  As  the  index  of  the  log.  is  1  less  than  the  number  of  figures  in  the  natural  number 
Itself,  it  would  follow  that  the  index  of  *3814  (for  example)  in  which  there  are  no  significant 
figures,  would  be  1  less  than  nothing,  the  meaning  of  which  is,  that  such  a  log.  is  reckoned  on 
the  opposite  direction  from  a  certain  point,  which  need  not  here  be  further  discussed.  The 
index  of  such  a  log.  is  called  negative  t  and  as  this  is  embarrassing  to  beginners,  10  is  added 
to  the  index  0,  whereby  1  less  gives  9.  But  9  is  the  index,  properly,  of  a  number  consisting 
ef  10  figures;  however,  as  we  have  no  such  numbers  to  deal  with,  the  ambiguity  of  the 
Joubl*)  meaning  it  not  experienced. 
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61.  The  remark  (No.  35)  applies  also  to  logarithms  *  thus,  for 
example,  if  we  propose  to  use  only  four  figures  of  the  log.  -881385, 
we  write  -8814,  which  is  evidently  nearer  to  -881385  than  -8813 
would  be.  Again,  if  we  take  four  figures  of  -881343,  we  write  a881 3. 

62.  To  find  the  arithmetical  complement  of  any  number  or 
logarithm* 

Take  every  figure  from  9,  except  the  last,  which  take  from  10. 
It  is  necessary  to  begin  at  the  left. 

Km.  1.    Find  the  irith.  eo-np.  of  1*87043         1  Ex.  t.    Find  th»  arith.  oomp.  of  0*91350 
with.  oomp.  log.  required  8*12957         |  arith.  oomp.  log.  9*08650 

63.  A  subtractive  quantity  is,  by  this  means,  made  additive 
The  process  is  equivalent  to  subtracting  the  number  from  10,  and 
the  reason  of  it  is  evident  on  considering  that  to  add  3,  for  example, 
and  subtract  10,  is  the  same  as  to  subtract  7.  In  like  manner,  in- 
stead of  subtracting  47m  32s,  for  example,  we  may  add  12*  28*  (the 
complement  to  60),  provided  we  subtract  1  hour  (or  60) ;  and  thus 
any  number  of  quantities,  of  which  some  are  additive  and  some  sub* 
tractive,  may  be  rendered  all  additive,  provided  that  the  larger 
numbers  which  are  employed  in  taking  the  complements  be  them- 
selves subtracted. 

2.  Certain  Arithmetical  Operations  by  Logarithms. 
[1*] 


64.  To  multiply  numbers  together,  add  their  logarithms  together; 
the  sum  is  the  logarithm  of  the  product  required. 


Mm.  1.    Multiply  530*9  by  17**1. 

53°'9  **•  V7*S°i3 

17*12         log.  1*434888 

««».i445»-  kS-4-159901 


Ex.  2.    Multiply  '079  by  3*141. 
•079  log.  8*897617 

3142  log.  0*497106 

Ant.  02481  log.  9-394*33 


[2.]  Division. 

65.  From  the  log.  of  the  dividend  subtract  the  log.  of  the  divisor; 
the  remainder  is  the  log.  of  the  quotient  required. 

If  the  logarithm  of  the  dividend  is  the  lesser  of  the  two, 
its  index  by  10. 

to.  1.    Divide  4280  by  365.  Ex.  2.    Divide  69*3  by  71*7. 


4*80  log.  3*6 J 1444 

365  log.  1*561293 

11*73  •<>*•  1*069151 


69*3    log.  (+10)  1*84073$ 

71-7  log.  1-855519 

Am;  0*9665.         log.  9*985214 

[3.]  Involution. 

66.  Involution  is  the  process  of  multiplying  a  quantity  by  itself: 
the  quantity  thus  multiplied  is  said  to  be  raised  to  a  power. 

67.  The  first  power  is  the  number  itself.  The  second  power  is 
Che  number  multiplied  by  itself;  this  is  also  called  the  square.  'Pie 
third  power  is  the  number  agaiu  multiplied  by  itself;  this  is  also 
flailed  the  cube. 
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The  number  or  quantity  to  be  raised  to  a  power  is  called  the  root ; 
the  ouinber  which  indicates  the  power  to  which  the  quantity  is  raised 
is  called  the  index. 

68.  To  square  a  number.  Multiply  the  log.  of  the  number  by  2; 
the  product  is  the  log.  of  the  number  required. 

When  the  number  is  a  decimal  fraction,  subtract  the  index  (after 
being  doubled)  from  10  multiplied  by  2  (or  20),  diminish  the  re- 
mainder by  1,  and  prefix  the  number  of  ciphers  indicated  by  this 
remainder  to  the  number  corresponding  to  the  logarithm. 

Ex  2.    Square  '059a* 

•059a  log.  S-77*J» 

Aim.  -003505  lof.  17-54464 

17  from  *o  lows  j;  fafoctfa*  1  giret  %\ 
a  ciphers  are,  therefore,  prefixed  to  3505. 

69.  To  cube  a  number.  Proceed  by  the  above  rule,  only  reading 
3  for  2,  and  30  for  20.  In  like  manner,  to  raise  a  number  to  the 
fourth  power,  read  4  for  2,  and  40  for  20,  and  so  on. 


Ex.  1.    Square  11*39. 

11*39  log.  1*093071 


153*5-  *>&•  2*186142 


[<0 

70.  Evolution  is  the  reverse  of  involution,  and  is  the  process  of 
finding  that  number  which,  multiplied  by  itself  a  certain  number  of 
times,  will  produce  the  given  number. 

This  number  is  called  the  root  of  the  given  number. 

71.  To  extract  the  square  root  of  a  number.  Divide  the  log.  of 
the  given  number  by  2,  the  quotient  is  the  log.  of  the  square  root 
required. 

When  the  given  number  is  a  decimal  fraction  (that  is,  when  the 
index  of  its  logarithm  is  9,  8,  7,  &c),  increase  the  index  by  10. 


Ex.  1.    Fiad  the  square  root  of  1*535. 

>*535  **•  o*iS6io8 

*)o*iS6ioS 
1  *J9  8q.  root  req.  0*093054 


Ex.  t.    Rad  the  square  root  of  "003505. 
•003505  log.  7*544*9 


»)i7'544*9 
0*0592  8q.  root  req.       S*77*34 


72.  To  extract  the  cube  root.  Proceed  by  the  above  rule,  only 
reading  3  for  2,  and  20  for  10.  To  extract  the  fourth  root,  read  4 
for  2,  and  30  for  10,  and  so  on  for  other  roots. 


IV.  Practical  Geometry. 

1.  Definitions. 

73.  Geometry  is  the  name  of  that  science  which  relates  to  the 
measures  of  space. 

A  problem  is  something  required  to  be  done. 
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Parallel  limbs  are  lines  so  placed  that  the  shortest  distance 
between  them  is  every  where  the  same,  as  A B,  CD.  Such  lines 
evidently  never  meet 


A- 


74.  A  circle  is  a  figure  bounded  by  a  curve  line  called  the  cb  • 
cmmferemce*  of  which  every  point  is  at  the  same  distance  from  a 
point  within,  called  the  centre*  Thus,  A  B  D  is  a  circle,  and  C  the 
centre. 


76.  The  circumference  is  divided  into  360  equal  parts,  called 
degree*,  written  thus,  360° ;  each  degree,  into  sixty  equal  parts,  called 
minutes  (600 ;  each  minute  into  sixty  seconds  (6(f) ;  and  also  each 
second,  into  sixty  thirds  (60").  Example,  11°  19*  46",  eleven  de- 
grees, nineteen  minutes,  forty-six  seconds. 

76.  The  circumference  is  also  divided  into  32  equal  portions  of 
11°  15'  each,  called  points  of  the  compass.  These  are  again  subdi- 
vided into  half  points  and  luarter-pomts.  The  term  point  is  used 
indifferently  for  the  arc  of  11°  lt/f  and  for  a  mere  point  of  division 
of  the  circumference. 

77.  A  straight  line,  A  B,  drawn  through  the  centre,  divides  the 
figure  into  two  equal  parts,  called  semicircles,  as  A  D  B,  AEB. 
The  half  circumference  measures  180°. 


78.  1  he  line  A  B  is  called  the  diameter  :  it  is  evidently  equal  to 
twice  the  distance  from  the  centre,  C  A,  which  is  called  the  radius. 


*  In  common  language,  circle  and  cireamferenc*  are  often  used  indifferently  the  one 
the  other,  bat  eircle  b  propertr  the  wr/act  or  are*  of  the  figure  included  within  the  cure* 
vciaoe. 


Sir 
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19.  If  another  diameter,  D  E,  cross  this,  and  divide  each  semi- 
circle into  two  equal  parts,  the  four  equal  parts,  A  D,  B  D,  B  E, 
E  A,  are  called  quadrants,  and  each  of  such  portions  of  the  circum- 
ference measures  90°. 

80.  Any  portion  of  the  circumference  is  called  an  arc,  and  the 
line  joining  its  extremes  is  called  a  cAorrf:  thus  the  line  B  F  is  the 
chord  of  the  arc  B  F. 

81.  An  angle  is  the  inclination  of  two  straight  lines  to  each 
other;  that  is,  the  difference  of  the  directions  in  which  they  lie:  thus 
A  B  C,  or  B,  is  the  angle  contained  by  the  two  lines  B  A,  B  O 
which  are  called  the  legs. 


An  angle  is  not  changed  by  increasing  or  diminishing  the  length 
of  the  legs,  because  the  Length  of  these  lines  has  nothing  to  do  with 
the  directions  in  which  they  lie. 

82.  Since  in  describing  a  circle  the  radius  moves  round  the  centre 
C,  exactly  as  the  point  of  the  compasses  advances  on  the  circumfe- 
rence, the  angle  ACBu  measured  by  the  number  of  degrees  in  die 
arc  A  B. 


83.  The  arc  A  B  is  said  to  subtend  the  angle  A  C  B. 

84.  An  angle  of  90°,  as  A  C  D  (fig.  in  No.  77),  which  is  sub- 
tended by  a  auadrant,  as  A  D,  is  called  a  right  angle.  A  circle  con- 
tains four  rignt  angles,  a  semicircle  two. 

86.  The  angles  A  CD,  BCD,  being  each  90°,  are  equal;  and 
C  D,  which  makes  these  adjacent  angles  equal,  is  said  to  be  perpen- 
dicular to  A  B. 


86.  The  difference  between  an  angle  and  90°  is  called  its  comple- 
ment ;  the  difference  to  180°  is  called  its  supplement* 
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A.n  angle  less  than  90°  is  called  acute,  as  A. 
Aii  angle  greater  than  90°  is  called  obtuse,  as  B. 


87.  A  plans  triangle  is  a  figure  contained  by  three  straight 
lines. 

When  the  three  sides  are  ecpal,  the  triangle  is  called  equilateral; 
when  two  of  them  are  equal,  it  is  called  isosceles. 

88.  When  one  of  the  angles  is  90°,  the  triangle  is  said  to  Ye  right  - 
angled;  when  each  angle  is  less  than  90°,  it  is  said  to  be  acute-angled; 
when  one  is  greater  than  90°,  it  is  said  to  be  obtuse-angled. 

Triangles  that  are  not  right-angled  are  called  in  general  oblique- 
angled. 

89.  In  a  right-angled  triangle,  as  A  BC,  the  side  AC,  opposite 
the  right  ancle  is  called  the  hypotkenuse;  one  of  the  other  sides,  as 
BO  called  the  base ;  and  the  third  side,  A  B,  the  perpendicular. 


90.  A  sphbrb,  or  globb,  is  a  solid  figure  bounded  by  a  curve 
lurfaee,  of  which  every  point  is  at  an  equal  distance  from  the  centre. 

2.  Geometrical  Problems. 

91.  The  instruments  necessary  in  constructing  the  figures  in 
these  problems  are,  a  pair  of  compasses  and  a  straight  edge  of  any 
kind,  as  of  a  ruler,  or,  when  such  cannot  be  had,  the  back  of  the  fold 
made  by  doubling  a  piece  of  thick  paper.  Also  the  parallel  rulers 
are  convenient.  These  may  be  of  the  common  form,  which  needs 
no  description  here,  or  those  called  Marquoi's  Rulers.* 

92.  Tne  accuracy  of  a  straight  edge  is  tested  thus.  Draw  a  line 
with  a  fine  pointed  pencil,  or  steel  pen,  along  the  edge,  between  twe 
points  near  the  extremities.  Then  turn  the  ruler  over  and  draw 
another  between  the  same  two  points :  if  the  edge  is  perfect,  the  two 
Lines  will  appear  as  one ;  if  not,  there  will  be  a  space  between  them. 


•  Theaelsatomsisttfarlt^t-angJwitrian^  and* 

Set  rate  eomewhat  longer  fan  the  hypothemise  of  the  triangle,  both  of  the  nme  thickness. 
By  sliding  the  triangle  along  the  edge  of  the  rote,  which  is  kept  fixed,  tiro  aidea  of  it  more 
parallel  to  themselves.  Thia  parallel  motion  ia  perfect,  which  la  not  always  the  case  with  tha 
eomsnon  parallel  rulers,  especially  alter  long  nee ;  and  besides  this,  the  triangle  being  rignV 
ajsgled,  dispenses  with  the  trouble  of  drawing  perpendiculars  by  points. 
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93.  Problem.  To  draw  a  line  through  a  given  point  parallel  to 
another  line. 

C  is  the  given  point,  A  B  is  the  line. 

Take  the  shortest  distance  from  C  to  A  B  in  the  compasses ;  set 
one  foot  on  A  B  as  at  B,  and  describe  a  small  arc ;  then  the  line 
drawn  through  C,  so  as  to  touch  this  arc,  is  the  line  required 


■? — — 

A  » 

*M.  Problem.  To  draw  a  line  parallel  to  another  line  at  a  given 
distance  from  it. 

A  B  is  the  line,  C  D  the  given  distance. 

Take  C  D  in  the  compasses,  place  one  foot  near  each  end  of  A  B, 
and  describe  two  arcs ;  the  line  drawn  touching  these  arcs  is  the  line 
required. 


7=^ 
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95.  Problem  .  At  a  given  point  in  a  line  to  make  an  angle  equal 
to  a  given  angle. 

P  is  the  point  in  the  line  P  Q ;  A  is  the  given  angle.  From  the 
centre  A,  with  any  convenient  radius  (the  longer  the  more  accurate), 
describe  an  arc,  CB;  from  the  centre  P, with  the  same  radius,  A  B. 
describe  an  arc,  D  E ;  take  the  distance  from  C  to  B  in  the  com- 
passes, and  put  one  foot  on  D  and  the  other  on  the  arc  at  F,  and 
join  P  F :  then  the  angle  F  P  D  is  equal  to  B  A  C,  their  measures, 
V  D  and  B  C,  being  the  same. 


96.  Problem.  From  a  point  M,  in  a  straight  line  A  M,  to  draw 
a  perpendicular  to  it  (fig.  p.  26). 

(1.)  Draw  a  straight  line  any  where,  and  set  off  by  the  compasses 
5  equal  parts  upon  it.  With  3  of  these  parts  in  the  compasses,  as 
radius,  describe  from  M,  as  a  centre,  an  arc  at  I ;  theu  lay  off  4  parts 
from  M  to  A ;  with  5  parts,  as  radius,  describe  from  the  centre  A  an 
are  cutting  the  former  arc  at  I ;  join  I  M :  this  is  the  perpendicular 
required. 
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1  lie  following  methods  are  also  used  : 
(2.)  When  the  point  M  is  at  or  near  the  end  of  the  line. 
Take  a  point  P,  such  that  a  line  supposed  to  join  P  and  M  may 
make  the  angle  P  M  A  about  45° ;  and  from  P  as  a  centre,  with  the 
radius  P  M,  describe  a  small  arc  I,  and  another  opposite,  as  K , 
draw  the  line  I  P  K,  and  join  the  point  where  it  crosses  the  arc  K 
with  M.    K  M  is  the  perpendicular  required. 


(3  )  When  the  point  M  is  not  near  the  end  of  the  line. 

Take  two  points  P,  B,  at  equal  distances,  from  M,  and  at  P  and  B 
as  centres  with  a  radius  exceeding  P  M,  describe  two  arcs,  catting 
each  other  at  I ;  join  I  M.    This  line  is  the  perpendicular  required. 


x. 


97.  Problem.  From  a  given  point  without  the  line,  as  C,  to 
draw  a  perpendicular  to  it. 

(1.)  When  the  point  is  nearly  opposite  the  middle  of  the  line. 

Take  in  the  compasses  a  distance  exceeding  the  distance  from  C 
to  the  line ;  and  from  C,  as  a  centre,  describe  an  arc,  D  £ ;  then,  fronr. 
D  and  E  as  centres,  with  a  convenient  radius,  describe  two   arc* 


cutting  each  other  at  I. 


C I  is  the  perpendicular  required. 
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(2.)  When  the  given  point  is  towards  the  end  of  the  line. 
Take  a  point  P  as  centre,  and  with  P  C  as  radius  describe  an  arc 
CD.    "  .      ..    ~~ 

describe 
required. 


Take  another  poiut  Q  as  centre,  and  with  QC  as  radius 
e  another  arc  cutting  C  D  in  I.     C  I  is  the  perpendicular 


98.  Problem  To  bisect  a  line  A  B,  or  to  divide  it  into  two 
equal  parts. 

Take  in  the  compasses  a  distance  exceeding  half  the  line,  and 
from  A  and  B,  as  centres,  describe  two  arcs.  The  line  I K,  joining 
the  points  of  their  intersection,  divides  the  line  A  B  into  two  equal 
parts,  A  M,  M  B. 


99.  Problem.  To  divide  a  line,  A  B,  into  any  proposed  number 
of  equal  parts,  as  five,  for  example. 

l)raw  a  line  A  C,  making  about  half  a  right  angle  with  A  B. 
Draw  another  line,  B  D  parallel  to  A  C.     On  A  C  and  B  D  lay  otf 
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live  ctjual  parts;  join  the  points  I  and  4,  2  and  3,  &c;  these  linec 
will  divide  A  B  into  5  equal  Tarts. 

c 


■A  \  \ 


In  like  manner,  the  line  might  be  divided  into  any  other  number 
of  equal  parts. 

'00,  Problem.    To  bisect  an  arc  A  B,  or  an  angle  A  C  B. 


from  the  points  A  and  B,  as  centres,  with  a  radius  exceeding 
half  the  distance  A  B,  describe  two  arcs  cutting:  each  other  in  I,  ana 
draw  the  line  C I ;  C I  bisects  the  arc  A  B,  ana  the  angle  A  C  B.  If 
the  angle  alone  is  given,  and  not  the  arc  subtending  it,  describe  this 
arc  from  C  as  a  centre,  with  any  convenient  radius. 

101.  Problem.    To  divide  a  circle  into  2,  4,  6,  &c.  equal  parts. 

Draw  the  diameter  A  B ;  this  divides  the  circle  into  two  equal 
parts.  From  A  and  B,  as  centres,  with  a  radius  exceeding  half  A  B, 
describe  the  arcs  I  and  K,  cutting  each  other  above  and  below  A  B ; 
join  IK:  the  line  E  D  is  a  diameter  crossing  A  B  at  right  angles,  and 
dividing  the  circle  into  the  four  auadrants,  A  E,  EB,  B  D,and  D  A* 
Bisect  the  arc  A  D  (No.  100) ;  araw  the  diameter  through  C :  this 
will  bisect  B  E  also.  Bisect,  in  like  manner,  B  D  and  A  E.  The 
eircle  is  now  divided  into  8  equal  parts,  of  4  points  each ;  bisecting 
these  last  arcs  divides  the  circle  into  16  ?  qua!  parts,  of  22° J  each  * 
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And  again  bisecting  these  divides  it  into  the  32  poinU  of  the  compass 


0/ 11°}  each. 


Au  arc  is  divided  into  a  number  of  parts  not  divisible  by  2,  as  into 
3,  5,  7,  &e.  parts,  by  trial. 

102.  Problem.     To  find  the  centre  of  a  circle,  or  circular  arc. 

Take  two  points,  as  A B,  on  the  circumference,  and  join  them; 
bisect  the  line  A  B  (No.  98),  and  at  the  middle  point  draw  a  per- 
pendicular (No.  96,  3d).  Take  a  third  point,  D,  join  it  with  B; 
bisect  the  line  B  D,  and  draw  a  perpendicular  at  the  middle  point. 
1  he  two  perpendiculars  will  cross  at  the  centre. 


103.  Problem.     To  draw  a  circle  through  three  given  points. 
Suppose  the  three  points  to  lie  in  a  circle,  and  proceed  to  find 

tbr  centre  as  above. 

It  is  easy  to  see  that  however  three  points  may  be  placed,  some 
one  circle  will  always  pass  through  them ;  for  an  infinite  number  of 
circles  may  be  drawn  passing  through  two  points,  and  therefore  some 
one  of  these  must  likewise  pass  through  a  third  point  wherever 
situated. 

3.  U&Tand  Construction  of  the  Scales. 

104.  These  are  flat,  thin  pieces  of  brass,  ivory,  or  wood  divided 
into  certain  portions  by  lines,  and  serve  for  measuring  or  laying  otf 
lir  e»  or  distances,  and  angles. 
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The  common  scale  of  equal  parts  lias  generally  on  one  side  four 
or  fi?e  different  scales  for  different  measures,  on  each  side  of  which 
one  division  is  subdivided  into  10  equal  parts. 

105.  In  the  diagonal  scale,  the  shorter  lines  dividing  the  length 
into  equal  portions  (units)  are  crossed  perpendicularly  by  10  others 
extending  the  length  of  the  scale.  The  end  division,  or  unit,  has  its 
upper  and  lower  edge  subdivided  into  10  equal  parts,  and  diagonal 
lines  are  drawn  from  the  beginning  of  one  division  to  the  end  of  the 
opposite  one.  This  effects  a  further  subdivision  by  10,  as  an  example 
will  shew.  To  take  the  No.  5*28  from  this  scale  by  the  compasses. 
Set  one  foot  at  5,  and  the  other  at  the  second  line  on  the  lower 
edge  of  the  subdivided  unit, — this  gives  5*2.  Now  follow  up  the 
diagonal  line  at  the  '2  to  the  eighth  of  the  long  parallel  lines,  and, 
fixing  the  point  there,  extend  the  other  point  to  meet  the  line  which 
rises  at  5,  crossing  the  breadth ;  and  the  number  is  taken. 

The  same  process  serves  for  tens  and  units,  as  for  units  and  tenths, 
and  so  on :  thus  the  No.  52*8,  or  528,  is  taken  as  above. 

By  placing  the  points  of  the  compasses  between,  instead  of  on,  the 
10  long  parallel  lines,  we  may  obtain  a  still  further  subdivision. 


10G.  Angles  are  measured,  or  laid  off,  either  by  means  of  the 
lines  marking  the  divisions  of  degrees,  or  half  degrees,  at  the  edge 
of  the  scale,  and  which  are  numbered  at  each  10°  or  5°,  or  by  meaus 
of  the 

Scale  of  Chords. 


(1.)  To  measure  an  angle  by  the  marked  divisions.  Place  the 
middle  point  of  the  scale  (which  is  strongly  marked)  upon  tho 
angular  point,  and  lay  the  edge  along  one  of  the  legs ;  the  other  leg, 
produced,  if  necessary,  shews,  on  the  graduated  edge,  the  degrees 
which  the  angle  contains. 

(2.)  To  measure  an  angle  by  the  scale  of  chords.  Take  in  the 
compasses  the  chord  of  60°  off  the  scale,  and  describe  an  arc :  take 
the  distance  from  A  to  B  in  the  compasses,  and,  placing  one  foot  at 


CtVJfU  ul  Mf. 
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th*  beginning  of  the  scale  of  chords,  look  how  ntanj  degrees  the 
ot  her  foot  extends  to.  Thus,  for  example,  if  A  B  extends  to  27°,  the 
arc  A  B,  or  angle,  C,  contains  27°. 

107.  To  lay  off  an  angle  from  a  given  line,  as,  for  example,  27°. 
Describe  an  arc  A  B  (fig.  106),  with  the  chord  of  60°,  from  C,  as 
centre,  and  set  off  the  chord  of  27°  from  A  on  A  B ;  join  C  B,  and 
A  C  B  is  the  angle  required. 

When  the  angle  to  be  measured  or  laid  off  exceeds  90°,  measure 
or  lay  off  90°,  and  then  the  excess  above  90°. 

108.  The  semicircle  with  a  graduated  edge  is  useful  for  this 
purpose ;  but  the  most  convenient  instrument,  especially  for  using 
with  the  chart,  is  a  transparent  horn  semicircle,  with  a  long  silk 
thread  attached  to  its  centre.* 

109.  To  construct  a  scale  of  chords  to  any  proposed  radius.  The 
radius  is  equal  to  the  chord  of  60°;  describe,  therefore,  a  quadrant, 
divide  it  into  portions  of  30°,  20°,  10°,  and  so  on;  draw  the  several 
chords,  and  transfer  them  to  the  proposed  scale. 

4.  The  Sector. 

110.  The  Sector  is  a  ruler,  or  scale,  which  folds  into  half  iti 
length  by  moving  round  a  large  circular  joint  on  which  it  is  accu- 
rately centered.  Several  lines,  or  scales,  are  laid  off  from  the  centre 
to  the  extremity  on  both  legs  of  the  sector,  as  tangents,  sines,  &c, 
and  others  parallel  to  the  edges.  We  shall  refer  here  only  to  thai 
one  which  is  called  the  line  of  limes  (marked  C  L  in  the  figure),  on 
account  of  the  great  convenience  of  the  sector  in  reducing  a  plan,  or 
a  figure,  to  another  on  a  different  scale,  dividing  lines  propor- 
tionally,! and  in  solving  some  simple  questions  which  depend  on 
proportion  alone. 


The  line  of  lines  is  divided  into  10  equal  parts,  and  these  again 
are  similarly  subdivided.  The  distance  from  the  centre  to  any  point 
in  the  line  of  lines  is  called  the  lateral  distance;  and  that  between 
any  point  in  the  line  of  lines  on  one  leg,  and  the  corresponding  point 
on  the  other,  the  transverse  distance. 

+  Such  semicircles,  made  of  born  or  other  transparent  material,  and  haying  a  long  silk 
thread  attached  to  tlie  centre  to  extend  a  s traight  line  to  any  point  beyond  the  circumfer- 
ence, are  moat  useful,  especially  for  chart  work.    They  are  commonly  called  protractor*. 

t  Another  instrument,  eqnaUy  convenient  and  portable,  but  more  expenaive,  is  the 
proportional  compasses.  These  compasses  open  on  a  movable  centre,  so  that  the  opening 
of  one  pair  of  points  may,  by  moving  the  centre*  b§  made  to  bear  any  proportion  to  the 
opening  of  the  other  pair  of  points). 
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The  following  examples  will  illustrate  tbe  use  of  the  Sector.* 

Ex.  1.    To  divide  a  line  into  a  number  of  equal  parte,  as  for  ex.  7. 

Take  the  given  line  in  the  compasses;  place  one  point  on  the  division  J  on  one  leg  of 
the  sector,  and  open  it  till  the  other  falls  on  the  other  7.  Then  the  transverse 
distance  1  to  1  is  f -7th,  2  to  2  is  2-7ths,  and  so  on  ;  or  the  line  7,  7  is  equally 
divided  into  tbe  parts  1,  I  ;  2,  2 ;  &c 

Ex.  2,    To  reduce  a  plan  on  tbe  scale  of  3  inches  to  a  mile,  to  another  scale  of  2  inches 

to  a  mile. 

Take  the  lateral  distances  on  the  scale  of  the  3-inch  plan.   Take  2  in  the  compasses  1 

place  one  point  at  the  division  3.  and  open  the  sector  till  the  other  point  falls  on 

the  other  3.  Then  the  transverse  distances  will  be  the  distances  on  the  proposed 

plan. 

Ex.  8.    A  line  of  a  given  figure  measures  85 ;  find  the  measure  of  another  line  in  the  same 

figure. 

Take  the  pven  line  8$  in  the  compasses  and  open  the  sector  till  their  points  measure 

tne  transverse  distance  85.  85.     Then  any  other  line  of  the  figure  taken  in  the 

compasses  is  measured  hy  finding  the  corresponding  points  in  the  two  legs  which 

exactly  contain  it,  and  multiplying  the  number  shewn  by  I<X 

•  Am  J.  F.  Heather  on  Mathematical  Instrument*,  Lockwood  &  Co.,  Lodgate  HUL 


V.  Raising  thb  Trigonometrical  Canon 

111.  This  term  implies  forming  the  proportions  or  analogies  pro* 
per  for  the  solution  of  problems  concerning  right-angled  triangles. 

Before,  however,  the  student  proceeds  to  the  actual  composition 
of  these  analogies,  he  should  be  acquainted  with  the  few  proposition* 
of  geometry  which  are  given  in  the  following  section. 

112.  Definition.  An  Axiom  is  a  proposition  assumed  to  be  so 
obvious  as  to  require  no  demonstration. 

The  principal  axioms  which  have  been  employed  as  the  founda- 
tion of  geometrical  reasoning  are  the  following: — 

(1.)  Geometrical  magnitudes  are  said  to  be  cqua*l  when  one 
being  placed  on  another  coincides  with,  or  exactly  covers,  it. 

(2.)  Two  magnitudes  which  are  each  equal  to  a  third,  are  equal 
to  each  other. 

<£.)  If  equals  be  added  to  equals,  the  wholes  will  be  equal. 

That  is,  if  two  magnitudes  be  equal,  and  a  third  be  added  to  e^ch,  the  two  sums  will  bs 
equal. 

(4.)  If  equals  be  taken  from  equals,  the  remainders  will  be  equal. 

(5.)  If  the  same  or  equal  quantities  be  added  to  unequals,  the 
sums  will  be  unequal. 

((5.)  If  equals  be  taken  from  unequals,  the  remainders  will  be 
■nequal. 

(7.)  The  halves  of  equal  things  are  equal. 

(8.)  The  doubles  of  equal  things  are  equal. 

1 13.  Dep.  A  Geometrical  Theorem  is  a  proposition  in  which 
some  property  of  a  figure  is  demonstrated. 

The  term  Proposition  includes  both  Problems  and  Theorems. 

114.  Def.  A  Corollary  is  an  obvious  conclusion  or  neceaaarj 
inference,  from  a  proposition. 


CKOMETKY.  33 


I.    Theorems  of  Geometry. 

1 15.  A  straight  line,  as  A  C,  standing  on  another,  as  D  E,  makes 
the  adjacent  angles,  ACE  and  A  C  D,  together  equal  to  two  right 
angles.  N 

For,  draw  C  N  at  right  angles  to 
D  E;  then  D  C  N  and  NCE  are 
two  right  angles ;  that  is,  DCN, 
with  N  C  A  and  ACE,  are  two  right 
angles ;  and  since  DCN  and  N  C  A 
make  up  D  C  A,  therefore,  D  C  A 
and  ACE  are  two  right  angles.  i 

116.  If  two  straight  lines,  as  AB,  C  D,  intersect  or  cross  each 
other,  the  opposite  and  vertical  angles,  as  C  EA,  BED,  are  equal. 

Since  C  E  stands  on  A  B,  the 
angles  C  E  A  and  C  E  B  arc  equal 
to  two  right  angles  (No.  1 15).  Again, 
since  B  E  stands  on  C  D,  the  angles 
C  E  B  and  BED  are  equal  to  two  *~ 
right  angles.  Hence  C  E  A  and 
C  E  B  are  equal  to  B  E  D  and 
C  E  B.    Take  away  the  angle  C  E  B,  * 

common  to  both  these  sums,  and  the 
remaining  angles  C  E  A,  BED  are  equal.     (No.  1 12,  4). 

117.  If  two  triangles,  as  ABC,  DEF,  have  two  sides  of  the  one, 
as  A  B,  A  C,  equal  to  two  sides  of  the  other,  as  D  E,  D  F,  and  have 
likewise  the  angles  A,  D,  contained  by  those  sides,  equal,  the  two 
triangles  are  equal  in  all  respects. 

For  if  the  point  A  be  laid  on 
D,  and  the  line  A  B  on  D  E,  the 
point  B  will  coincide  with  E  be- 
cause A  B  is  equal  to  D  E. 

Also,  since  the  angles  A,  D, 
are  equal,  the  line  A  C  will  coin- 
cide with  D  F,  and  the  point  C 
•f  AC  will  coincide  with  the 
point  F  of  D  F,  because  A  C  is  equal  to  D  F. 

Then  since  B  coincides  with  E,  and  C  with  F,  the  base  BC 
coincides  with  the  base  E  F,  and  is  therefore  equal  to  it. 

Since  therefore  the  three  sides  of  the  triangles  are  equal,  the 
triangles  are  equal,  and  either  laid  on  the  other  (two  equal  sides 
being  laid  on  two  equal  sides)  will  exactly  c  >ver  it.  Hence  the  two 
remaining  angles  must  be  equal,  or  B  is  equal  E,  and  C  to  F; 
or,  the  triangles  are  equal  in  all  respects. 

The  above  proves  the  method  No.  100.  For  suppose  A  and  I,  B  and  I  to  be  joined  by 
tin*?,  then  the  two  triangles  C  A  I,  C  B 1,  have  the  sides  C  A,  A  I  equal  to  C  B  B  I,  and  tha 
third  ?ide  common.  Hence  they  are  equal,  and  the  angles  A  C  I,  I  C  B  being  equal,  each  Is 
UlfofACB. 
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118.  If  two  triangles  ABC,  DEF  (fig.  No.  117)  have  t^e 
angles  B,  C,  in  one,  equal  to  two  angles  E,  F,  in  the  other  respectively, 
and  also  the  sides  B  C,  EF,  adjacent  to  the  equal  angles,  equal  to 
each  other,  the  two  triangles  are  equal. 

Suppose  the  point  B  to  be  laid  on  E,  and  the  side  BConEF, 
the  points  C  and  F  will  coincide  because  B  C  is  equal  to  E  F. 

Again,  since  the  angles  B  and  E  are  equal,  the  side  B  A  will  fall 
on  E  D ;  and  because  the  angles  C  and  F  are  equal,  the  side  C  A  will 
fall  on  F  D.  Hence,  as  the  point  A  belongs  to  both  the  sides  B  A 
and  C  A,  and  D  to  E  D  and  F  D,  the  point  A  will  coincide  with  D,  and 
the  angles  A  and  D  are  equal.     Hence  the  two  triangles  are  equal. 

110.  In  an  isosceles  triangle,  as  A  B  C.  the  angles  B,  C,  opposite 
the  'jqual  sides  A  B,  A  C,  are  equal. 

Suppose  the  angle  B  A  C  bisected  by  the  * 

line  A  D.  Then  since  A  B  and  A  C  are  equal, 
and  the  side  A  D  common  to  the  two  triangles 
A  D  B,  A  D  C,  and  the  angle  BAD  equal  to 
CAD,  each  being  half  of  B A C,  these  two 
triangles  are  equal  in  all  respects  (No.  117), 
abd  therefore  the  angles  B  and  C  are  equal. 

Con.  1.  Since  the  base  B  D  is  equal  to 
the  base  C  D,  a  line  bisecting  the  angle  contained  by  the  two  equal 
sides  of  an  isosceles  triangle  likewise  bisects  the  third  side. 

Cor.  2.  Also,  since  the  adjacent  angles  A  D  B,  A  D  C  are  equal, 
they  are  right  angles,  or  the  said  line  is  perpendicular  to  the  third 
side. 

Cor.  3.  If  the  third  side  is  equal  to  A  B  or  B  C,  the  angle  A  b 
equal  to  B  or  C ;  or  an  equilateral  triangle  is  equiangular. 

This  proves  the  method  No.  97  (1)  ;  for  supposing  C  D,  D  I,  and  C  E,  E  I  joined,  the 
two  C  D,  D I  are  tonal  to  C  E,  EI,  and  C I  b  common;  hence  the  triangles  are  equal.  Anc 
the  angles  D  C  I,  E  C I  are  equal,  and  each  is  half  D  C  E ;  hence  C  I  bisects  D  C  E  and  u 
perpendicular  to  A  B. 

The  like  proof  applies  to  No.  97  (2)  ;  for  suppose  P  I,  Q  I  to  be  joined  ;  then  CP.CQ 
are  equal  to  P  I,  Q  I,  and  P  Q  is  common  ;  hence  C  P  Q  is  equal  to  I  P  Q,  aad  P  B  which 
l  bus  bisects  C  P 1,  is  perpendicular  to  C  D. 

The  same  kind  of  proof  applies  to  Nos.  96  (3)  and  98. 

120.  Every  triangle  which  has  two  angles,  A,  B,  equal,  is  isos>- 
coles;  or  the  sides  CA,  CB  are  also  equal. 

If  C  A  is  not  equal  to  C  B,  let  it  be  greater,  and 
lake  a  part  of  A  C,  as  A  D,  equal  to  Cd. 

Then  since  DA,  CB  are  equal,  add  to  each  of 
thein  AB,  and  the  two  DA,  A  B,  are  equal  to  the 
two  C  B,  A  B  (No.  112,  3).  Also,  since  D  A  is 
equal  to  CB,  the  angles  DAB,  CBA  are  equal 

(No.  1 19).     Hence  the  triangle  A  DB,  having  the    L a 

two  sides  DA,  AB,  and  the  included  angle  DAB   a  b 

equal  to  the  sides  C  B,  A  B,  and  the  angle  C  B  A,  is  equal  to  the 
triangle  CBA  (No.  1 17),  or  the  less  to  the  greater,  which  is  absurd. 
Hence  AC,  CB  are  not  unequal,  that  is,  they  are  equal. 

Cor.  If  the  third  angle  C  is  equal  to  A  or  B,  the  side  A  B  must 
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than    either  of  the  interior  and 


in  like  wanner  be  equal  to  C  B,  or  to  C  A  ;  that  is,  every  equiangular 
triangle  is  equilateral. 

121.  If  a  side  of  a  triangle  ABC,  as  A  B,  be  produced,  the 

exterior  angle  CBD   is  greater    '*---      '^ e  *'  ~  :— -:  -  —- J 

opposite  angles  A  and  C. 

Bisect  C  B  in  Enjoin  A  E  and  pro- 
duce the  line  till  E  F  is  equal  toAE; 
and  join  F  B. 

Then  since  A  E  is  equal  to  E  F,  and 
BEtoEC,  and  also  the  angle  A  E C 
10  the  angle  BEF,  the  two  triangles 
A  E  C,  B  E  F  have  two  sides  and  the 
included  angle  equal  in  each.  Hence 
these  two  triangles  are  equal  (No.  1 17), 
and  therefore  the  angle  C  (opposite  the  side  A  E)  is  equal  to  the 
angle  E  B  F  (opposite  the  equal  side  E  F).  Hence  CBD  which 
contains  C  B  F  is  greater  than  C. 

In  like  manner,  by  producing  C  B  to  a  point  G,  and  bisecting 
A  B,  it  would  be  proved  that  the  angle  ABG,  or  its  equal  CBD, 
is  greater  than  A. 

122.  Any  two  angles  of  a  triangle  are  together  less  than  two 
right  angles. 

Produce  the  side  BC  of  the  triangle 
A  BC,  to  D.  Then  the  exterior  angle  AC  D 
of  the  triangle  is  greater  than  the  interior 
and  opposite  angle  ABC  (No.  121).  Add 
to  each  angle  ACB,  then  A  C  D  and  ACB, 
are  greater  than  ACB  and  ABC  (No.  112, 
5) ;  and  since  A  C  D,  ACB  are  equal  to 
two  right  angles,  ACB,  and  ABC  are 
less  than  two  right  angles.  The  same  may  be  proved  of  the  other 
angles  by  producing  the  other  sides. 

123.  If  a  straight  line  A  B  meeting  two  other  lines  C  D,  EF,  makes 
the  alternate  angles  CO  H,  G  H  F  equal,  the  two  lines  are  parallel. 
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Fig.  1. 


Fig.  2. 


For  if  they  are  not,  they  will  meet  on  one  side  of  A  B ;  let  them 
meet  at  I,  then  G  H  I  is  a  triangle,  and  the  exterior  angle  C  G  H  is 
greater  than  the  interior  and  opposite  angle  G  H  F  (No.  121 ).  But 
these  angles  are  equal  by  the  supposition,  therefore  the  lines  do  not 
meet  towards  I. 

In  like  manner  it  may  be  shewn  thai  they  do  not  meet  on  the 
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other  Bide  of  A  B,  and  bene*  that  they  do  not  meet  at  all ;  that  ia, 
they  are  parallel. 

It  appears  by  fig.  2,  that  the  lines  meet  on  that  side  on  which  the 
two  interior  angles  are  less  than  two  right  angles.  For  IGH,  IHG 
are  together  less  than  two  right  angles  (No.  122). 

124.  If  a  straight  line  A  B  (fig.  1,  No.  123)  falling  on  two  lines 
C  D,  E  F,  make  the  exterior  angle  A  G  D  equal  to  the  interior  and 
opposite  angle  G  H  F  (on  the  same  side  of  A  B),  the  two  lines  are 
parallel.  Also,  if  the  two  interior  angles  D  G  H,  G  H  F,  are  equal 
to  two  right  angles,  the  lines  are  parallel. 

The  angle  A  G  D  is  by  supposition  equal  to  G  H  F,  and  A  G  D 
is  equal  to  CG  H  (by  No.  1 16);  hence  CGH  and  GHF  are  equal, 
and  they  are  alternate  angles,  and  C  D,  E  F  are  parallel. 

Again,  since  DGH,  GHFare  equal  to  two  right  angles  by  the 
supposition,  and  since  CGH,  DGH  are  equal  to  two  right  angles 
by  No.  115,  CGH,  DGH,  are  equal  to  DGH,  GHF;  take 
away  the  common  angle  DGH,  and  the  remaining  angle  C G  H  is 
equal  to  G  H  F,  and  they  are  alternate  angles,  therefore  C  D,  E  F 
are  parallel. 

125.  If  a  straight  line  A  B  (fig.  1,  No.  123)  fall  on  two  parallel 
lines  C  D,  E  F,  it  makes 

(1.)  The  alternate  angles  C  G  H,  G  H  F,  equal ; 

(2.)  The  exterior  angle  A  G  D  equal  to  the  interior  and  opposite 
angle  GHF; 

(3.)  The  two  interior  angles  DGH,  GHF,  equal  to  two  right 
angles. 

(1.)  If  CG  H  be  not  equal  to  GHF,  let  it  be  greater;  add  to 
each  the  angle  DGH;  then  the  angles  CGH,  DGH  are  greater 
than  the  angles  D  G  H,  G  H  F,  and  C  G  H,  D  G  H  are  equal  to  two 
right  angles  (No.  116) ;  therefore  DGH,  GHFare  less  than  two 
right  angles.  But,  by  fig.  2,  No.  123,  this  is  the  case  in  which  the 
two  lines  meet  at  I,  whereas  they  are  here  parallel  by  the  supposi- 
tion ;  therefore  C  G  H  is  not  greater  than  GHF.  In  like  manner 
it  might  be  shewn  that  it  is  not  less ;  it  is  therefore  equal  toGHF. 

(2.)  Since  AGD  is  equal  to  CGH  (No.  116),  and  CGH  to 
G  H  F,  therefore  A  G  D  is  equal  to  G  H  F. 

(3.)  Hence,  adding  DGH  to  AGD,  GHF,  the  two  AGD, 
DGH  are  equal  to  the  two  DGH,GHF.  But  A  G  D,  DGFare 
equal  to  two  right  angles  ;  therefore  DGH,  GHF  are  equal  to  two 
right  angles. 

126.  Prop.  The  exterior  angle,  as  A  CD,  of  a  triangle  (formed 
by  producing  one  of  the  sides  of  the  triangle),  is  equal  to  the  sum  of 
the  two  interior  and  opposite  a 
angles,  A  B  C  and  B  A  C. 

Produce  the  side  BC  toD, 
and  draw  CE  parallel  to  BA. 
Then  the  angle  E  C  D  is  equal  B 
to  A  B  C  since  B  D  meets  the 
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parallels  B  A  and  C  E (No.  125).  Again,  the  alternate  angles  BAG, 
ACE,  formed  by  A  C,  which  crosses  the  same  parallels,  are  equal 
(No.  125).  Hence  AC  E  and  E CD  are  together  equal  to  B  AC  and 
ABC;  that  is,  ACD,  which  is  made  up'of  ACE  and  ECD,  is 
e  iual  to  B  A  C  and  A  B  C. 

127.  Prop.  The  three  interior  angles  of  a  triangle  are  together 
eqnal  to  two  right  angles  (fig.  No.  126). 

Bv  the  above  proposition,  A  C  D  is  equal  to  the  snm  of  A  B  C 
and  B  A  C.  Add  to  each  A  C  B ;  then  ACD  and  A  C  B  are  equal 
to  the  three  angles  ABC,  BAC,  and  A  C  B,  (No.  112).  But 
ACD  and  ACB  are  equal  to  two  right  angles,  therefore  the  angles 
A  B  C,  B  A  C,  and  A  C  B,  are  equal  to  two  right  angles. 

Cob.  1.  In  a  triangle  which  has  one  right  angle,  the  other  two 
angles  make  up  a  right  angle;  each  of  them,  therefore,  must  be  less 
than  a  right  angle,  and  each  is  the  complement  of  the  other  to  90°. 

Cob.  2.  If  two  triangles  have  two  angles  in  the  one  equal,  re- 
spectively, to  two  angles  in  the  other,  they  will  also  have  the  third 
)r  remaining  angles  equal. 

128.  Prop.  The  greater  side  of  any  triangle,  as  A  C,  is  opposite 
to  the  greater  angle  A  B  C. 

C  A  being  greater  than  A  B,  make  AD  a 

equal  to  A  B,  and  join  D  B ;  then  since 
A  D  is  equal  to  A  B,  the  triaugle  A  B  D 
is  isosceles,  and  the  angles  A  D  B  and 
A  B  D  are  equal  (No.  119).  But  A  B  D 
which  is  contained  within  A  BC  is  less  than 
ABC.  Hence  A  D  B  is  less  than  ABC. 
Now  A  D  B  is  equal  to  the  sum  of  A  C  B 
and  C  B  D  (No.  125);  hence  A  D  B  is  greater  than  A  C  B,  that  is 
A  BD  is  greater  than  ACB,  therefore  A  BC  is  greater  than  ACB. 

In  like  manner,  by  taking  C  D  equal  to  C  B,  it  would  be  proved 
that  the  angle  B  is  greater  than  the  angle  A ;  and,  by  taking  D  on 
BC,  and  BD  equal  to  B  A,  that  the  angle  A  is  greater  than  the 
angle  C. 

129.  Pbop.  The  line  drawn  perpendicularly  from  a  given  point  C, 
to  a  right  line  A  B,  as  C  D,  is  the  shortest  that  can  be  drawn  from 
C  on  A  B. 

Take  any  point  E  in  A  B,  and  join  C  E.  c 

Then  since  in  the  triangle  C  E  D,  C  D  E  is 
a  right  angle,  the  angle  C  E  D  is  less  than 
a  right  angle  (No.  127,  Cor.  1),  and  there- 
fore (No.  128)  C  E  is  greater  than  C  D. 

The    same   proof  applies  to   any   point 
whatever  taken  in  A  B. 

Cor     As    the    angle    C  E  D    is    acute, 
wherever  E  may  be  taken,  there  is  but  one  line  which  can  be  drawn 
perpendicular  to  A  B  from  C. 
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130.  Dbp.  A  Parallelogram  is  a  (bur-sided  figure  of  which  the 
opposite  sides  are  parallel. 

131.  The  opposite  sides  of  a  parallelogram,  as  A  B,  C  D,  are  equal ; 
also  the  opposite  angles  are  e<|ual ;  and  the  diameter,  or  diagonal. 
0  B  divides  it  into  two  equal  parts. 

Since  AB  and  CD  are  parallel,  and  CB  A 

meets  them,  the  alternate  angles  ABC  and 
BCD  are  equal  (No.  125).  Also,  since  A  C, 
B  D,  are  parallel,  and  B  C  meets  them,  the 
alternate  angles  A  C  B,  C  B  D  are  equal. 
Hence  the  two  triangles  ABC,  BCD  having 
two  angles  equal  in  each,  and  the  side  B  C  adjacent  to  them  com* 
mon,  are  equal  (No.  1 18).  Hence  A  B  is  equal  to  C  D,  and  A  C  to 
B  D ;  also  the  third  angle  A  to  the  third  angle  opposite,  D. 

Since  the  two  triangles  are  equal,  and  make  up  the  whole  figure, 
each  is  half  the  parallelogram,  or  C  B  bisects  A  D. 

132.  The  straight  lines  C  A,  BD  (fig.  No.  131)  which  join  the 
extremities  of  two  equal  and  parallel  lines  A  B,  C  D  are  themselves 
both  equal  and  parallel. 

The  triangles  ACB,  CB  D,  having  the  two  sides  AB,  CD  equal, 
and  the  side  BC  common,  and  also  the  included  angles  ABC,  BCD 
equal,  are  e<jual ;  hence  A  C  and  B  D  are  equal. 

Again,  since  the  other  angles  are  equal,  ACB  and  C  B  D  are 
equal,  and  hence  A  C,  B  D  are  parallel. 

This  proves  the  method  No.  93 ;  for  the  ©anal  distances  laid  off  from  C  and  B  perpendicular 
toAB,  form  two  sides  of  a  parallelogram,  of  which  the  other  aides  also  are  parallel. 
And  the  like  reasoning  applies  to  No.  94. 

133.  Parallelograms,  as  A  BCD,  A  BEF,  on  the  same  base  A  B 
aud  between  the  same  parallels  A  B,  C  F,  are  equal  to  each  other. 

Since  CD  and  EF  are  each  equal  c_ 
to  A  B,  they  are  equal  to  each  other. 
Add  to  each  D E,  then  CD,  D  E, 
are  equal  to  E  F,  D  E  (No.  112,  3), 
or  C  E  is  equal  to  D  F.  Also  A  C 
is  equal  to  B  D,  and  A  E  to  B  F, 
nence  AC,  CE  are  equal  to  BD, 

DF,  and  the  angles  ACE,  BDF,  * f 

are  equal,  because  AC  is  parallel  to  B  D  (No.  125).     Hence  the  tri  • 
angle  A  C  E  is  equal  to  the  triangle  BDF  (No.  1 17). 

Take  away  the  triangle  ACE  from  the  whole  figurp  ABCP, 
and  the  remainder  is  A  E  F  B ;  again,  take  away  the  triangle  BDF 
from  the  same  figure,  and  the  remainder  is  ABCD;  therefore  since 
tT.ese  triangles  are  equal  the  remainders  are  equal  (No.  112, 4),  or  the 
parallelograms  ABCD,  A  B  E  F  are  equal. 

Cor.  Parallelograms  on  equal  bases,  and  between  the  same 
parallels,  arc  equal.  For  since  the  bases  are  equal,  either  of  them 
placed  on  the  other  will  coincide  with  it,  and  the  above  proof 
applies. 
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134.  A  Parallelogram  A  B  C  D  is  double  of  a  triangle  ABEud 
the  same  base,  A  B,  and  between  the  same  parallels,  A  B,  C  E. 

Draw  A  F  parallel  to  B  E,  then 
A  B  F  E  is  a  parallelogram,  and  it  is 
equal  to  A  B  C  D  (No.  133).  Hence  the 
triangle  ABE,  which  is  half  of  A  B EF, 
is  equal  to  half  A  B  C  D,  or  the  paral- 
lelogram is  double  of  the  triangle. 

Cor.  Triangles  on  the  same  or  equal 
bases,  and  between  the  same  parallels 
»re  equal.     For   parallelograms   under 
these  two  conditions  are,   by   No.  133,   and   Cor ,  equal,  and   the 
triangles  being  the  halves  of  equal  parallelograms,  are  equal. 

135.  Dep.  A  Square  is  a  four-sided  figure  of  which  all  the  sides 
arc  equal,  and  all  the  angles  right  angles. 

136.  Pbob.  To  describe  a  square,  A  E,  on  a  given  line,  A  B. 
Draw  A  C  perpendicular  to  A  B,  take  AD     c 

equal  to  AB,  and  through  D  draw  DE  parallel 

to  A  B ;  and  through  B  draw  B  E  parallel  to 

A  D  (or  take  D  E  equal  to  A  B,  and  join  B  E). 

Then  A  D  E  B  is  a  parallelogram,  of  which  the 

opposite  sides,  being  equal,  are  each  equal  to 

A  B.     Also  since  D  E  is  parallel   to  A  B,  and 

AD  meets  them,  the  angles  EDA,  DAB,  are 

equal  to  two  right  angles,  and  since  A  is  a  right 

angle,  D  is  a  right  angle,  and  the  opposite  angles  to  these  being 

equal  to  them  are  also  right  angles. 

137.  In  any  right-angled  triangle,  as  A  B  C,  the  square  B  E, 
on  the  hypo  then  use  B  C,  is  equal  to  the  sum  of  the  squares  G  B 
and  C I  on  the  other  two  sides. 

Draw  AKL  perpendicular  to  BC,  • 

or  parallel  to  B  D,  which  is  perpendicular 
to  B  C,  and  join  F  C  and  A  D. 

Then,  since  B  D  is  equal  to  B  C,  and 
F  B  to  B  A  (No.  135),  the  two  sides  F  B, 
B  C  are  equal  to  the  two  A  B,  B  D 
(No.  112,  3).  Also,  the  angles  ABD 
and  F  BC  are  equal,  since  each  contains 
a  right  angle  and  the  common  angle 
ABO  Hence  the  triangles  ABD  and 
FBC  are  equal  (No.  117). 

Now  the  triangle  ABD  is  half  the 
parallelogram  B  L,  because  they  are  on 
the  same  base  B  D,  and  between  the  same  parallels  B  D,  A  L 
(No.  134).  Likewise  the  triangle  FBC  is  half  the  square  BG, 
»ince  G  C  and  F  B  are  parallel.  Hence  the  parallelogram  B  L  and 
the  square  B  G  are  equal. 

In  like  manner,  by  joining  the  poiuts  B  H,  and  A,  E,  it  would 
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be  proved  that  the  parallelogram  C  L  and  the  square  C I  are 
equal. 

Hence  the  sum  of  the  squares  B  G,  C  I,  is  equal  to  the  sum  of 
the  parallelograms  B  L,  C  L,  that  is,  to  the  square  B  £. 

Hence  in  a  ri^ht-angled  triangle  if  we  have  two  sides  we  can 
always  find  the  third :  thus,  suppose  the  hyp.  is  100,  and  the  base 
64,  the  squares  of  these  are  10000,  and  4096;  the  diff.  of  the*,* 
squares,  or  5904,  is  therefore  the  square  of  the  unknown  side,  which 
Is  768. 


The  theorem  above  proves  that  the  triangle  of  the 
For  3,  and  4,  squared,  are  9  and  16,  and  the  nun  of 
third  aide. 


in  No.  96  (1)  is  right-angled 
or  25,  is  the  square  of  5,  the 


138.  The  perpendicular  on  the  extremity  of  the  radius  of  a  circle, 
as  A  T,  is  a  tangent  to  the  circle. 

Take  any  point  Din  AT,  and  join 
C  D ;  then  since  CAD  is  a  right  angle, 
CD  A  is  less  than  a  right  angle  (No.  127), 
and  therefore  CD  is  greater  than  CA 
(No.  128)  or  falls  beyond  the  circum- 
ference, that  is,  A  T  touches  the  circle  at 
A  only. 

Cor.  As  only  oue  line  can  be  perpen- 
dicular to  AT  (No.  129),  the  centre  of  the  circle  must  be  in  the  line 
perpendicular  to  the  tangent. 

139.  The  angle  at  the  centre  of  a  circle,  as  A  C  B,  is  double  the 
angle  at  the  circumference,  as  A  D  B,  both  angles  standing  on  the 
■ame  arc  A  B. 


Fig.  1. 


Fig,  2. 


Join  D  on  the  circumference  and  C  the  centre,  and  produce  the 
line  DC  to  E;  then  the  exterior  angle  ACE  of  the  triangle  ACD 
is  equal  to  the  sum  of  the  two  interior  and  opposite  angles  CAD, 
and  C  D  A  (No.  126).  But  C  A  D  is  equal  to  C  D  A,  b2cause  C  A 
and  CD  being  egual,  ACD  is  an  isosceles  triangle  (No.  119). 
Hence  A  C  E  at  the  centre  is  equal  to  twice  A  D  E  at  the  circum- 
ference. 

Again,  the  exterior  angle  B  C  E  of  the  triangle  B  C  D  is  equal  to 
the  sum  of  C  B  D  and  C  D  B.  But  these  angles  also  ere  equal, 
because  C  B  and  C  D  being  equal,  C  B  D  is  an  isosceles  triangle  ; 
hence  B  C  E  at  the  centre  is  equal  to  twice  B  D  E  at  the  ciroam- 
fcrence. 
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Now,  in  fig.  ]  (where  the  diameter  of  the  circle  passes  clear  of 
the  arc  A  B),  A  C  B  is  the  difference  of  B  C  E  and  A  C  E,  and  is 
double  ofADB,  the  difference  of  B D  E  and  A  D  E. 

When  E  falls  on  A B,  as  in  fig.  2,  A CB  is  the  sum  of  ACE  and 
B  C  E,  and  is  double  the  sum  of  the  angles  A  D  E  and  B  D  E,  or 
the  ano-le  A  D  B. 

140.  The  angle  at  the  circumference  is  measured  bv  half  the  arc 
subtending  it  (fig.  No.  139). 

As  A  C  B  at  the  centre  is  measured  by  the  arc  A  B,  it  is  evident 
that  ADB  at  the  circumference  (which,  by  the  prop,  is  half  ACB) 
is  measured  by  half  A  B.  Thus,  if  A  B  is  68°,  the  angle  ADB  will 
be  29°,  for  any  point  of  the  circumference  at  which  D  may  fall, 
except  between  A  and  B. 

This  proves  tto  method  No.  100,  for,  since  C  A,  A I  (supposing  A,  I,  and  B,  I,  joined) 
s-e equal  to  CB,  BI,  and  C I  common,  the  triangles  CA1,  CBI  are  equal, -hence  AC  I 
aod  I  C  B  are  equal ;  each  therefore  is  half  of  A  C  B,  and  is  measured  by  half  the  arc  A  B. 

141.  The  angle  in  a  semicircle  is  a  right  angle. 

If  the  arc  A  JB  increases  to  a  semicircle,  A  moving  to  E  and  B 
to  D,  A  C  and  C  B  (fig.  1,  prop.  139)  falling  into  the  same  line,  form 
m diameter,  the  angle  ACB  becomes  two  right  angles  or  180°,  and 
then  A  D  B,  or  half  A  C  B,  is  90°.  Hence  the  angle  in  a  semicircle 
is  a  right  angle. 

This  theorem  proves  the  method  No.  96  (2),  for  since  I K  is  a  diameter,  the  angle  at  M, 
a  point  on  the  circumference,  is  the  angle  in  a  semicircle. 

142.  The  angle  in  a  segment  greater  than  a  semicircle  is  lewi 
than  a  right  angle. 

The  segment  B  A  C  of  the  circle  being 
greater  than  a  semicircle,  the  other  segment 
BDC  must  be  less  than  a  semicircle ;  and  the 
angle  B  A  C  in  the  greater  segment  being 
measured  by  half  the  arc  BDC,  that  is,  by  a 
Quantity  less  than  half  180°  (No.  140),  is  less 
titan  a  right  angle. 

143.  The  angle  in  a  segment  less  than  a  semicircle  is  greater 
than  a  right  angle. 

The  segment  B  A  C  being  less  than  a  semi- 
circle, the  segment  BDC  must  be  greater  than 
a  semicircle,  and  therefore  the  angle  B  A  C, 
which  is  measured  by  half  BDC  (No.  140)  is 
greater  than  haJf  two  right  angles  or  than  one 
right  angle. 

144.  A  line,  CD,  drawn  from  the  centre  of  a  circle  bisecting 
any  chord  A  B,  is  perpendicular  to  the  chord. 
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Join  C  A,  C  B,  then  C  A  and  C  B  are  equal 
by  the  def.  of  a  circle  (No.  74).  Also  A  D  and 
D  B  are  equal,  each  being  half  of  A  B,  and  C  D 
is  common  to  the  two  triangles  CAD,  C B  D. 
These  triangles,  therefore,  having  their  three 
sides  equal,  are  equal;  hence  the  equal  angles 
C  D  A,  C  D  B,  opposite  the  equal  sides  C  A,  C  B, 
being  adjacent  angles,  are  right  angles.  « 

Cor.  The  line  from  the  centre  bisecting  the  chord  bisects  the  arc 
A  B.  For  since  the  two  triangles,  as  above,  are  equal,  the  angles 
A  CD  and  BCD,  opposite  the  equal  sides  AD,  DB,  are  equal,  and 
being  at  the  centre  are  measured  by  the  arcs  on  which  they  stand. 

The  above  proposition  u  the  principle  of  the  method  of  finding  the  centre  of  a  cude. 
No.  102. 

145.  Triangles  having  the  same  altitude  are  proportional  to  their 
bases. 

The  altitude  is  the  perpendicular  distance  of  the  vertex,  or  summit, 
from  the  base. 


Let  the  base  B  C  of  the  triangle  A  B  C  be  divided  into  any  num- 
ber of  equal  parts,  as  three,  B^,  gh,  AC,  and  EF  the  base  of  the 
triangle  DEF,  into  four  like  parts,  Et,  t  A,  kly  /F,  then  BC  is  to 
E  F  as  3  to  4. 

Join  the  points  Ag,  A  A,  and  Dt,  D  A,  Di  Then  the  triangles 
ABj,  Aghf  A  AC,  and  DEi,  DtA,  DA/,  D/F  are  all  equal, 
being  on  equal  bases,  and  having  the  same  altitude  (No.  134,  Cor.) 

Hence  the  triangle  ABC  contains  three  parts,  of  which  DEF 
contains  four,  and,  therefore  ABC  :  DEF  ::  3  :  4,  which  is  the 
ratio  of  the  bases.* 

9  146.  A  line  DE  parallel  to  a  side  BC  of  a  triangle  ABC 
divides  the  sides  A  B,  AC,  in  the  same  proportion,  that  is,  AD 
;  A  B  : :  A  E  :  A  C. 


*  If  H  be  impossible  to  find  a  quantity,  or  measure.  By,  which  thai)  divide  B  C  and  E  F 
Into  an  exact  number  of  equal  parts,  as  3  and  4  above  (that  is,  when  B  C  and  E  F  are  said  to 
be  incommensurable)  we  must  take  a  smaller  quantity,  and  a  greater  number  of  triangles  ? 
and  by  taking  this  measure  sufficiently  small  we  may  make  the  error  of  using  it  instead  of 
the  true  proportion  as  small  as  we  please. 
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Join  B  E,  C  D     Then  the  triangles  BDE,  k 

C  D  E  on  the  same  base  D  E,  and  between  the 
same  parallels  D£,BC,  are  equal  (No.  134,  Cor.) 
Add  to  each  the  triangle  A  D  E,  then  the  whole 
triangle  A  B  E  is  equal  to  the  triangle  APC 
(No.  1 14,  3).  Heuce  the  triangle  A  BE  :  A  B  C 
::  ADC:  ABC. 

Now  triangle  ABE:  triangle  ABC::  base 
A  E  :  base  AC,  since  they  have  the  same  altitude,  viz.  the  perpcn* 
licular  drawn  from  B  on  A  C  or  A  C  produced  (No.  145).     Also, 

triangle  ADC:  triangle  ABC::  base  A  D  :  base  A  B, 
And  the  triangle  A B E  is  equal  to  the  triangle  ADC,  hence  the 
two  proportions  are  the  same,  and  AE:AC::AD:AB. 

In  like  manner,  as  the  triangles  ADE,  ED  B,  have  the  same 
altitude,  viz.  the  perpendicular  drawn  from  E  on  A  B,  we  have 
triangle  ADE:  triangle  ED  B  : :  A  D  :  D  B. 

Also  since  the  triangles  A  DE,  E D C  have  the  same  altitude, 
?iz.  the  perpendicular  from  D  on  A  C, 

triangle  A  D  E  :  triangle  E  D  C  : :  A  E  :  E  C. 

But  the  triangles  E  D  C  and  E  D  B  are  equal,  hence 
AD-.DB.::  AE:EC. 

This  pi  jof  applies  to  the  sector.  The  Hue  of  lines  on  each  leg  is  the  side  of  an  isosceles 
triangle,  and  the  transverse  distances  1,1,  2,2,  etc.,  are  the  bases  of  so  many  isosceles  tri- 
angles ;  the  angles  at  these  bases  being  equal,  the  bases  are  parallel,  and  the  sides  of  the 
several  triangles  so  formed  are  proportional. 

147.  Def.  Similar  triangles  are  such  as  have  the  sides  about  the 
equal  angles  proportional. 

148.  Equiangular  triangles,'  as  ABC,  DEF,  have  the  cor- 
responding sides  about  the  equal  angles  proportional,  that  is, 
AB:AC::DE:DF. 

Let  the  angles  A  and  D  be  equal,  as  also  B 
andE,CandF.  A  k 

Place  the  triangle  DEF  on  ABC,   D      f\              |\ 
being  placed  on  A,  and  D  E  on  A  B,  and  let      I   \           I     \ 
G  be  the  point  where  E  falls.  G/ \"      t Tr 

Then  since  the  angles  A  and  D  are  equal,     |  \ 

and  D E  is  on  A  B,  DF  will  fall  on  A  C ;  let,     I  \ 

therefore,  H  be  the  point  where  F  falls.    Then   J -^ 

since  A  G  H  is  equal  to  E,  and  B  to  E,  A  G  H 

is  equal  to  B,  and  the  lines  G  II  and  BC,  which  make  equal  angles 

with  AB,  are  therefore  parallel.     Hence,  by  No.  146,  A  B  :  AC 

::DE:DF. 

Cor.  Hence  equiangular  triangles  are  similar  (No.  147.) 

149.  In  a  right-angled  triangle  ABC,  a  line  BD  drawn  from 
the  right  angle  perpendicular  to  the  hypothenuse,  divides  the  triangle 
into  two  similar  triangles  A  B  D,  B  D  C. 
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The  triangles  ABC,  A  D  B,  having 
each  a  right  angle,  and  the  angle  A  common, 
have  the  third  angle  also  equal  (No.  127), 
they  are,  therefore,  equiangular. 

Tor  the  like  reasons  A  B  C  and  B  D  C 
are  equiangular;    therefore    the    two    tri- 
angles ABD,  BDC,  are  equiangular,  and  tha  sides  abont  the  equal 
%ogles  are  proportional  (No.  148).     Hence 

(1)  AC:  AB  ::  AB:  AD. 

(2)  AC-CB  ::CB  :CD. 

(3)  AB:  AD::BC  :BD.* 


2.  Terms  of  Trigonometry. 

150.  These  terms  occur  in  all  calculations  in   which  lines  ana 
angles  are  concerned. 


151.  PNC  is  a  right-angled  triaugle;  a  quadrant  is  described 
with  the  radius  C  P,  from  the  centre  C ;  C  N  and  C  P  are  produced, 
and  A  T  is  drawn  parallel  to  P  N. 

152.  The  perpendicular  P  N,  drawn  from  the  extremity  of  the  arc 
A  P,  upon  the  radius  C  A,  is  called  the  sine  of  the  angle  P  C  A  (to 
which  it  is  opposite). 

When  the  arc  is  very  small,  or  P  very  near  A,  P  N  and  A  P,  or  the  arc  and  sine,  nearly 
coincide.  When  the  arc  is  0,  the  sine  is  0.  When  the  arc  is  90°,  P  falls  at  B,  or  the  sine 
>f  90°  is  equal  to  the  radius.  Thus  the  sine  is  always  less  than  the  radius,  though  near  90° 
It  becomes  very  nearly  equal  to  it. 

153.  The  line  C  N,  between  the  centre  and  the  foot  of  the  sine, 
is  called  the  cosine  of  P  C  A  (to  which  it  is  adjacent).  It  is  called 
cosine  because  its  equal  P  n,  is  the  sine  of  P Cn,  the  complement  of 
PCN. 

When  the  arc  is  small,  N  falls  near  A,  and  C  N  falls  nearly  on  C  A,  or  the  cosine  of  a 
small  arc  is  nearly  equal  to  the  radius ;  for  the  arc  0,  they  are  equal.  When  the  arc  is  near 
90°,  the  cosine  is  very  small ;  and  the  cosine  of  90°  is  0.  Thus  the  cosine  is  always  leas 
than  the  radius,  though  it  may  approach  indefinitely  near  to  it. 


*  By  (1)  A  C  x  A  D  —  A  B  x  A  B,  or,  as  it  is  written,  A  Bf,  and  read  A  B  square ;  and  by 
(2\  AC*CD  =  CB*;  hence  the  products  A  C  x  A  D  and  A  C  x  C  D  are  together  equal  to 
A  B  square  and  B  C  square.  But  A  C  x  A  D  and  A  C  x  C  D,  is  the  same  as  A  C  x  A  D  and 
C  D,  or  as  A  C  x  A  C,  which  is  called  A  C  square ;  hence  A  C  square  is  eoual  to  A  B  square 
and  B  C  square.  The  term  square  here  denotes  the  number  of  units  (in  the  line)  multiplied 
by  itself ;  thus,  if  A  B  is  3,  A  H'  is  9.  and  this  is  the  number  of  square  units  contained  ia 
the  square  described  on  A  B.     Hence  this  is  another  form  of  the  propos.  in  No.  137. 
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154.  The  line  AT,  drawn  from  the  extremity  of  one  radius  (as 
I ,'  A),  touching  the  circle,  and  meeting  the  other  radius  produced,  it 
called  the  tangent  of  the  angle  P  C  A,  or  arc  P  A. 

When  the  arc  is  small,  A  T  bat  little  exceed*  P  N  ;  when  the  arc  Is  0  the  tangent  is  0  \ 
when  the  arc  is  small,  the  tangent  and  sine  may  be  taken  for  each  other,  and  for  the  arc. 
When  the  are  k  90°,  the  tangent  is  infinitely  great.  The  tangent  is  less  than  the  radios, 
according  as  the  angle  is  less  or  greater  than  45°. 

The  cotangent  is  the  tangent  of  P  C  n,  which  is  the  complement 
of  PCN,  and  would  be  drawn  from  the  extremity  of  the  radius  CB, 
meeting  C  P  produced. 

155.  The  line  C  T  meeting  the  tangent,  is  called  the  secant. 
The  cosecant  is  the  secant  of  P  C  n,  and  meets  the  cotangent. 

When  the  arc  is  0,  the  secant  is  equal  to  the  radius.  When  the  arc  is  90°,  the  secant  Is 
fcainitely  great.    The  secant  is  always  greater  than  the  radios,  as  is  also  the  cosecant. 

J  56.  The  line  A  N  is  called  the  versed  sine. 

157.  These  quantities  are  calculated  for  a  radius  of  the  same 
constant  length,  and  to  each  minute  or  smaller  division  of  the  quad- 
rent,  and  are  inserted  in  Tables.  Then,  since  the  sides  of  all  right- 
angled  triangles  having  the  same  angles  are  ©ronortional  (No.  148), 
the  tables  afford  the  means  of  finding  the  relations  among  the  parts 
of  a  right-angled  triangle,  of  any  kind  or  dimensions,  by  simple 

Proportion.     For  example,  the  sine  of  30°  is  J  the  rad.  (see  No.  159, 
or.),  or  0-5,  the  log.  of  which,  by  No.  58  (2),  is  9*698970,  as  inserted 
in  Table  68. 

These  are  the  principles  on  which  the  Traverse  Tables  and  th* 
Trigonometrical  Tables  are  constructed. 


3.  Propositions  of  Trigonometry. 

168.  The  sine  of  an  arc  is  half  the  chord  of  twice  the  arc. 

Take  the  arcs  A  P,  AQ  equal  to  each  other, 
and  join  PQ.  Then  the  angles  PC  A,  ACQ 
are  equal  (No.  82).  And  since  CP«CQ,  and 
C  M  is  common  to  the  two  triangles  C  P  M, 
CQM,  these  triangles  are  equal  (No.  1 17);  hence 
PM=MQ;  therefore  PM,  the  sine  of  A  P,  is 
half  PQ,  the  chord  of  twice  A  P. 

159.  The  chord  of  60°  is  equal  to  the  radius. 

Let  A  P  and  AQ  (fig.  No.  158)  be  each  30°,  then  the  arc  PQ 
is  60°;  and  since  the  three  angles  of  the  triangle  PC  Q  are  equal  to 
180°  (No.  127),  C  P  Q  and  C  Q  P  are  together  equal  to  120°.  Also, 
since  CPssCQ,  these  two  angles  are  equal  (]No.  119),  and  each, 
therefore,  is  60^.  The  triangle  is,  therefore,  equiangular,  and  con- 
sequently, equPateral,  No.  120.     Hence  PQ=C  P. 

Cor.  Since  PM  is  half  PQ,  it  is  equal  to  half  CP;  or  the  sine 
of  30°,  which  is  the  cosine  of  60*,  is  half  the  radint. 
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160.  The  secant  of  60°  is  equal  to  twice  the  radius. 
Since  P  N  and  AT  are  both  perpendicular  to  C  A, 

they  are  parallel  (No.  124),  and  the  triangles  CPN, 
CT  A,  are  similar  (No.  148),  hence 

CT:CP::  CA  :CN,  that  is,  as  rad.  :  co^ 
60^,  or  as  1  to  £,  that  is,  as  2  :  1 . 

161.  The  tangent  of  45°  is  equal  to  the  radius. 
Let  P  C  A  (fig.  No.  160)  be  45°,  then  C  T  A  is  also 

45°  (No.  127),  hence  the  triangle  is  isosceles  and  the 
sides  CA,  AT  are  equal. 

Cor.  Hence  also,  by  similar  triangles,  C  NsN  P,  or  the  sine  and 
cos.  of  46°  are  equal ;  as  are  also  the  tangent  and  cotangent. 

4.   Constructing  the  Canons,  and  working  them  by  Logarithm*. 

162.  Take  a  right-angled  triangle,  as  A  B  C,  and  suppose  another 
similar  to  it,  as  P  N  C,  drawn  in  a  quadrant,  as  in  No.  151 ;  then 

CA:  AB::CP:PN;  * 

that  is,  C  A  :  A  B  : :  rad.  :  sin    C  (by  152).  p 

The  second  triangle,  PNC,  is,  in  fact, 
here  referred  to  for  illustration  only ;  for  it 
is  evident,  without  it,  that  C  A  and  A  B 
themselves  stand  in  the  same  relation  to 
each  other  as  that  of  radius  and  sine; 
hence 


/ 


By  No.  152. 
By  No.  163. 
By  No.  164. 
By  No.  156. 


c 

CA  : 

AB 

::  rad. 

:  sin.  C. 

CA  : 

CB 

::  rad. 

:  cos.  C. 

CB  : 

BA 

::  rad. 

:  tan.  C. 

CB  : 

CA 

::  rad. 

:  sec.  C. 

(I.) 

(2.) 
(3.) 
(4.)* 


163.  It  is  easy  to  recollect  these  analogies,  each  of  which  begins 
with  two  sides,  by  observing  these  conditions. 

1.  One  of  the  three  sides  must  be  made  radius,  and  the  analogy 
always  begins  with  that  side. 

2.  The  other  sides  will  then  become  sine,  cosine,  tangent,  cotan- 
gent, secant,  or  cosecant,  of  one  or  the  other  of  the  two  acute  angles. 

The  figures  below  sufficiently  illustrate  the  application  of  tho 


terms. 


\ 


*  Hie  learner  wfll  much  more  speedily  apprehend  the  purposes  which  the  expressions  of 
trigonometry  answer  in  the  sciences  of  calculation  by  considering  these  proportions  as  repre- 
senting the  change  of  quantities  in  a  certain  ratio,  as  in  No.  48  (3).  Thus  AB  ii  C  A 
4imi*i*hed  in  the  ratio  of  the  sine  of  C  to  1  ;  C  B  in  that  of  cosine  to  1.  A  B  w  also  C  B 
dimintshtd  or  increased  in  the  ratio  of  tan.  to  1 ,  according  as  C  is  less  or  greater  thaa  45° 
and  C  A  is  C  B  increased  in  the  ratio  of  secant  to  1. 
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To  employ  rightly  the  terms  sine,  cosine,  &c,  observe— 

3.  That  when  the  hypothenuse,  or  longest  side  (which  is  opposite 
the  right  angle),  is  made  the  radius, 

The  side  opposite  either  of  the  acute  angles  is  the  sine  of  that 
angle ;  and  the  side  adjacent  to  either  angle  is  the  cosine  of  that 
angle. 

4.  When  either  of  the  sides  containing  the  right  angle  (or 
leys*  as  they  are  called),  is  made  radius,  the  other  side  becomes  the 
tangent  of  the  angle  opposite  to  it;  and  the  hy  pot  hen  use  becomes  the 
secant  of  that  angle  which  is  contained  or  included  between  Use/find 
the  radius. 

The  learner  should  be  able  to  construct  the  above  analogies 
(which  he  will  find  very  easy;  before  he  proceeds  to  the  solution  of 
any  question,  without  regard  to  what  is  given  or  what  is  not  given. 

164.  We  now  proceed  to  the  calculation  of  a  problem.  The 
above  analogies  or  proportions  consist  of  four  terms  each.  Hence, 
if  three  are  given,  the  fourth  may  be  found  (No.  46).  But  the  radius 
is  assumed  in  the  trigonometrical  tables  as  1  (which  is  the  simplest 
of  numbers),  and  hence,  of  the  three  remaining  terms,  if  two  are 
given,  the  third  may  be  found. 

Hence,  in  any  right-angled  triangle,  consisting  of  three  sides  and 
two  angles  besides  the  right  angle,  if  two  parts  which  enter  into  any 
one  of  the  above  analogies  are  given,  the  third  term  of  that  analogy 
may  be  found. 

165.  The  proportions  may  be  sohred  by  multiplication  and  divi- 
sion;  thus,  suppose,  CA  (hg.  No.  162)  measures  37  feet,  and  the 
angle  C  is  29°  62',  and  we  want  to  find  A  B. 

We  have  by  No.  162  (1),    C  A  :  A  B  : :  1   :  sin.  C, 

whence  (No.  46)  A  B=C  A  x  sin.  C  (the  1  not  being  written). 

Now  the  sine  of  29°  52^  given  in  tables  of  natural  sines  (of  which 
the  logs,  are  given  in  Table  68)  is  0498  nearly,  hence  A  B«37  x  0498 
*  18-426. 

But  in  order  to  save  such  tedious  processes,  logarithms  are  em- 
ployed in  the  manner  described,  Nos.  64  and  65.  Thus,  AB«3? 
xsin.  C,  becomes  log.  of  A  B=log.  of  37  +  log.  sin.  C. 

Again,  if  C  A  were  required,  and  A  B  given,  we  should  have 
C  A  =  A  Bx  1-r-sin.  C  ;  or,  (suppressing  the  1). 

log.  C  A=log.  A  B— log.  sin.  C. 

The  following  rules  are  deduced  from  these  principles. 

The  learner  will  do  well  to  verify  all  his  work  by  the  Traverse 
Tables.  This  proceeding  is  described  in  the  explanation  to  the 
Traverse  Tables. 

166.  The  rule  for  working  any  analogy  by  logarithms  is  very 
simple,  and  there  are  but  two  cases:  1.  In  which  it  is  required  to 
find  one  of  the  mean  terms ;  and,  2.  In  which  it  is  required  to  find 
one  of  the  extreme  terms. 

*  The  two  legs  are  also  called  the  bate  and  perpendicular  (No.  89).  These  terms,  beiua, 
■anally  given  to  the  sides  which  are  horizontal  and  vertical,  at  the  reader  holds  tbo  fig ura 
before  him,  are  employed  entirely  at  convenience. 
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(1.)  To  find  a  mean  term.  Add  together  the  logarithms  of  the 
t*o  extremes,  and  subtract  from  the  sum  the  logarithm  of  the  other 
mean.     The  remainder  is  the  logarithm  of  the  term  required. 

(2.)  To  find  an  extreme  term.  Add  together  the  logarithms  of 
the  two  means,  and  subtract  from  the  sum  the  logarithm  of  the  other 
extreme.     The  remainder  is  the  logarithm  of  the  term  required.* 

Note. — The  log.  of  the  radius  (as  employed  in  the  analogies)  is 
10,  this  being  used  for  convenience,  as  stated  at  p.  19,  note  +. 

Case  I.  Given  the  angles  and  the  hypothenuse,  to  find  the  two 
sides. 


Bz.  B  is  the  right  angle.  The  angle  A  is  $o°  (whence  C  ii  40°,  because  the  two  acuto 
angles  are  together  900.  (See  No.  127,  Cor.)  C  A  is  18  feet.  It  is  required  to  find  B  C 
todBA. 

We  must  employ  two  sides,  and  one  of  them  must  be  the  unknown,  or  required  side  •. 
hence. 


to  find  C  B, 
we  must  take  C  A  and  C  B. 

A 


'I 


X 


C  •  B 

If  C  A,  the  hypothenuse,  be  radios,  C  B 
becomes  the  sine  of  A  (No.  163),  bene* 

CA  :  CB  ::  rad.  *.  sin.  A; 
m  which  CB,  a  mem  term,  is  required. 
Hence,  by  No.  166  (1),  we  have  to  add  the 
togs,  of  C  A  and  sm.  A,  and  subtract  the 
log.  10. 

log.  (tab.  64)     1*447* 
log.  sin.  (tab.  68)    98841, 


CAiS 
A      50° 


k*.  11-3315 
sab.  to* 


CB-21'4  log.    1-3315 

We  might  have  used  C  B  as  cos.  C, 
fhatis,  CA  :  CB  ::  rad.  :  cos.  C, 
otherwise  C  B  :  C  A  : :  rad.  :  sec.  C. 


to  find  A  B, 
we  must  take  C  A  and  A  B. 

A 


C  B 

If  C  A,  the  hypothenuse,  be  radius,  A  8 

becomes  the  cosine  of  A  (No.  163). 
CA  :  AB  ::  rad.  :  cos.  A; 

hi  which  AB,  a  ****»  term,  is  required. 

Hence,  by  No.  166  (1),  we  have  to  add  the 

logs,  of  C  A  and  cos-  A,  and  subtract  the 

log.  10. 

CA18  log.  (tab.  64) 

A     500  log.  cos.  (tab.  68) 

log. 

sub. 

AB-iS-o  log.    i 

We  might  have  used  A  B  as  sin.  C, 

that  is,     CA  :  AB  ::  rad.  :  sin.  C, 

otherwise  AB  ;  AC  ::  rad.  ;  sec.  A. 


1*447* 
9-8081 

11-2553 
io- 

>'*553 


*  It  is  necessary  to  remark  here  that  the  process  above  differs  from  that  followed  hy 
teamen  in  general,  the  object  of  which  is  simply  that  the  required  quantity  may  stand  last. 
The  example  in  Case  III.  by  that  method  stands  thus : 


To  find  the  Angles. 
As  the  hypoth  A  B 
Is  to  radius 
So  is  the  perp.  A  C 


To  sine  of  angle  B  270 
Hence,  A  is  6i°  27'. 


33' 


4*343<> 
io-oooo 

2*0082 
12-0082 

*'341Q 
9-6652 


To  find  the  side  B  C. 

As  rad. 

10*0000 

Is  to  hypoth.  A  B 

1-3430 

So  is  sin.  A 

9947* 

12*2908 

lO'OOCO 

To  BC  195*4 

a '2908 

Now  the  method  proposed  is  more  natural  than  this  last ;  because,  when  the  two  sides 
are  taken  together,  their  trigonometrical  relation  to  each  other  is  immediately  perceived, 
which,  when  they  are  separated,  is  not  so  apparent  Again,  since  the  term  sine,  or  cosine, 
it  determined  altogether  by  that  side  which  we  make  radius,  these  terms  should,  according  to 
the  natural  progress  of  ideas,  immetliaMy  follow  the  term  radium.  The  method  followed  *• 
alio  shorter  and  more  elegant.     Moreover,  the  method  just  quoted,  not  being  employed  in 
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Case  I£.  Given  the  angles  and  one  leg,  to  find  the  hypoilienusc 
and  the  other  leg. 

Ex.  C  is  90°,    Angle  A  is  300  14',  fence  B  is  590  46'.    B  C  it  171.     Find  A  B  and  A  CL 


To  find  A  B. 
Take  the  two  sides,  A  B,  B  C   make  A  B 
•he  hypothenuse)  radios ;  then,  No.  163. 


AB  :  BC  ::  rad.  .*  sin.  A; 

in  which  A  B,  an  extreme  term,  is  required. 

Hence,   by  No.  166  (2),  we  have    to   add 

the  logs,  of  B  C  and  rad.,  and  subtract  the 

log.  of  sin.  A.* 
BC171  log.  +  io,  12*2330 

A  300  14'  log.  sine    —9*7010 

A  B— 339*6  log.    1*5310 


To  find  A  C. 
Take  two  sides,  AC,   CB,    makt  AC 
radius ;  then,  by  No.  163  (3). 
B 


A  •  C 

AC  :  CB  ::  md.  :  tan.  ii, 

in  which  A  C,  an  extreme  term,  is  1 

Hence,  by  No.  166  (2). 

CB  171  log. +  10,  12*2130 

A  300  14'  log.  tan.  —  9765$ 

AC-2934  log.    2*4675 


This  might,  like  Case  I.,  be  worked  differently.  Thus,  to  find 
A  B,  we  may  make  B  C  radius ;  then  AB:  BC::  rad.  :  cos.  B. 
Again,  to  find  A  C ;  making  B  C  radius,  we  have  A  C  :  C  B  : :  rati. 
:Un.  B. 

We  might  also,  having  found  one  of  the  unknown  quantities, 
employ  this  quantity  as  a  means  of  finding  the  rest;  but  in  general 
h  b  better,  when  practicable,  to  depend  only  on  the  original  quanti- 
ties given. 

Case  III.  Given  the  hypothenuse  and  one  leg,  to  find  the  angle* 
and  the  other  leg. 

Ki.  Angle  C  is  co°,  B  A«220*3,  AC**  101-9  »  *nd  tnc  ttn**e  •&»  *nd  then  B C. 
To  find  B.  To  find  B  C. 

Ta>  ing  the  two  given  sides,  we  have  Taking  the  two  sides,  B  C,  C  A,  we  hare 


a  c 

BA  :  AC  ::  rad.  :  sin.  B; 

h  wloch  tin.  B,  in  extreme  term,  is  required. 

AC  101*9  log.  +  10,  12*0082 

B  A  220* 3  log. —2*3430 

B— 27°  33'  sin.     9*6652 

Hence  A  «*  62  47 


s  r 

BC  :  CA  ::  rad.  :  tan.  B ; 
in  which  B  C,  an  extreme  term,  is  required. 
C  A  101*0  log.  ♦  10,  12-00X2 


B  a7°  33' 
BC-1954 


log.  tan. 
log." 


-9*7174 


-,J    T  — o  2*29«-t 

(Here,  in  computing  by  the  canons,  we 
are  obliged  to  employ  6,  as  found.) 


my  other  scientific  process,  every  seaman  who  may  require  to  extend  his  scientific  knowledge 
of  these  subjects  will  have  to  unlearn  it  and  to  adopt  the  other.  The  rules  laid  down  aboit 
will  be  found,  after  very  little  practice,  simpler  and  more  intelligible,  and  therefore  easier  to 
recollect,  than  those  of  the  old  method. 

*  Instead  of  subtracting  the  log.  sine,  cosine,  and  tangent,  it  is  the  same  thing  to  md4 
Che  log.  cosecant,  secant,  and  cotangent,  because  these  last  are  the  arithmetical  complement* 
oi  the  first.    We  have  omitted  this  Hi  the  examples,  to  avoid  confusing  the  learner. 
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Case  IV.  Given  the  two  legs,  to  find  the  hypothenuse  and  tha 


ttt 


i  tries. 


Ex.  The  angle  C  (Ag.  in  Ceee  111.,  only  marking  BCm  given  inatead  of  B  K)  ia  90*. 

B  C- 195*4,  C  A- 101*9 1  find  B  A  and  the  angle  A. 


To  find  angle  A. 
AC  :  BC  ::  rad.  :  tan.  A. 
Hence,  by  No.  166  (2), 
BC  195*4  log.  +  10,  12*2909 

AC  101*9  log.— 2*0082 

A  — 62°  2/  lug.  tan.  10*2827 

and  B—27   33 


To  find  B  A. 
Making  B  C  radios,  B  A  will  become  tfc* 
secant  of  B;  hence, 

BC  :  BA  ::  rad.  :  aecB. 
Hence,  by  No.  166(1), 
B  C  195*4  log.    2*190! 

B    270  33'  log.  sec.  10*0523 

B  A-  220*  3  log.    2*3431 

As  10  is  to  be  subtracted  it  is  omitted  in 
the  index  1 2. 

Ex.  1.  The  hypothenuse  AC  is  144,  the  angle  A  390  22#,  whence  C  is  500  38',  required  A  B 
and  BC.  Ana.  AB  is  111*3,  and  BC  91  5. 

Ki.  t.  The  hypoth.  AC  150,  the  angle  C -350  3c/;  find  CB  and  A  B. 

Ans.  CB-203*5,  AB— 145a, 

Ei.  3.  Theperp.  B  C«  360,  the  angle  A  opposite  580  20' t  required  the  base  and  hypothermic 
AC.  Ans.  AB-222,  AC»42| 

Ex.  4.  Ghren  the  base  AB  208,  and  angle  A  35°  16*  |  find  the  hypoth.  A  C  and  the  perpend. 
BC.  Ans.  AC-1548,  BC-1471. 

Ex.  6.  Given  the  hypoth.  A  C  272,  and  base  A  B  232.  to  find  the  angles  A  and  C,  and  B  C 

Ans.  A-310  28',  C-580  32',  BC-14*. 

Ex.  6.  Given  the  hypoth.  C  A  980,  and  base  B  C  720,  required  the  angles  and  remaining  leg. 

Ans.  A  470  1/1  C  420  43',  A  B  6648. 


VI.  Methods  op  Solution.* 

167.  The  solution  of  a  question  in  which  the  result  19  required  in 
BTjmbers  is  obtained  in  three  ways,  namely,  1.  Inspection;  2.  Cal- 
eiilation  or  Computation ;  3.  Construction. 

(1.)  Inspection  usually  implies  taking  out,  ready  calculated,  from 
a  table,  the  result  corresponding  to  the  elements  of  the  particular 
question  proposed.  The  term  has,  however,  a  more  general  accepta- 
tion, being  applied  to  the  taking  out,  not  merely  of  the  result  itself, 
but  of  quantities  which  compose  it. 

This  method  being  easy  and  expeditious,  is  the  best  for  general 
practice  when  precision  is  not  required ;  but  as  the  tables  adapted  to 
this  kind  of  solution  are  necessarily  limited,  it  is,  on  many  occasions, 
not  sufficient. 

(2.)  The  general  term  Computation  may  be  applied  to  every 
mode  of  solution  by  the  composition  of  numbers  only.  Since,  how* 
ever,  Ins|>ection  includes  the  simplest  cases  of  this  kind,  namely, 
those  in  which  either  the  required  quantity  itself,  or  the  parts  coro- 


*  The  matter  in  this  section  Is,  from  its  nature,  adapted  only  to  the  reader  whe  has 
tome  progress  in  the  subject. 
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The  Solution  op  Obltque-anoled  Plaice  Trjingles. 

Case  I.  In  any  oblique-angled  plane  triangle,  given  two  sides 
and  an  angle  opposite  to  one  of  them,  or  two  angles  and  a  side 
opposite  to  one  of  them,  the  remaining  angles  and  sides  are  found 
by  the  following  simple  proportions  : — 

As  one  of  the  given  tides  :  sin.  of  its  opposite  angle 
::  the  other  given  side  :  sin.  of  its  opposite  angle. 

To  find  an  angle,  begin  with  a  side  opposite  to  a  known  angle. 

Again,  as  sin.  of  one  of  the  given  angles  .*  its  opposite  side 
::  sin.  of  the  other  given  angle  :  its  opposite  side. 

To  find  a  side,  begin  with  an  angle  opposite  to  a  known  side. 


•—.. •*  D 


Ex.  i.    In  the  triangle  ABC,  given  ACB  41°  13% 
A  C  282  yards,  and  A  B  2 10  yards,  to  find  the  rest. 

Now  A  B  210  being  less  than  A  C  282,  the  case  is 
ambiguous,  and  there  are  two  solutions. 

At  point  C  in  the  line  BC  make  angle  BCA-4I°I3', 
from  C  lay  off  C  A  -  282,  and  from  A  lay  off  A  B  -  2 1  a, 
c  cutting  B  C  in  B  and  D,  join  AD. 


To  find  ABC  and  ADO. 


As  AB  210 

:  ACB  410  13' 
::  AC  282 


log.  7-67778I* 
log.  sin.  9818825 
log.  2450249 


A B  C  62° 14'      log.  sin.  9*94^55 


ABC-ADB/,  AD  B-620  14'- 180- A  D  0  117*  46' 
ADC-  U7°46'  +  ACB=4i°i3'  -  1580  59'  -  1800  -  D  A  0  «•  if 
ACB  -  410  13'  +  ABC«62°  14'  -  1030  27'  -  1800  -  B  AC  760  33* 


To  find  B  C. 

As  ACB  4I°I3'  log.  cosec. 0181175* 
:   AB  210  log.  2*322219 

! :  B A C  760 33'     log.  sin. 9987922 


BC  310* 


log.  2  491316 


To  find  D  C. 

As  A  C  B  410  13'     log.  cosee.  0181 175* 
:  AB  210  log.  2322219 

;:  DAC  21°  1'  log.  sin.  9554658 


DC  114' 


log.  205805a 


*  See  note  to  p.  49  on  the  "  Arithmetical  Complement," 
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Case  [I.    In  any  oblique-angled  plane  triangle,  given  two  sidei 
and  the  included  angle,  to  find  the  rest. 

Ai  the  sum  of  the  given  sides  :  their  difference 

: :  tan.  |  sum  of  the  unknown  angles  :  tan.  §  their  diflkrer.ee* 

The  \  difference  being  added  to  J  sum  will  give  the  greater  angle,  and  being 
subtracted  from  it  wiU  give  the  less. 

The  greater  angles  will  be  opposite  the  greater  side. 

Ex.  2.    In  the  triangle  ABC, given  a- 512  yards,  c-907  yards,  and  B  490  10',  U 
find  the  rest.  £ 

cgo7+a  $i2  =  c  +  a  1419,    ego7-a  512-c  — a  395, 


A  +  C 


H490  io'-i8o-A  +  C  i30°5o'  +  2 


To  find  A  and  C. 

As  «•»-<?  1419  log.    684801 S* 

:    a-c  395  log.    2596597 

;:  *±2  6s02$'  log.  tan.  10*339642 


65°  *5'. 


A-C 


3I°I9'    log.  tan.  9  784257 


To  find  b. 

As  A  340  6'  log.  cosec  0251345* 
:    a  512  log.  2709270. 

::  B 49°io'     log. sin.  9878875 


.   *69i 


log.  2839490 


i±5  650a5'  +  A~C  31°  I9'«C  960  44',  and  650  25'- 310  i9'«A34°6\ 
2  2 


Case  III.  In  any  oblique-angled  plane  triangle,  given  the  three 
sides,  to  find  the  angles. 

From  the  half  sum  of  the  three  given  sides  (S)  subtract  the  two 
sides  containing  a  required  angle.  To  the  logs,  of  these  numbers  add 
the  arithmetical  complement  of  the  logs,  of  the  sides ;  the  sum  of 
these  4  logs.,  rejecting  10  from  the  index,  will  be  the  log.  sin.  square, 
Table  69,  of  the  required  angle. 


Ei.  3.     In  the  triangle  ABC,  given  ««6,  *« 5,  and  0-4,  to  find  the  rest* 
«  +  o  +  c-6  +  5  +  4«i5**-7-5(S),  8  7S-&5-*  5.   8  7  5-4-3*5- 

To  find  A. 

S-A2-5  log.  0397940 

&-c?$  log.  0544068 

b    5  Ar.  Co.  log.  9301030 

e    4  Ar.  Co.  log.  9*39794° 


A  82°49*  log.  sin.  square  9*640978 


See  note  to  p.  49  on  the  "  Arithmetical  Complement."* 
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posing  it,  are  taken  from  tables,  the  term  Computation  will  be  em- 
ployed in  other  cases,  and  always  when  precision  is  required  and 
logarithm*  are  concerned.* 

(3.)  Construction  implies  (in  our  present  subject)  drawing  a 
figure  of  the  actual  case  on  a  convenient  scale,  and  in  the  proper 
proportions,  the  number  of  parts  contained  in  the  quantity  required 
to  be  measured  being  taken  from  a  scale  adapted  to  the  purpose. 

This  process  is  tedious,  and  not,  in  general,  capable  of  much  pre- 
cision, but  it  is  the  most  readily  intelligible  of  the  three  methods,  and 
is,  therefore,  the  least  open  to  mistake.  The  seaman  should,  accord- 
ingly* he  able  to  produce  a  figure  of  every  case  that  admits  one,  and 
«hould  acquire  the  habit  of  referring  to  the  figure,  in  the  mind  as 
the  only  real  security  against  mistakes  in  his  work. 

The  figure  or  natural  representation  of  the  case  is,  moreover,  the 
foundation  of  the  mathematical  treatment  of  the  question. 

1 .  Limits  of  Methods  or  Observations. 

168.  In  every  process  of  calculation,  the  elements  which  enter 
into  it,  and  which  are  either  observed  at  the  time  by  instruments,  or 
taken  from  tables,  are  liable  to  error.  Every  result,  therefore,  is,  to 
*onie  extent,  uncertain  ;  but  the  amount  of  error  of  the  final  result 

•  Solutions  of  this  kind  are  usually  divided  into  "  rigorous"  and  "  approximate/'  oi 
Indirect,  m  the  latter  are  also  called.  In  all  solutions,  however,  we  either  deal  directly  will 
the  quantities  themselves,  as  arcs,  angles,  &c.,  in  their  entire  or  integral  state,  or  we  com- 
pate  a  difference  from  a  certain  value  assumed  or  given,  and  thence  find  the  required  quan- 
tity. This  last  process  is  indirect,  but  the  former  may  be  effected  indirectly  also.  The 
terms  Integral  and  Differential  would  then,  it  is  presumed,  be  more  satisfactory,  for  the 
degree  of  approximation  obtained  is  altogether  beside  the  question  of  the  character  of  thfi 
solution.  We  do  not,  however,  on  the  present  occasion,  depart  from  the  usual  terms.  We 
•hall  merely  add,  as  some  indistinctness  prevails  as  to  the  properties  of  these  different 
solutions,  that  both  are  equally  affected  by  errors  of  observation  (as  must  of  course  follow, 
If  they  be  both  true),  and  thus  the  essential  distinction  between  them,  in  practice,  lies  la 
the  different  numbers  of  figures  which  they  respectively  require. 

There  is  another  point  on  which  we  shall  take  the  opportunity  to  make  some  remarks  tor 
the  satisfaction  of  the  scientific  reader.  In  the  present  subject  we  are  obliged,  in  most  cases, 
to  consider  the  required  quantity,  though  really  unknown,  as  if  it  were  given,  as  it  is  an 
indispensable  argument  in  reducing  the  elements  ; — thus,  in  finding  the  longitude  by  chrono- 
meter, by  the  sun,  we  must  assume  a  longitude  in  order  to  deduce  the  declination  and  equa- 
tion of  time.  Such  solutions  are,  therefore,  solutions  by  assumption,  and  the  question 
naturally  arises,  What  is  the  criterion  by  which  to  know  whether  the  result  is  nearer  the 
truth  or  further  from  it  than  the  temporary  value  employed  ? 

In  general  we  have  to  solve,  not  the  equation  «-/(jt,  y,  z),  but  ux—j  (x,  y,  z,  u*),  iu 
which  a?  is  an  assumed  value  of  «  ,  and  u,  a  first  approximation.  The  second  approximation 
Is  «,«/(*,  y,  j,  ii,),  and  so  on.  Now,  it  is  evident,  without  examining  the  successive 
differences  u' —uv  ul—us  ....  that  the  process  is  convergent,  if  u  varies  more  slowly  than 

*',  that  is,  when  -j-,  <  i.    This  is  the  case  with  aU  our  problems  within  the  limits  assigned. 

du 
When  j-,>i,  the  process  is  divergent,  or  the  results  are  worse  and  worse ;  and  when  —  i, 

du  du 

the  assumption  is  reproduced.     Again,  when  -rv  is  positive,  the  results  are  all  greater  or  aU 

less  than  the  trnth  ;  when  negative,  they  are  alternately  too  great,  and  too  small.  Hence,  in 
general,  it  depends  on  the  data,  and  not  on  the  greatness  or  smallness  of  the  error  of 
assumption,  whether  the  process  converge  in  not.  The  above,  however,  applies,  in  strict- 
**css,  only  to  small  errors  of  assumption  ;  for  large  eirors  higher  terms  mutt  be  considered. 
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•aoMwi  by  an  error  m  any  one  of  the  data  (or  quantities  given  for  the 
solution  of  the  question)  is  very  different  under  different  circuin^ 
stances,  being  in  some  cases  scarcely  perceptible,  while  in  others  it 
may  far  exceed  the  very  error  to  whicli  it  is  due. 

If  we  agree  beforehand  that  a  probable  error  of  observation  shall 
not  cause  an  error  beyond  a  certain  amount  in  the  result,  we  must 
exclude  all  those  cases  in  which  it  would  produce  a  greater  effect, 
and  we  thus  assign  Ivnits  to  the  method  or  observation. 

169.  Generally  speaking,  every  element  that  enters  into  the 
computation  is  liable  to  error,  and,  therefore,  each  element  will  have 
its  own  independent  influence  in  limiting  the  observation ;  that  is,  in 
strictness,  there  will  be  different  limits  for  each  separate  element , 
but,  for  practical  purposes,  it  is  enough  to  assign  the  limits  according 
to  that  element  of  which  the  error  is  most  important.  For  instance, 
in  finding  the  time  by  a  single  altitude  of  a  celestial  body,  we  employ 
its  altitude  and  declination,  and  the  latitude  of  the  place.  Now  the 
latitude  will  often,  and  the  declination  sometimes,  be  correctly 
known,  but  the  altitude  can  never,  from  various  causes,  be  exempt 
from  suspicion  of  inaccuracy ;  besides,  in  general,  an  error  of  altitude 
produces  a  greater  effect  on  the  result  than  an  equal  error  in  lati- 
tude or  declination.  Hence  we  limit  the  method  of  "time  by  an 
altitude  off  the  meridian*'  in  respect  of  altitude  only;  and  assuming 
that  1'  error  of  altitude  shall  not  cause  more  than  10*  error  in  the 
time,  we  limit,  for  the  more  frequented  latitudes,  the  celestial  body 
to  a  certain  bearing. 

2.  Degree  cf  Dependanee. 

170.  The  result  of  every  computation  is,  as  above  remarked, 
No.  168,  more  or  less  uncertain.  If  we  knew  the  error  in  one  of 
the  elements,  we  could  easily  find  the  effect  it  would  produce  on  the 
result,  by  working  the  computation  over  again ;  and  if,  under  the 
circumstances,  such  error  in  the  data  is  not  likely  to  exceed  a  certain 
quantity,  we  should  thus  find  the  limit  of  probable  error  ;*  for  ex- 
ample, suppose  in  finding  the  time,  the  error  of  altitude  is  not  likely 
to  exceed  2r,  and  that  the  effect  of  this  in  working  over  again  is  9*, 
we  say  that  9*  is  the  limit  of  probable  error. 

171.  Since  all  the  elements  are  more  or  less  uncertain,  there 
is  a  limit  of  probable  error  or  degree  of  dependanee  in  respect  of 
each.  Hence  the  extreme  probable  error  of  the  result  is  the  sum 
of  all  these  errors,  supposing  they  lie  on  the  same  side.  But,  in 
practice,  they  will,  in  general,  tend  to  neutralise  each  other,  and  it  is 
enough  to  estimate  the  degree  of  dependanee  in  respect  of  the  most 
important  of  them. 

172.  In  some  eases  a  small  error  of  observation  will  produce  a 
very  great  error  in  the  result ;  in  others,  a  large  error  may  not  pro- 


*  The  term  "  Degree  of  Dependanee  "  U  preferred  here  to  "  limit  of  probable  error." 
because  it  describes  in  direct  terms  the  application  or  we  of  that  limit,  which  is,  to  point  otfl. 
hew  near  the  result  may  be  depended  upon. 
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duce  a  sensible  effect.  For  example,  an  error  of  1'  in  the  lunar 
distance,  causes  an  error  of  3tt  or  w  in  the  longitude,  while  an  error 
of  several  miles  of  latitude  may  not,  in  certain  <*ases,  produce  an 
error  worth  notice  in  the  time  as  found  by  an  observation.  As  no 
nicety  in  the  mere  working  of  the  computation  can,  in  any  way, 
meet  or  counteract  errors  of  observation,  it  is  necessary,  in  forming 
a  true  judgment  of  the  place  of  the  ship,  to  try  the  effects  of  probable 
errors;  in  other  words,  to  try  the  degree  of  dependance.  Thus,  in 
the  example  of  the  lunar  alluded  to  above,  a  novice  might  conclude 
that  his  longitude  was,  to  the  exact  minute  and  second,  that  found  by 
computation;  but  a  more  experienced  computer,  knowing  that  all 
liis  elements  are  not  absolutely  correct,  and  that  his  result  can 
scarcely  be  perfectly  exact  but  by  an  accidental  compensation  of 
errors,  makes  an  allowance  for  error;  and  assuming  that  the  distance 
may  be  too  much  or  too  little  by  30*,  for  example,  considers  the 
observation  as  merely  having  established  with  certainty  the  ship's 
place  within  15'E.  or  W.  of  the  position  deduced. 

1 73.  But  the  degree  of  dependance,  besides  being  indispensable  to 
^ghtly  judging  of  the  true  place  of  the  ship,  or,  rather,  of  the  space 
on  latitude  and  longitude  within  which  she  is  to  be  found,  has  another 
important  application,  as  it  governs  the  amount  of  labour  bestowed 
on  the  computations.  For  example,  if  the  latitude  is  uncertain 
several  miles,  it  is  at  once  evident,  that  to  proceed  with  as  much  care 
and  precision  as  if  it  were  ascertained  to  a  few  seconds,  is  mere 
waste  of  time.  Similar  remarks  have  already  been  offered  in  the 
Preface,  and  they  are  particularly  directed  to  the  student's  attention, 
who  should  be  early  impressed  with  the  importance  of  improving 
his  judgment  by  continual  exercise,  instead  of  trusting  on  all  occa- 
sions to  a  mechanical  routine  of  computation. 

174.  It  is  worth  while  to  notice,  that  in  working  to  a  certain  de- 
gree of  accuracy,  as,  for  example,  to  minutes,  it  is  generally  enough 
to  employ  the  neares*  whole  minute ;  but  when  one  of  the  quantities 
varies  very  rapidly,  it  may  be  proper  to  work  closer ;  for  it  is  easv 
to  see  that  the  inaccuracy  of  half  a  minute  in  a  quantity  which  is 
multiplied  by  a  number  greater  than  1,  is  increased,  and  appears  as 
a  whole  minute. 

[l.j  Personml  Error. 

175.  The  several  errors  to  which  each  observation  is  exposed^ 
and  which  accordingly  enter  into  the  estimation  of  the  degree  oi 
dependance,  are  desenbed  in  their  proper  places;  but  there  is  one 
*hich,  though  sensible  only  in  cases  where  a  considerable  step  has 
been  made  towards  precision,  is  of  universal  application,  and  is, 
therefore,  properly  noticed  here. 

It  is  found  that  different  persons  do  not.  agree  in  the  precise 
Instant  of  observing  the  same  phenomenon.  Again,  some  persons 
are  in  the  habit  of  observing  more  or  less  closely  than  others.  The 
kind  of  error  which  is  obviously  present  in  such  cases,  is  called  th9 
jenonal  aror,  or  equation. 
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Two  observers  have  l>eeu  found  to  differ  0**4  in  the  sun's  transit 
over  the  wire  of  a  telescope. 

176.  When  two  images,  in  contact,  lie  stationary  before  two 
observers,  it  is  difficult  to  understand  why  one  of  them  should  see 
them  overlap,  or  the  other  open,  or  why  they  should  not  agree  in 
the  measure.  But  when  the  images  are  in  motion,  the  observer's 
anxiety  is  roused  lest  he  may  miss  the  observation,  and  the  excite* 
inent  may  lead  him  to  think  that  he  sees  the  contact  before  it  really 
takes  place.  Hence  there  is  reason  to  believe  that  the  personal 
equation  is,  in  some  degree,  a  matter  of  temperament. 

It  also  seems  well  ascertained  that  the  personal  equatiou  is  not 
the  same  for  the  same  individual  at  all  times,  and  that  it  is  greatly 
influenced  by  fatigue,  by  the  effort  of  observing,  and,  in  fact,  by 
every  cause  that  affects  the  nervous  system.  It  may,  therefore,  be 
advantageous  to  bear  these  circumstances  in  mind  preparatory  to 
undertaking  observations  in  which  much  accuracy  is  required. 

177.  The  existence  of  this  error  shews  that  when  much  precision 
is  required,  observations  taken  by  different  persons  should  not  be 
mixed  together  until  cleared  of  personal  errors,  since  they  may  at 
the  outset  be  presumed  to  be  affected  by  uneoual  errors ;  and  it  is 
probable  that  many  discrepancies  are  due  to  tnis  cause,  in  observa- 
tions whether  by  th*  tame  or  different  observer*. 


66a 


8pherics,  Definitions  and  Principle 

Spherics  is  that  part  of  mathematics  which  treats  of  the  positions 
and  magnitudes  of  arcs  of  circles  described  on  the  surface  of  a 
sphere. 

A  Sphere  is  a  solid  formed  by  the  revolution  of  a  semicircle  about 
its  diameter ;  this  diameter  is  immovable  during  the  motion  of  the 
semicircle. 

The  Centre  and  Axis  of  a  sphere  are  the  same  as  the  centre  and 
diameter  of  the  generating  semicircle,  and  as  a  circle  has  an 
indefinite  number  of  diameters,  so  a  sphere  may  be  considered  to 
have  an  indefinite  number  of  axes,  round  any  one  of  which  it  may 
be  conceived  to  be  generated. 

Every  Section  of  a  Sphere  made  by  a  plane  passing  through 
its  circumference  is  a  circle. 

A  Great  Circle  is  formed  by  a  plane  passing  through  the  centre 
of  the  sphere.  A  Small  Circle  is  formed  by  a  plane  that  does  not 
pass  through  the  centre  of  the  sphere.  A  sphere  is  therefore  divided 
into  two  equal  parts  by  the  plane  of  every  great  circle,  and  into 
two  unequal  parts  by  the  plane  of  every  small  circle. 

The  Poles  of  a  Circle  of  a  sphere  are  those  points  on  the  sur- 
face of  the  sphere  which  are  equally  distant  from  the  circumference 
of  that  circle.  Thus  the  poles  of  a  circle  are  the  extremities  of  that 
diameter  or  axis  of  the  sphere  which  is  perpendicular  to  the  plane 
of  that  circle.  All  points  in  the  circumference  of  a  great  circle  are 
equally  distant  from  both  its  poles. 

Small  Circles  of  the  sphere  are  those  circles  which  are  unequally 
distant  from  both  their  poles. 

The  Poles  of  every  great  circle  are  each  90°  distant  from  that 
great  circle  on  the  surface  of  the  sphere,  and  no  two  great  circles 
can  have  the  same  poles. 

The  Diameter  of  every  great  circle  passes  through  the  centre  of 
the  sphere,  but  the  diameters  of  small  circles  do  not  pass  through 
the  centre.  Thus  the  centre  of  the  sphere  is  the  common  centre  of 
all  its  great  circles. 

Parallel  Circles  of  a  sphere  are  those  small  circles  the  planes  of 
which  are  parallel  to  the  piano  of  some  great  circle.  All  parallel 
circles  have  the  same  poles,  and  may  be  conceived  to  be  concentric 
to  the  great  circle  they  are  parallel  to. 
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A  Spherical  Angle  is  the  inclination  of  two  great  circles  of  the 
sphere  meetiug  one  another.  It  is  measured  by  an  arc  of  a  great  circle 
intercepted  between  the  legs  of  that  angle,  90°  distant  from  the 
angular  point. 

A  Spherical  Triangle  is  a  figure  formed  on  the  surface  of  the 
sphere  by  the  intersection  of  three  great  circles. 

The  Shortest  Distance  between  two  points  on  the  surface  of  a 
sphere  is  an  arc  of  the  great  circle  passing  through  those  points. 

The  Stereographic  Projection  *  of  the  sphere  is  such  a  repre- 
sentation of  its  circles  upon  the  plane  of  some  great  circle,  and  thence 
called  the  plane  of  projection,  as  would  appear  to  an  eye  placed  in  one 
of  the  poles  of  that  circle,  and  thence  viewing  the  circles  of  the  sphere. 

The  place  of  the  eye  is  called  the  projecting  point  or  lower  pole, 
and  the  pole  opposite  is  called  the  opposite  or  exterior  pole; 
also  the  projection  of  any  point  on  the  sphere  is  that  point  in  the 
plane  of  projection  through  which  the  visual  ray  passes  to  the  eye. 

The  Primitive  Circle  is  that  great  circle  on  the  plane  of  which 
the  representation  of  all  other  circles  is  supposed  to  be  drawn. 

A  Right  Circle  i3  one  which  is  perpendicular  to  the  plane  of 
the  primitive  circle,  and,  if  it  be  a  great  circle,  its  plane  passed 
tnrough  the  eye  and  it  is  seen  edgewise,  consequently  it  is  represented 
by  a  straight  line  drawn  through  the  centre  of  the  primitive  circle. 

An  Oblique  Circle  is  that  which  has  its  plane  oblique  to  the  eye, 
and  is  represented  by  a  curved  line. 

Spherical  Trigonometry  is  the  art  of  computing  the  measures 
of  the  sides  and  angles  of  such  triangles  as  are  formed  on  the  surface 
of  a  sphere,  by  the  mutual  intersection  of  three  great  circles  described 
thereon. 

A  Spherical  Triangle  has  three  sides  and  three  angles. 

A  Right-angled  Spherical  Triangle  has  one  right  angle.  The 
sides  about  the  right  angle  are  called  legs ;  the  side  opposite  the 
right  angle  is  called  the  hypothenuse. 

A  Quadrantal  Spherical  Triangle  has  one  side  equal  to  90°. 

An  Oblique  Spherical  Triangle  has  all  its  angles  oblique. 

The  Circular  Parts  of  a  triangle  are  those  arcs  which  measure 
its  sides  and  angles. 

Two  spherical  triangles  are  said  to  be  supplemental  to  one 
another  when  the  sides  and  angles  of  the  one  are  supplemental  of 
the  sides  and  angle?  of  the  other,  and  one  in  regard  to  the  other  is 
called  the  supplemental  triangle. 

Two  arcs  or  angles  when  compared  together  are  said  to  be  alike 
when  both  are  less  or  greater  than  90°.  But  when  one  is  greater  and 
the  other  less  than  90°,  they  are  said  to  be  unlike. 

In  every  spherical  triangle  equal  angles  are  opposite  equal  sides, 
and  equal  sides  are  opposite  equal  angles. 


*  Stenographic  means  representing  a  solid  oa  a  plane  surface. 
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Any  two  sides  of  a  spherical  triangle  are  together  greater  than 
the  third  side. 

Each  side  of  a  spherical  triangle  is  less  than  a  semicircle  or  180°. 

In  every  spherical  triangle  the  greater  side  is  opposite  the  greater 
angle.  The  sum  of  the  three  sides  of  a  spherical  triangle  is  less 
than  360°. 

The  sum  of  the  three  angles  of  a  spherical  triangle  is  greater 
than  two  right  angles  and  less  than  six,  or  always  will  fall  between 
180°  and  540°. 

In  right-angled  spherical  triangles,  the  oblique  angles  and  their 
opposite  sides  are  of  like  affection  ;  that  is,  if  a  leg  is  less  or  greater 
than  90°,  its  opposite  angle  is  also  less  or  greater  than  90°. 

In  right-angled  spherical  triangles  the  hypothenuse  is  less  than 
90°  when  the  legs  are  of  a  like  kind ;  but  greater  Hum  90°  when 
the  legs  are  of  a  different  kind. 

In  any  spherical  triangle 

As  sine  of  either  Angle  :  sine  of  its  opposite  side 
;:  sine  of  another  angle  :  sine  of  its  opposite  side, 


Right  Spherics. 

The  celebrated  Lord  Napier,  inventor  of  logarithms,  contrived  a 
general  rule,  easy  to  be  remembered,  by  which  the  solution  of  every 
case  of  right-angled  spherical  triangles  is  readily  obtained. 

In  any  right-angled  spherical  triangle  there  are  five  parts  beside 
the  right  angle — viz.,  two  legs,  two  angles,  and  the  hypothenuse. 
The  two  legs,  the  complements  of  the  two  angles,  and  the  comple- 
ment of  the  hypothenuse  are  called  circular  parts. 

In  any  case  relating  to  right-angled  spherical  triangles  three  of 
these  circular  parts  are  concerned — viz.,  two  given  and  one  sought. 

If  the  three  concerned  are  all  joined  together,  ignoring  the  right 
angle,  the  central  one  is  called  the  middle,  and  the  other  two 
adjacent  parts. 

But  if  only  two  are  joined  together  these  are  called  the  opposite, 
and  the  other  the  middle  part. 

These  being  known,  all  the  cases  of  right-angled  spherical 
triangles  may  be  solved  by  Napier's  rules. 

1.  The  product  of  radius  and  sine  of  the  middle  part  =*  the  pro- 
duct of  the  tangents  of  the  adjacent  parts. 

2.  The  product  of  radius  and  sine  of  the  middle  part = the  pro- 
duct of  the  cosines  of  the  opposite  parts. 

N.B. — As  an  aid  to  memory  the  letter  a  occurs  in  tangent  and 
adjacent ;  and  the  letter  o  in  cosine  and  opposite.  In  the  following 
examples,  instead  of  subtracting  the  log.  sine,  cosine,  and  tangent, 
it  is  the  same  thing  to  add  the  log.  cosec,  sec,  and  cot. ;  because 
these  last  are  the  arithmetical  complements  of  the  first  (see  note, p.  49). 
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Ex.  1.    In  the  right-angled  spherical  triangle  ABC,   giren  C6i°5o',  B  C  («) 
40°  30',  B  90°,  to  find  the  other  parts. 


To  find  A. 

Bad.  cos.  A  -  sin.  C  .  cos.  • 
cos.  A  «  sin.  C  .  cos.  a 
C  -  61 c  50*     log.  sin.  9*945261 
•  -40  30      log.  cos.  9881046 
A -47  54      log.  cos.  9^26307 


To  find  AC  {b\ 
Bad.  cos.  C  .  -  cot.  b  .  tan.  « 

cot,  b  at  cos.  C  .  cot  a 

400  30' 


a 

C«6i 
6  =  61 


50 

4 


log.  cot  0068501 
log.  cos.  9  673977 
log.  cot  9  74*478 


To  find  A  B  («). 
Bad.  cos.  6-cos.  a  .  cos.  e 

oos.  e  «  sec  a  .  cos._& 

log.  sec  0*118955 


«-40°30r 
0-61  4 
c«SO    29 


log,  cos.  9684658 
log.  cos.  9  803613 


Ex.  2.    In  the  right-angled  spherical  triangle  ABC,  given  A  B  (e)  500  40',  A  C  (6) 
1 130  26*,  B  900,  to  find  the  other  part*. 

To  find  0. 
Bad.  sin.  c-gin.  6 .  sin.  C 
sip.  C  ■  sin.  c .  cosec.  b 


o-H3°26' 
c-  50  40 
C-   57  28 


log.  cosec.  0037 383 
log.  sin.  9888444 
log.  sin.      9  925827 


To  find  A. 

Bad.  cos.  A  *  tan.  c  .  cot.  b 

cos.  A  « tan.  e  .  cot  b 


<?«  50°  40' 
6=113  26 

log.  tan.  0*08^47 1 
log.  cot.  9636918 

58     4 
180  00 

log.  cos.  9723369 

A=I2I  56 

To  find  B  C  (a). 
Bad.  cos.  &«cos.  c  .  cos.  a 

cos,  q^cos.  b  sec  e 

c=   500  40*  log.  sec.  o- 198027 

6*113   26  log.  cos.  9/599536 

51     *  log.  cos.  9  797563 

1800 
a  -128   52 

Notb.— In  the.  triangle  A  B  C,  b  the  hypothenuse  being  greater  than  900,  and  e  less 
than  90°,  A  is  of  unlike  affection  to  C,  or  greater  than  90°.  Also  A  being  greater  thun 
900  its  opposite  side  a  must  also  be  greater  than  900. 

Quadrantal  spherical  triangles  are  also  solved  by  Napier's  rules  re- 
versed :  using  the  quadrantal  side  as  the  right  angle,  the  angles 
adjacent  to  it,  the  complements  of  the  other  two  sides,  and  of  tLe 
angle  opposite  to  the  quadrantal  side,  as  circular  parts. 


Oblique  Spherics. 

Case  I.     Given  two  sides  and  an  angle  opposite  to  one  of  them, 

to  find  the  angle  opposite  to  the  known  side. 

As  sin.  of  a  giren  side  :  sin.  of  its  opposite  angle 

;:  sin.  of  the  other  given  side  :  sin.  of  its  opposite  angle. 

To  find  the  3rd  side. 
As  sin.  \  diff.  of  the  two  known  angles      Or,  as  cos.  \  diff.  of  the  two  known  angi«* 

:  sin.  \  their  sum  :  cos.  \  their  sum 

;:  tan.  i  diff.  of  the    two    known   sides       ::  tan.  £  sum  of  the    two  known    sides 

;  Can.  £  the  third  side.  J         :  tan.  \  the  third  side. 
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Case  II.     Given  two  angles  and  a  side  opposite  to  one  of  them, 
to  find  the  aide  opposite  to  the  known  angle. 

As  sin.  of  a  given  angle  .*  tin.  of  its  opposite  side 

::  sin.  of  the  other  given  angle  .'  sin.  of  its  opposite  side. 


To  find  the  3rd  angle. 


As  sin.  J  diff.  of  the  two  known  sides 

:  sin.  j  their  sum 
;:  tan.  £  diff.  of  the  two  known  angles 

:  cot.  £  the  third  angle. 


Or,  as  cos  J  diff.  of  the  two  known  sides 

:  cos.  £  their  sum 
::  tan.  }  sum  of  the   two   known  angles 

:  cot.  £  the  third  angle. 


Gapes  I.  and  II.  may  also  be  solved  by  drawing  a  great  circle 
from  the  unknown  angle  perpendicular  to  the  opposite  side.  This 
divides  the  triangle  into  two  right-angled  triangles.  The  segments 
of  the  divided  side  may  then  be  found  by  right-angled  spherics. 

In  the  spherical  triangle  ABC,  given  A  840  52',  BC  or  (a)  670  5',  and  A  B  or  (c) 
55°  3»'> 

To  find  the  other  parts. 

As  sin,  a  :  sin.  A  : :  sin.  c  '.  sin.  C. 

a  =  670  5'  log.  cosec.  0035706 
A « 84  52  log.  sin.     9'998255 

c  =  55  38  log.  sin.     9916687 

C  -63  1  a         log.  sin.     9-950648 

From  B  draw  a  great  circle  B  D  perpendicular  to  A  C.    Angles  A  and  C  being  of  like 
affection,  both  less  than  900,  B  D  falls  within  the  triangle.    Then  by  Napier's  rules : 

To  find  A  C  (b). 


Bad.  cos.  C  =  eot«.tan.  DC 

tan.  DC  =» cos.  C  .  tan,  a 

«=67°  5'  log.  tan.   0373907 

C«63  12  log.  cos.    9654059 

DC  =  46  51  log.  tan. To 027966 

AD*  7  27 

#=S4  1* 


Rad.  cos.  A  -  cot.  c  .  tan.  A  D 

tan.  A  D  «•  cos.  A  tun,  e 

<?-55°  IF  log.  tan.  01 65033 

A «-•  84    52  log.  cos.  895 1696 

AD-  7    27  log.  tan.  9  1 16729 


To  find  B. 
1  sin.  a  !  sin.  A  : :  sin.  b  I  sin.  B. 


a  -670  5'  log.  cosec.  0035706 

A  =  84  52  log.  sin.      9998255 

4  =  54  18  log.  sin.      9*909601 

B-61  25  log.  sin.      9  94356a 

If  A  and  C  are  of  unlike  affection — i.e.  one  greater  and  one  less 
than  90° — the  perpendicular  will  fall  without  the  triangle,  and  the 
difference  between  A  D  and  D  C  must  be  taken  to  find  b. 

This  also  will  solve  Case  II.,  given  two  angles  and  a  side  opposite 
to  one  of  them,  to  find  the  other  parts 

£ 
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Case  III.  Given  two  rides  and  the  included  angle, 

c 


l^et  A  B,  A  C  and  the  included  angle  A  be  given.  From  one  of 
the  unknown  angles  at  C  draw  a  great  circle  perpendicular  to  the 
opposite  side.  Then  in  the  right-angled  triangle  ADC  find  A  D.  If 
the  perpendicular  falls  within  the  triangle  subtract  A  D  from  A  B  to 
find  D  B,  and  if  the  perpendicular  falls  without  the  triangle  add  A  D 
lo  A  B,  and  the  sum  is  B  D. 

To  find  B  C. 
As  cos.  of  A  D  :  cos.  of  B  D  : :  cos  of  A  C  :  cos  of  B  (X 

To  find  the  unknown  angles. 
As  sin.  of  side  just  found  :  sin.  of  the  given  angle 
::  sin.  of  either  of  the  given  sides  :  sin.  of  its  opposite  angkw 

Second  Method. 

To  find  £  sum  of  the  unknown  angles. 
As  eos.  J  sum  of  the  two  given  sides  :  cos.  J  their  diff. 
::  cot.  $  the  included  angle  :  tan.  $  sum  of  unknown  angles. 

jSorm. — This  J  sum  of  the  unknown  angles  is  of  the  same  name  as  the  £  sum  of  the  sides. 

To  find  J  diflf.  of  the  unknown  angles. 
As  sin.  \  sum  of  the  two  given  sides  :  sin.  1  their  diff. 
: :  cot.  $  the  included  angle  :  tan.  i  diflf.  of  the  unknown  angles. 

The  J  diflf.  being  added  to  the  J  sum  will  be  the  greater  angle,  and  being  subtracted 
from  it  will  be  the  less. 

In  the  spherical   triangle  ABC,  given  B  1250  36',  B  0  (a)  8i°  17',  and,  A B  (e) 
59°  >3'»  to  find  the  other  parts: 

•-  59°  13'  «-8i°i7'  B-125  36 


«- 

81 
140 
70 

17                 «-59  13 

3°*+,,             M    4 
15—              11    2 

62  48- 

~2~" 

To  find  angles  C  and  A. 

^-70°.* 

log.  sec,  0471 190 

i±5.7o°i5' 
2             J 

log.  eosee 

.  0*026329 

2 

log.  cos.  9991897 

^—•11      2 

2 

leg.  sin. 

9*281897 

?*6,  4* 

log.  cot  97f°9°4 

5-02    48 

kg.  cot. 
kg.  tan. 

9710904 

±±«?-56  it 

2 

log.  tan.  10*173991 

9*019.30 

A-C^   5  58 
J       50   13  0 

To  fine 
C-  500  13'     1 
«-  59    13      1 
B-125   36      * 
•  «U4    3$       1 

A +  0^56    11 
2     ~  62     9  A 

I  side  ft. 

og.  cosec.  01 14373 
og.  sin.     9-934048 
og.  sin,     9'9,OI44 
og.  sin.     9  958#;i 
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Case  IV.  Given  two  angles  and  the  included  side. 

c  c 


In  the  triangle  ABC  given  angles  B,  C,  and  side  BC,  a:  to 
find  the  other  parts.  Where  two  angles  and  an  included  side  are 
given,  a  great  circle  may  be  drawn  from  one  of  the  given  angles  per- 
pendicular to  the  opposite  side,  and  the  angle  BCD  instead  of  the 
segment  B  D  found.  The  difference  between  BCD  and  the  given 
angle  C  will  give  A  C  D.     Then 

To  find  the  3rd  angle. 

As  sin.  BCD:  sin.  ACD  : :  cos.  B  :  cos.  A. 

If  the  perpendicular  falls  within  the  triangle  the  angles  B  and  A  are  of  the  serae 
name ;  if  it  falls  without  the  triangle  they  are  of  different  names. 

The  Second  Method  is  the  same  as  in  Case  III.,  only  for  cots,  of 
half  included  angle  use  tans,  of  half  included  side. 

Case  V.  Given  the  three  sides  of  a  spherical  triangle,  to  find  the 
three  angles. 

Find  the  half-sum  of  the  three  sides.  Take  the  differeifce 
between  this  half-sum  and  the  side  opposite  to  a  required  angle,  then 
add  together  the  log.  cosecs.  of  the  two  sides  containing  the  angle, 
the  log.  sines  of  the  half-sum,  and  of  the  difference  between  the 
half-sum  and  the  side  opposite  the  required  angle :  Half  the  sum  of 
these  four  logs  will  be  the  log.  cos.  of  half  the  required  angle. 

In  the  spherical  triangle  ABC,  given  A B  (c)  790  56',  B  C  (a)  1 19°  36',  and  A  C  (b) 
€4°  5',  to  find  angle  B. 

a  ■  1 190  36'       log.  cosec.   060733 
c«   79    56        log.  cosec   006738 

f  263    37 

131   48  30     log  «*-  9872377 


B 


67  43  30    log,  sin.  9-966318  ^  of 

2i9^o6i66  W^'^Bu^ple. 


=  26     9  20  log.  cot.      9'953o83  I  ment  B. 

*  2 


B-52    18  40 

Case  VI.  The  three  angles  being  known,  to  find  a  side. 

Add  together  the  log.  cosecs.  of  the  two  angles  adjacent  to  the 
required  side  and  the  log.  cosines  of  the  balf-sum  of  the  three  angles 
and  the  difference  between  the  balf-sum  and  the  angle  opposite  the 
required  side.  Half-sum  of  these  four  logs,  will  be  the  log.  sine  of 
half  the  required  side. 
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Application  of  the  Preceding  Gases  in  Spherical  Trigonometry 
to  Questions  in  Nautical  Astronomy. 

The  Amplitude. 

In  these  figures  NESW  represents  the  horizon,  S  and  N  being 
its  south  and  north  points;  NZS  the  celestial  meridian;  0  the 
place  of  the  body  observed  on  the  horizon, 
OW  the  amplitude,  P  the  pole  of  the 
heavens,  PO  the  polar  distance,  less  or 
greater  than  90°,  as  the  declination  of  the 
body  observed  is  of  the  same  or  of  a  different 
name  to  the  latitude ;  Z  the  zenith.  W  E  the 
' t     prime  vertical,  and  W  Q  E  the  equator. 

From  Right  Spherics,  p.  57a. 

In  the  problem  to  find  the  amplitude  of 
a  heavenly  body,  No.  884,  there  are  given 
P  N  the  lat.  and  P  0  the  polar  distance  to 
find  0  W  the  amplitude. 

Then  in  right-angled  triangle  PON 

Kad.  x cot.  PO  -cos.  PN  cos.  ON 
cos.  ON-cos.  POsee.  PN,or 


Log.  sec.  PN  (Ut.)  +  log.  sin.  {f?ol££l(da*> 


-W  «n     i9O°-0Ni. 
-log.  8111.    1on-9o°M 

is.  0  W  the  amplitude. 

The  question  can  also  be  solved  by  the  quadrantal  triangle  ZPO, 
where  P  Z  0,  and  therefrom  0  W,  may  be  found. 


Latitude  from  Reduction  to  the  Meridian. 

From  Oblique  Spherics,  Case  I.,  p.  58a. 

Given  ZPO  the  hour  angle,  P  0  the 
polar  distance,  and  Z  0  the  zenith  distance, 
or  two  sides  and  an  angle  opposite  to  one 
of  them,  to  find  the  remaining  side  P  Z, 
or  the  colat.  at  the  time  of  observation, 
$ee  Nos.  7u0  to  704  and  explanation  of 
Table  70,  page  427. 
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Thb  Hour  Angle  and  Azimith. 


s  *s 

From  Oblique  Spheres,  Case  V.,  p.  6 1  A. 

Here  are  given :  P  Z  the  colat.,  P  0  the  polar  distance,  and  Z  O 
the  zenith  distance,  or  the  three  sides  of  the  triangle  Z  0  P ;  to  find 
either  Z  P  0  the  hour  angle,  or  P  Z  0  the  azimuth,  see  Nos.  614  and 
674. 

L.UNARS. 

From  Oblique  Spherics,  Cases  V.  and  III.,  pp.  61a  and  60a. 

The  Lunar  problem  is  fully  treated 
upon  (see  Nos.  836  to  863).  The 
figures  of  837  show  the  solution  by 
oblique  spherics,  where  first,  in  the 
triangle  «Zra,  three  sides,  the  two 
apparent  altitudes  Zm  and  Z*,  and 
the  apparent  distance  ma  are  given, 
to  find  angle  mZ«;  and  then  in  the 
triangle  M  Z  S,  two  sides,  the  two  true 
altitudes  Z  M  and  Z  S  and  the  in- 
cluded angle  Z  are  given,  to  find  the 
true  distance  M  S. 

Double  Altitude. 

From  Oblique  Spherics,  Cases  III.  and  V.,  pp.  60a  and  61a. 

For  two  altitudes  of  the  same  body  the  solution  of  this  problem 
is  fully  given  at  No  757,  and  figure  at  p.  268,  where  right  spherics 
are  used :  see  p.  57a.  If  diff- 
erent bodies  are  used,  the 
problem  is  solved  by  oblique 
spherics. 

Fig.  1  illustrates  a  double 
altitude  where  the  observa- 
tions are  taken  of  the  same 
body  and  right  spherics  are 
used.  In  this  case,  A  and  B 
are  the  places  of  the  body  in 
the  two  observations ;  PA, 
F-    x  $      P  B>   the  polar  distances ; 
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Z  A,  Z  B  the  zenith  distances ;  A  P  B  the  polar  angle  or  interval, 
P  D  is  drawn  perpendicular  to  A  B,  dividing  A  P  B  into  two  equal 
part  8  ;  Z  F  is  drawn  perpendicular  to  P  D. 

Fig.  2  illustrates  the  problem  where  observations  of  two  different 
bodies  are  taken,  and  the  problem  solved  by  oblique  spherics.  See 
No.  770,  Note  to  pages  273,  274,  and  figure  at  page  268. 

Sumner's  Method. 

From  two  altitudes  of  the  same  heavenly  body  taken  at  a  requi- 
site interval  apart,  or  two  altitudes  of  different  stars  (having  the 

requisite  interval  in  azimuth)  taken 
at  the  same  time,  two  small  circles 
(circles  of  position)  may  be  described, 
the  intersection  of  which  #  will  be  the 
place  of  the  ship,  allowing  for  her  run 
in  the  interval. 

In  the  figure  A  and  B  represent 
the  places  of  the  body  or  bodies  at  the 
time  or  times  of  observation.  From 
these  points  as  centres,  with  the  zenith 
distances,  small  circles  are  drawn,  the 
intersection  of  which  will  be  the  zenith 
of  the  observer,  or  place  of  the  ship. 
The  intersection  of  tbeee  circles  will  be  represented  on  the  cbart 
by  the  two  straight  lines  C  D  and  F  G,  drawn  at  right  angles  to  Z  A 
and  Z  B,  the  bearings  of  the  body  or  bodies  at  the  time  of  observa- 
tion. Full  explanation  of  this  useful  method,  with  an  illustrative 
chart,  will  be  found  under  Nos.  1009  to  1014. 

Great  Cibcle  Sailing. 
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From  Oblique  Spherics,  Case  III.,  p.  60a. 

Given  P  A  and  P  B  the  two  colats.  and  A  P  B  the  diff.  long.,  to  find 
A  B  the  distance  and  A  and  B  the  courses  from  one  place  to  the 
other ;  or  given  two  sides  P  A  and  P  B,  and  included  angle  A  P  B,  to 
find  the  other  parts. 

The  position  of  the  vertex  D  will  be  found  from  the  right- 
angled  triangles  A  P  D  or  B  P 1),  This  problem  is  fully  treated  upon 
in  Nos.  336  to  347. 

9  Achartlet  showing  this  iutersfctiou  will  b«  found  in  Leck/s  Wrinkles,  9th  edit.  y.  50* 
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CHAPTER  I. 

Definitions. 

178.  By  the  general  term  Navigation  is  meant  that  science 
*  hieh  relates  to  the  determination  of  the  place  of  a  ship  on  the  sea. 

179.  The  place  of  a  ship  is  determined  by  either  of  two  methods, 
which  are  independent  of  each  other :  1st,  by  referring  it  to  some 
other  place,  as  a  fixed  point  of  land,  or  a  former  place  of  the  ship 
herself;  2d,  by  astronomical  observation. 

The  first  of  these  methods  is  treated  under  the  head  of  Naviga* 
iion;  the  second,  under  that  of  Nautical  Astronomy. 

180.  The  earth  is  nearly  a  globe  or  sphere :  this  is  proved  in 
three  ways.  1st.  When  a  vessel  is  seen  at  a  considerable  distance 
on  the  sea,  in  any  part  of  the  world,  the  hull  is  partly  or  entirely 
concealed  by  the  water,  though  the  masts  are  visible.  2d.  The 
shadow  of  the  earth  thrown  on  the  moon  when  the  earth  is  between 
the  sun  and  the  moon  is,  in  all  positions  of  the  earth,  circular.  3d. 
The  earth  has  been  sailed  round. 

The  earth,  however,  is  not  exactly  spherical,  but  of  the  figure 
called  an  oblate  spheroid,  which  resembles  an  orange,  the  shortest 
diameter  (that  which  joins  the  poles)  being  7899  statute  miles,  and 
that  of  the  fullest  parts  (about  the  equator)  being  nearly  26  more. 


181.  The  earth  turns  once  round  in  24  hours.  The  line  round 
which  it  revolves,  and  which  is  the  shortest  diameter,  is  callrd  thr 
axis,  and  it*  extremities  are  the  North  and  Sooth  Poles,  as  N,  8. 
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182.  The  Equator,  called  also  the  Equinoctial  Line,  or  vulgarly 
the  Line,  is  a  circle  equidistant  from  both  poles,  as  WME,  and 
dividing  the  globe  into  two  half  globes,  or  hemispheres,  NWE  and 
SWE. 

At  all  places  on  this  eureie  tne  son  ntcs  at  6  a.m.,  and  sets  at 
6  p.m.,  all  the  year  round ;  the  days  and  nights  are  thus  equal,  being 
12  hours  each. 

183.  A  Meridian  is  a  semicircle  joining  the  two  poles,  as 
N  A  S,  N  B  S.  Every  portion  of  the  meridian  lies  north  and  south , 
and  places  lying  north  and  south  of  each  other  are  said  to  be  on  the 
same  meridian. 

184.  Latitude  is  the  distance  from  the  equator,  measured  on  a 
meridian ;  thus  the  latitude  of  a  place  A  is  A  M,  the  latitude  of  B  is 
BK. 

Latitude  is  named  north  or  south,  according  as  the  place  is  north 
or  south  of  the  equator.  Thus  A  is  in  north  latitude,  B  is  in  south 
latitude. 

185.  The  Colatitudb  is  the  complement  of  the  latitude  to  90° ; 
thus  N  A,  S  B,  N  C,  are  the  colatitudes  of  the  places  A,  B,  C. 

The  colatitude  reckoned  from  the  other  pole  is  the  sum  of  the 
latitude  and  90°;  thus  the  colatitude  of  A  is  also  S  A,  which  is 
90»+  M  A  (the  latitude  of  A) :  N  B  is  the  colatitude  of  B. 

186.  Latitude  is  measured  in  degrees,  minutes,  and  seconds.  A 
minute,  or  nautical  mile,  contains  about  6082  feet,  or  1013  fathoms, 
and  therefore,  a  second  is  about  101  feet,  or  17  fathoms  nearly. 
See  p.  104,  note,  and  Spheroidal  Tables,  p.  724. 

187.  Circles  parallel  to  the  equator,  that  is,  equidistant  from 
it  in  every  point,  are  parallels  of  latitude ;  as  A  P  H,  b  B.  Two 
places  in  the  same  latitude  are  said  to  lie  on  the  same  parallel 

188.  The  Difference  of  Latitude  ot  two  places  is  the  portion  of 
Ihe  meridian  included  between  their  parallels.  Thus,  A  b  is  the  dif- 
ference of  latitude  of  the  two  places  A,  B ;  C  H  is  that  between 
A  and  C. 

The  difference  of  latitude  of  the  ship  is,  therefore,  the  distance  she 
makes  good  in  a  north  and  south  direction. 

Difference  of  latitude  is  also  called  Northing  and  Southing,  and  is 
marked  N.  or  8.     It  is  then  said  to  be  one  of  these  names. 

189.  It  is  evident,  that  when  two  places  are  on  the  same  side  of 
the  equator,  their  diff.  lat.  is  found  by  subtracting  the  lesser  latitude 
fiom  the  greater;  and  that  when  they  are  on  opposite  sides  of  the 
equator,  that  is,  when  one  place  is  in  north  latitude,  and  the  other  in 
south  latitude,  the  sum  of  their  latitudes  is  their  diff.  lat.  Thus  the 
diff.  lat.  of  A  and  B,  which  is  A  b,  is  the  sum  of  the  north  latitude 
A  M,  and  the  south  latitude  B  K,  or  M  b. 


Si.  I .     Find  the  diff.  Int.  of  Cape  Clear  and 
Cape  Finisterre. 

Cape  Clear 510  16' N. 

Cape  Finisterre ...  42     54  N. 


Ex.  2.     Find  the  diff.  lat.  of  Cape  Verd  and 
Cape  St.  Roque. 

Cape  Verd 140  43'  N. 

Cape  St.  Roque        5    28  S. 

Dirr.  lat.    S    31  »  Di rr.  lat.    10    if 
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K*.  3.    A  ahip  sails  from  Ut.  50°  19'  N.  to  |  Ex.  4.    A  ship  Mill  from  1st.  i°  11  N  to 
+8°  12'  N. :  find  her  diff.  lat  l  o°  13'  S. :  find  her  diff.  lat 


lat.  left 500 

Lat.  in     48 

DftF.  lat.     2 


19' N. 
i*  N. 
7  or  127  miles. 


Ut.  left  i°  11'  N. 

Lat.  in     o 13  8. 

Dirr.  lat.     1    24  or  84  milra. 


Bsmtplmfw  KxerciM. 

Required  the  diff.  lat.  between  the  following  places : 

1.  Between  a  place  A  in  lat  420  21'  N.,  and  another  place  B  *•>  lat.  370  32'  N. 

Ans.  289  miles. 

Ans.  4716  mQes. 

Ans.  6447  miles. 


2.  Between  Halifax  and  the  Cape  of  Good  Hope. 

3.  Between  Diego  Ramirex  and  Cape  Lopatka. 


190.  When  a  ship  in  north  latitude  sails  north  she  evidently  in 
creases  her  latitude;  and  so,  likewise,  when  in  south  latitude  she 
sails  south ;  because,  in  these  cases,  she  increases  her  distance  from 
the  equator,  at  which  the  latitude  begins. 

But  if  in  north  latitude  she  sails  south,  or  in  south  latitude  she 
sails  north,  she  diminishes  her  latitude. 

Hence,  when  one  latitude  and  the  diff.  lat.  are  given,  the  other 
latitude  is  easily  found. 


Ex.  1.    A  ship  from  43°  3c/  S.  sails  219 
mOes  south :  required  her  lat.  in. 

Lat.  left 430  30' S. 

Diff.  lat  219' j     39  8. 

Lat.  in    47      9  8. 

Ex.  2.    A  ship  from  lat.  43°  11'  N.  makes 
194  miles  southing :  required  her  lat  in. 

Lat  left   430  n'N. 

Diff.  lat.  194'  ...  j 14  8. 

Lat.  in  39    57  N. 


Ex.  3.    A  ship  from  lat.  i°  3'  N.  sails  it) 
mQes  south :  required  her  lat  in. 

Lat  left i°  3'N. 

Diff.  lat  123' 2    3    8. 

Lat.  in     1    o   8. 

The  ship  being  in  i°  3',  or  63  miles  N.  of 
the  equator,  must  evidently  be  in  8.  lat 
after  making  123  miles  southing.  Thus,  it 
subtracting  one  of  the  quantities  from  the 
other,  the  difference  takes  the  norm  of  the 
greater. 


Ermmflmfor  BstrtUe. 

1.  A  ship  from  lat.  590  27'  S.  sails  southward  until  her  diff.  lat.  is  374 :  find  her  present 

lat.  Ans.  65°  41'  S. 

2.  Ut  left  480  2'  8.  diff.  lat.  149  N. ;  what  is  the  lat  in  ?  Ans.  450  33'  8. 

3.  Lat  left  530  4'  N.  diT.  lat.  122'  N. ;  find  the  lat  in.  Ans.  550    6'  N. 

4.  Lat  left  o°  o',  diff.  lat.  20  13'  S. ;  what  is  the  lat.  in?  Ans.     20  13'  8 

191 .  Longitude  is  the  distance  measured  on  the  equator  between 
the  meridian  of  a  given  place  and  another  meridian,  called  the  first 
meridian.*  The  first  meridian  with  us  is  the  meridian  of  Green- 
wich Observatory;  thus,  if  G  be  Greenwich  (fig.  in  No.  180),  the 
longitude  of  A  is  I)  M,  the  longitude  of  B  is  D  K. 

The  longitude  of  a  place  is  named  East  or  West,  according  as  it 
is  to  the  east  or  west  of  the  first  meridian ;  thus  A  is  in  west 
longitude,  H  is  in  east  longitude. 


*  The  first  meridian  is  a  matter  of  arbitrary  choice  amongst  different  nations ;  thue,  the 
French  refer  to  Paris.  It  is  therefore  necessary ,  in  taking  op  a  chart,  to  observe  what  HMffc 
liaii  the  longitude  is  reckoned  from.    See  p.  395. 
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192.  We  may  use  either  the  longitude  of  one  name  or  the  sui*. 
piemen t  to  360°,  with  the  contrary  name;  thus,  instead  of  106°  \V. 
ire  iray  say  194°  E. 

193.  Longitude  is  measured  either  in  space  (or  arc),  that  is,  in 
degrees,  minutes,  and  seconds;  or  in  time,  that  is,  in  hours,  minutes, 
arid  seconds,  each  hour  b^ing  equal  to  15  degrees;  for  the  sun. 
which  regulates  the  time,  returns  to  the  same  meridian  again,  after 
describing  a  complete  circle,  or  360°,  in  24  hours,  and  15  x  24  is  360. 

194.  The  Difpbrbncb  op  Longitude  of  two  places  is  the  portion 
of  the  equator  included  between  their  meridians ;  thus  M  F  is  the 
diff.  long,  of  A  and  C,  as  also  of  A  and  H,  and  of  b  and  C.  To 
measure,  therefore,  the  diff.  long,  of  two  places,  we  must  follow  down 
their  meridians  to  the  equator,  and  then  take  the  included  portion  of 
the  equator  itself.* 

195.  When  two  places  are  on  the  same  side  of  the  first  meridian, 
their  diff.  long,  is  found  by  subtracting  the  lesser  longitude  from  the 

£  eater;  thus  the  diff.  long,  of  C  and  P,  that  is,  the  difference 
tween  DF  and  DR,  is  KF.  But  where  the  places  are  on 
opposite  sides  of  the  first  meridian,  that  is,  when  one  place  is  in 
east  longitude  and  the  other  in  west  longitude,  the  sum  of  their 
longitudes  is  the  diff.  long. ;  thus  the  diff.  long,  of  A  and  P,  as  also 
of  A  and  B,  is  M  K,  which  is  the  sum  of  M  D  and  K  D. 

When  one  longitude  being  east  and  the  other  west,  the  sum 
exceeds  180°,  take  the  supplement  to  360°  for  the  diff.  long. 


Ex.  1.    Find  the  diff.  long,  of  Uihant  sad 
the  east  point  of  Madeira. 

Uihant 50     3'W. 

B.  point  of  Madeira      16 39  W. 

Diff.  low  a.  1 1     36 

Kx.  2.     Find  the  diff.  long,  of  the  Cape  of 
Good  Hope  and  Tristan  d'Acunha. 
Cape  of  Good  Hope      180  09'  £. 
Tristan  d'Acunha    ...   rz      2  W. 
Diff.  lono.  30    31 


Ex.  3.    A  ship  saQs  from  longitude  70  $6 
W.  to  180  3a'  W.:  And  her  diff.  long. 

Long,  left 70   56' W. 

Long,  in  18 32  W. 

Diff.  long.  10    36 

Ex.  4.    A  ship  sails  from  longitude  i°  20 
W.  to  20  17'  E. :  find  her  diff.  long. 

Long,  left i°  20' W. 

Long,  in  »     17  B» 

Diff.  lono.     3    37 


Example*  for  Exerette. 

Required  the  difference  of  longitude  between  the  following  places : 

1.  Between  Halifax  and  the  Cape  of  Good  Hope.  A  us.  4924 . 

2.  Between  Ushant  and  St.  Michael's.  Ans.  123?. 

3.  Between  Diego  Ramirez  and  C.  Lopaika.  Ans.  8071'. 

4.  Between  New  York  and  Manila.  Ans.  9899'. 

196.  When  a  ship  in  E.  long,  sails  east,  or  in  W.  long,  sails  west, 

*  Since  the  meridians  are  an  parallel  at  the  equator  and  meet  at  the  poles,  the  distance 
between  any  two  meridians,  measured  east  and  west,  is  less  as  the  latitude  is  greater ;  that  is, 
the  absolute  number  of  miles,  or  of  feet,  in  a  degree  of  longitude,  is  less  as  the  latitude  in 
which  they  are  measured  is  greater.  Hence,  also,  a  given  number  of  miles  between  two 
meridians  corresponds  to  a  greater  diff.  lone,  as  the  latitude  in  which  they  are  measured  is 
greater.  For  example,  two  places  in  lat.  l(r  and  distant  40  miles  east  and  west  from  each 
other,  have  40/-6  diff.  Ion?.  In  lat.  5<T  two  places  similarly  situated  have  1*  7*2  diff.  long. 
Questions  of  this  kind  are  solved  by  the  rules  of  Parallel  Sailing. 
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she  evidently  increases  her  longitude,  or  the  distance  from  the  first 
meridian.  But  if  in  E.  long,  sue  sails  west,  or  in  W.  long,  she  sailt 
east,  she  diminishes  her  longitude.  Hence,  when  one  longitude  id 
given,  and  also  the  diff.  long.,  the  other  longitude  is  easily  found. 

Ei.  1.    A  ship  from  long.  31°  40'  E.  sails 
east  30  9' :  find  the  long.  in. 

Long,  left 310  40' E. 

Diff.  long 3      9  E. 


Long,  in  34    49  E. 

E  j  .  2.     A  ship  from  long.  070  45'  W.  makes 
i°  1 1'  easting :  find  the  long.  in. 

Long,  left    970  45'  W. 

Diff.  long.    _i 11  E. 

Lomo.  in  96     34  W. 


Ex.  3.     A  ship  from  long.  o°  32'  W  makrt 
20  8'  easting  :  find  the  long.  in. 

Long,  lea  o°  31' W. 

Diff.  long 2 8  E. 

Long,  in   i 


Ex. 


36  E. 


4.     A   ship   from   long.    178^    54'  W 
makes  30  4  westing  :  find  the  long.  in. 

Long,  left  178°  54'  W. 

Diff.  long 3      4  W. 


Long. in  181 
Or  (by  No.  195)     178 


58  W. 
2  E. 


Exmmpletfor  Exercise, 

1.  Long,  left  i°  25'  W.  dhf.  of  long.  85'  E :  what  is  the  long,  in  ?  Ans.     o°  o 

2.  Long,  left  o°  o',  diff.  of  long.  146'  W  :  the  long,  in  is  required.  Ans.      20  26'  W. 

3.  Long,  left  o°  o',  diff  of  long.  122'  E  r  what  is  the  long,  in  ?  Ans.      2°   2'  E. 

4.  Long,  left  1600  20'  W.  diff.  of  long,  410  20'  W :  find  the  long.  in.  Ans.  1 5 8°  to'  E. 

5.  Long.  left.  1790  ic/  E.  diff.  of  long.  84'  E. :  what  is  the  long,  in  ?  Ans.  1790  26'  W. 

197.  The  Course  steered  is  the  angle  between  the  meridian  and 
the  ship's  head.  The  course  made  good  is  the  angle  between  tin 
meridian  and  the  ship's  real  track  on  the  surface  of  the  sphere. 

The  course  is  reckoned  from  the  north,  towards  the  east  or  west, 
when  the  ship's  head  is  less  than  eight  points  from  the  north  point. 
The  same  applies  to  the  south  point  The  course  is  measured  iu 
points  of  11°  15'  each,  or  in  degrees  and  minutes. 

198.  The  track  of  the  ship  while  preserving  the  same  angle 
with  all  the  meridians  as  she  crosses  them  in  succession,  is  called 
the  Rhumb  Line. 

199.  The  Distance  between  two  places,  or  the  distance  run  by 
the  ship  on  a  certain  course,  is  measured  in  nautical  miles  of  GO 
to  the  degree  of  latitude.  See  p.  104,  note,  and  Table  64  A. 
Three  such  miles  make  a  nautical  league. 

200.  The  Departure  is  the  distance  in  nautical  miles,  made  good 
by  the  ship  due  east  or  west ;  or  the  distance  between  two  places 
measured  along  their  parallel. 

Departure  is  marked  east  or  west,  according  as  it  is  made  good 
towards  the  east  or  west,  and  is  accordingly  called  easting  and  west- 
ing; such  easting  and  westing  being,  however,  expressed  in  miles, 
and  not,  like  longitude,  in  arc. 

Thus,  if  a  ship  sails  from  a  place  A  to  another  as  B,  A  B  is  the 


tittiiice;  A  C  drawn  N.  and  S.,  or  in  the  meridian,  shews  the  angle 
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CAB  the  course  ;  B  C  drawn  E.  and  W.,  or  perpendicular  to  C  A, 
ii  the  departure ;  and  A  C  is  the  diff.  lat. 

201.  The  Bearing  of  an  object  or  place  is  the  angle  contained 
between  the  meridian  and  the  direction  of  the  object,  and  is  the  same 
thing  as  the  course  towards  it. 

Taking  a  bearing  of  an  object  is  called  setting  it. 

The  bearings  of  two  objects,  taken  from  the  same  place,  consti- 
tute cross  bearings,  the  lines  of  direction  of  the  two  objects  intersecting 
or  crossing  each  other  at  the  place  of  the  observer. 

20*2.  Leeway  is  the  angle  included  between  the  direction  of  the 
ship's  keel  and  the  direction  of  the  wake  she  leaves  on  the  surface  of 
the  water. 


Thus  the  vessel  C,  while  she  moves  through  the  water  in  the 
direction  of  her  length,  iu  the  line  C  B,  is  at  the  same  time  pressed 
to  leeward  of  this  line  by  the  force  of  the  wind,  supposed  in  the 
figures  to  blow  on  the  vessel's  left  or  port  side ;  her  wake,  or  actual 
path  through  the  water,  appears  therefore  to  windward  of  the  line 
which  she  endeavours  to  Keep,  as  is  represented  by  the  line  CL. 
The  angle  A  C  L  is  the  leeway. 

The  course  steered  (No.  197)  is  the  angle  N  C  B,  N  C  being  the 
meridian;  the  course  made  good  is  NCD,  the  line  CD  being 
determined  by  producing  L  C. 

203.  The  Dead  Reckoning  is  the  account  kept  of  the  ship's  place, 
without  reference  to  astronomical  observation.  It  is  written  D.  R. 
for  shortness. 

204.  The  Visible,  or  Sea  Horizon,  is  the  apparent  boundary  of 
the  surface  of  the  water,  which  appears  to  the  eye  the  circumference 
of  a  circle. 

206.  The  Depression,  or,  as  it  is  called  by  abbreviation,  Dip,  is 
the  angle  through  which  the  sea  horizon  appears  depressed,  in  con- 
sequence of  the  elevation  of  the  spectator. 

Suppose  the  spectator  at  A,  above  the  sea,  and  A  H  a  line 


perpendicular  to  the  plumb-line  at  A,  which  tends  to  the  centre; 
A  H  is  the  true  level,  or  horizontal  line,  and  the  angle  H  A  B,  in* 
eluded  between  it  and  the  line  A  B,  touching  the  sea,  is  the  dip. 
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The  dip  depends  on  the  distance  in  nautical  miles  of  the  visible 
horizon.  Thus,  to  the  ejre  30  feet  above  the  sea  the  true  dip  is  6^,  or 
ihe  distance  of  the  honzon  itself  is  about  6  miles.  This  is  easily 
proved  thus. 

Let  C  be  the  centre  of  the  earth,  O  the  place  of  the  observer ; 
then  the  line  O  B  drawn  touching  the  surface 
at  B  determines  B  the  farthest  point  visible  to 
him.  Draw  O  H  perpendicular  to  O  C,  then 
since  O  B  touches  the  circle  at  B,  the  angle 
C BO  is  a  right  angle  (No.  138,  Cor.)  Hence 
BC  A  is  the  complement  of  C  O  B,  and  H  O  B 
b  also  the  complement  of  COB  (COH— 90°), 
therefore  AC B  and  HOB  are  equal. 
The  depression  is  given  in  Table  8. 

206.  Tue  Altitude  of  a  terrestrial  or  celes- 
tial object  above  the  sea  horizon  is  the  angle  included  between  the 
line  drawn  from  the  eye  to  the  object,  and  the  line  from  the  eye  to 
the  horizon.  Thus,  the  angle  M  AB  is  the  altitude  of  the  summit 
M.  The  altitude  here,  in  consequence  of  the  great  elevation  of  the 
spectator  at  A,  about  -fa  of  the  radius,  or  330  miles,  is  less  than  tho 
dip,  or  the  summit  M  is  really  below  the  true  horizontal  line  AH. 
This  may  take  place  when,  from  the  small  height  of  the  object  with 
respect  to  that  of  the  observer,  or  its  great  distance,  it  is  seen  very 
little  elevated  ;  but  in  most  cases  A  M  will  fall  above  A  H . 

207.  The  rays  of  light  which  pass  from  any  distant  object  on  the 
earth  suffer  a  change  in  their  direction,  which  is  called  the  teire&tiial 
refraction,  by  which  the  object  appears  in  general  higher  than  its 
true  place.  This  effect  is,  on  the  average,  about  ^  of  the  intercepted 
arc,  or  distance  in  miles,  which  are  minutes  of  a  degree  very  nearly. 
Thus,  an  object  twenty-eight  miles  distant  is  raised  about  2/  above 
its  true  place.  The  sea  horizon  is  thus  raised  by  refraction,  or  the 
apparent  dip  (Table  30)  is  less  than  the  true. 

This  proportion,  however,  is  subject  to  great  irregularity,  and 
varies  between  \  and  -fa  of  the  intercepted  arc.  The  apparent  eleva- 
tions of  the  summits  of  high  land  are  thus  subject  to  great  variations, 
depending  on  particular  states  of  the  air. 

208.  The  apparent  place  of  the  sea  horizon  differs  also  in  differ- 
ent temperatures  of  the  sea  and  air.  When  the  sea  is  warmer  than 
the  air,  the  horizon  appears  below  its  mean  place,  or  that  at  which  it 
appears  when  the  air  and  water  are  of  the  same  temperature,  or  the 
apparent  dip  is  too  small ;  when  the  sea  is  colder  than  the  air,  the 
horizon  appear?  above  its  mean  place,*  or  the  apparent  dip  is  too 
great. 


*  Admiral  W.  F.  W.  Owen  informs  me  that  he  found  on  one  occasion,  in  observing  a  star's 
altitude,  a  change  of  4  in  the  place  of  the  sea  horizon,  in  the  tropics,  soon  after  sunset.  Mr. 
Fisher  observed  a  variation  in  the  place  of  the  horizon  of  1 8'  in  the  arctic  regions.  In  summer 
Ihe  ice  horizon  was  elevated,  not  depressed  ;  in  the  winter  it  was  depressed  several  minutes. — 
(Appendix  to  Captain  Party's  Voyage \n  1821-3,  p.  187.).  These  observations,  however,  do 
aot  all  follow  the  rule  above.  A.  table  for  correcting  the  apparent  place  of  the  sea  horizon  for 
the  difference  of  t»  mperature  of  the  sea  and  the  air,  according  to  the  height  of  the  eve,  would 
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Colonel  Sabine  gives  a  table  of  depression*  observed  from  tbe  gangway  of  H.M.S. 
Pheasant,  at  15ft.  lin.  above  the  aea,  in  tbe  Gulf  Stream,  and  after  leaving  h  *  On 
Dec.  5,  1822,  Int.  36°|  N.,  long.  72°£  W.,  at  10"  a.m.,  the  temperature  of  tbe  sea  being 
70°,  that  of  the  air  60*,  tbe  dip  observed  by  Wollaston's  dip  sector  was  4'  57",  or  l'  6" 
more  than  the  table.  At  noon  the  temperature  of  the  water  had  changed  to  62°  4,  the 
air  at  60°  as  before,  the  ship  having  passed  from  the  warmer  water  of  tbe  stream  to  the 
colder  water  of  the  rest  of  the  ocean,  and  the  dip  observed  w«s  3'  37".  From  the  result 
of  his  observat  ons,  Colonel  Sabine  considers  that  the  navigator  will  be  right  nine  times 
in  ten  in  assuming  that,  when  the  sea  is  warmer  than  the  air,  the  tabular  d»p  is  too  small. 
In  only  one  case,  however,  did  this  error  ever  amount  to  so  much  as  1'  56",  the  sea  being 
then  at  49°,  an  J  the  air  at  38°,  or  the  difference  11°;  and  it  is  important  to  remark  that 
the  error  of  the  table  is  by  no  means  proportional  to  the  difference  of  these  temperature*, 
which  in  one  case  was  no  less  than  29°. 

Numerous  instances  are  on  record,  in  the  accounts  of  modern  navigation,  of  errors  of 
observation  arising  from  variation  in  the  pl«oe  of  the  sea  horizon. 

209.  Besides  the  vertical  effect  of  refraction  above  described, 
some  instances  have  been  recorded  of  a  sensible  change  in  the  liori- 
gontal  direction  of  objects.  Mr.  K.  B.  Martin  observed  a  change  in 
the  true  direction  of  a  point  of  land  in  the  Azores,  towards  sunset. 
He  also  mentions  an  extraordinary  change  in  the  direction  of 
C.  Grisnez  light  as  seen  from  Ramsgate  at  the  close  of  a  very  hot 
day ;  on  which  occasion,  also,  distant  objects  were  elongated  horizon- 
tally till  they  seemed  to  separate  into  parts.   ("Naut.  Mag."  1847.) 

Lieutenant  Wilkes  observed  from  the  summit  of  Mowna  Roa,  the  sun's  horisonta) 
diameter  lengthened  out  to  twice  and  a  half  the  vertical  one.  ('*  Narrative  of  the  United 
State*  Exploring  Expedition,"  1838-42  )  In  the  Suney  of  the  Isthmus  of  Tehuantepec, 
under  Senor  G.  Moro,  in  1842-3,  the  refractions  at  San  Mateo  on  the  Pacific, "  especially 
the  lateral  ones,"  produced  the  strangest  illusions,  f 

210.  The  Tropics  of  Cancer  and  Capricorn  are  the  parallels  of 
latitude  23°  28'  N.  and  S.  These  are  the  dotted  lines  nearest  the 
equator  (6g.  in  p.  55).  The  sun  is  vertical  at  noon  twice  in  the  year 
to  every  place  between  the  tropics,  and  never  to  any  place  outside 
of  them.  The  space  between  the  tropics  is  called  the  Torrid 
Zone,  on  account  of  its  heat. 

211.  The  Arctic  Circle,  or  North  Polar  Circle,  and  the  Ant- 
arctic Circle,  or  South  Polar  Circle,  are  parallels  distant  23°  28' 
from  each  pole,  and  are  therefore  in  latitude  66°  32'.  These  are  the 
dotted  lines  nearest  the  pole.  Within  these  circles  the  sun  does  not 
set  during  part  of  the  summer,  nor  rise  during  part  of  the  winter. 

The  spaces  within  these  circles  are  called  the  Frigid  Zones, 
on  account  of  the  cold.  The  spaces  between  the  tropics  and  the 
polar  circles  are  called  the  Tkmperate  Zones. 

be  useful ;  hut  there  arc  scarcely  anj  data  for  the  construction  of  such  a  table,  and  the 
theory  itself  appears  not  to  be  complete. 

The  above  variation  of  the  place  of  the  apparent  horizon,  with  mirage,  reflected  images, 
and  other  optical  illusions,  were  first  discussed,  generally  as  questions  of  unequal  tempera- 
ture alone,  by  M.  Bior,  Mem.  de  I'lnstitut,  1809. 

•  Account  of  Experiments  to  determine  the  Figure  of  the  Earth.  London,  1825,  p.  454. 

t  It  is  easy  to  conceive,  that  if  a  mass  ot  air  of  different  density  from  the  rest  be  inter* 
posed  between  the  speciator  and  the  object,  and  if  also  the  sides  or  faces  which  he  looks 
through  be  not  exactly  parallel,  it  will  have  the  effect  of  a  prism,  and  will  seem  to  throw 
the  object  to  the  right  or  left  of  its  true  direction.  If  the  Mirfaces  are  curved,  the  ehVel 
sf  uiaguifjing  or  diminishing  will  ocour  at  the  same  time. 


CHAPTER  IL 

Instruments  op  Navigation. 

1.  The  Compass.    II.  The  Log  and  Glasses. 

The  necessary  instruments  of  navigation  are  the  Compass,  by 
the  aid  of  which  the  coarse  of  the  ship  can  be  directed ;  and 
the  Log,  which,  with  the  help  of  sand-glasses  for  measuring  small 
intervals  of  time,  or  a  watch  showing  seconds,  gives  the  velocity 
or  rate  of  the  ship,  and  thence  the  distance  run  in  any  interval 
of  time. 

I.  The  Compass. 

212.  Before  the  invention  of  the  Compass,  the  course  of  the 
uhip  was  directed  by  reference  to  the  land,  or  to  the  position  of 
the  heavenly  bodies ;  but  when  those  objects  were  obscured,  the 
seaman  must  sometimes  have  been  much  perplexed. 

The  pointing  or  directive  property  of  the  magnet,  on  which 
the  efficiency  of  the  compass  mainly  depends,  appears  to  have 
been  known  to  the  Chinese,  and  made  use  of  by  them  in  travel- 
ling by  land  and  sea,  in  times  of  remote  antiquity.  The  an- 
cient Greeks  and  Romans,  though  familiar  with  the  magnet, 
were  not  apparently  aware  of  its  directive  property,  nor  were 
their  descendants  till  the  beginning  of  the  thirteenth  century. 
About  that  time  the  seamen  of  the  Mediterranean  gradually 
became  acquainted  with  the  fact,  that  a  piece  of  magnetised  steel, 
shaped  like  and  commonly  called  a  needle,  would,  if  allowed  to 
turn  freely  about  its  centre,  always  come  to  rest  in  the  same 
direction,  and  that,  by  reference  to  its  pointing,  they  could 
roughly  check  or  direct  the  course  of  the  vessel. 

Thus,  before  the  seamen  of  those  days  were  two  problems. 
First,  the  best  means  of  giving  to  the  needle  freedom,  to  take 
up  any  horizontal  direction-,  and  of  indicating  the  direction 
of  the  ship's  head  relative  thereto.  Second,  to  find  the  exact 
direction  of  the  pointing  of  the  needle,  in  relation  to  some 
known  standard  of  direction.  In  other  words,  first  the  per- 
fecting of  the  mariner's  compass ;  second,  a  knowledge  of  what 
is  now  called  its  variation. 

Apparently,  the  earliest  means  used  to  allow  the  needle  to 
take  up  any  position  in  azimuth,  was  by  thrusting  it  through 
I  piece  of  light  wood  or  pith,  forming  with  it  a  rectangular  cross  < 
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the  wood  or  pith  being  just  sufficiently  large  to  float  the  needle, 
when  the  cross  was  placed  in  a  vessel  of  water.  Otherwise,  the 
needle  was  poised  at  its  centre  on  a  sharp  pivot,  and  inclosed  in 
some  form  of  box.  Subsequently,  the  necessity  for  keeping  the 
box  horizontal,  in  the  varying  motion  of  the  ship,  was  met  by 
gi  in  balling  the  compass*  lox,  and,  for  convenience,  a  circular  disc 
of  paper,  called  the  fly,  having  a  graduated  circumference,  was 
placed  on  the  needle.  The  fly  and  the  needle  together  was  called 
the  card.  The  box  was  generally  made  of  brass,  shaped  like  a 
basin,  and  had  a  glass  cover.  A  mark,  called  the  lubber-line,  was 
placed  on  the  fore  part  of  the  compass-box,  or  bowl  as  it  was 
commonly  called,  on  the  inside,  indicating  the  direction  of  the 
ship's  fore-and-aft  line,  from  the  centre  of  the  card. 

The  circumference  of  the  card  was  divided  into  thirty- 
two  divisions,  called  points;  these  were  subdivided  into  half- 
points  and  quarter-points.  The  four  principal  points,  or,  as  they 
are  called,  the  cardinal  points,  are  the  North.  South,  East,  and 
We*t ;  the  East  being  towards  the  right  when  racing  the  North. 


All  the  points  of  the  compass  are  called  by  names  composed  of 
the*e  four  terms. 

The  points  half-way  between  two  cardinal  points  are  called 
after  both  of  these  points :  they  are  the  north-east  (written  N.E.) ; 
north-west  (N.W.) ;  south-east  (S.E.) ;  and  south-west  (S.W.). 
These  points  are  sometimes  called  quadrantal  points. 

A  point  half-way  between  one  of  these  last  and  a  cardinal 
point  is  called,  in  like  manner,  by  a  name  composed  of  the  nearest 
cardinal  point  and  the  adjacent  point,  N.E.,  N.W.,  S.E.,  or  S.W. 
Thus  the  point  between  N.  and  N.E.  is  called  north-north-east 
(written  N.N.E.) ;  the  point  between  E.  and  N.E.  is  called  east- 
north-east  (written  E.N.E.);  and  so  of  others. 
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The  points  next  the  eight  principal  points  (namely,  N.,  S.,  E., 
W.,  and  N.E.,  N.W.,  S.E.,  and  S.W.)  take  the  word  by  between 
the  name  of  such  point  and  the  next  cardinal  point.  Thus  the 
point  next  to  north,  on  the  east  side,  is  called  North  by  East ; 
that  on  the  West  side  is  called  North  by  West.  Thus,  on  in- 
specting the  compass,  it  is  easy  to  see  the  reason  of  the  names 
E.  by  N.,  S.W.  by  W.,  &c. 

A  half-pointy  which  is  the  middle  division  between  two  points, 
is  called  after  that  one  of  its  adjacent  points  which  is  either  a 
cardinal  point,  or  is  the  nearest  to  a  cardinal  point.  Thus  the 
middle  division  between  N.  and  N.  by  E.  is  called  north-AaZ/'-east 
(written  N.  ±  E.).  Half-points  near  N.E.,  N.W.,  S.E.,  and  S.W., 
take  their  name  from  these  points.  Thus  we  say  N.E.  £  N.,  and 
N.E.  i  E.,  and  N.E.  by  E.  \  E. 

The  same  holds  for  a  quarter  and  for  three-quarters  as  for  a 
half-point. 

In  speaking  of  these  divisions  of  the  card,  brevity  seems  to 
have  been  the  chief  end,  rather  than  the  habitual  reading  of  the 
card  from  left  to  right,  or  the  reverse.  Thus,  we  may  say  N.E.  by 
E.  }  E. ;  but  continuing  to  the  right,  instead  of  E.N.E.  £  E.  and 
E.  by  N.  ±  E.,  it  is  usual  to  say  E.  by  N.  ±  N.  and  E.  i  N. 

The  name  of  the  opposite  point  to  any  proposed  point  is  known 
at  once,  without  referring  to  the  compass,  by  simply  reversing  the 
names  or  the  letters  which  compose  it.  Thus  the  opposite  of  N. 
being  S.,  and  that  of  E.  being  W.,  the  opposite  point  to  S.W.  by  S. 
is  at  once  known  to  be  N.E.  by  N.  The  opposite  of  W.  }  S.  is 
E.  }  N.,  and  so  on. 

Dividing  the  circumference  of  the  card,  by  successive  halving, 
into  points,  half-points,  and  quarter-points,  was  well  adapted 
to  the  time,  not  very  distant,  when  many  helmsmen  were 
unable  to  read.  The  quarter-point  was  also  considered  the 
smallest  division  a  man,  sometimes  under  the  blinding  influences 
of  wind,  rain,  and  spray,  could  well  distinguish.  Now,  however, 
the  cards  of  steering  compasses  are  frequently  divided  to  degrees, 
in  addition  and  external  to  the  point  divisions.  In  cards  of  nine 
or  ten  inches  in  diameter,  the  degrees  are  sufficiently  large  to  be 
distinguished  by  men  of  ordinary  sight.  The  degrees  are  always 
marked  from  North  or  South,  towards  the  East  or  West ;  the 
courses,  therefore,  are  read  from  left  to  right,  and  vice  versd,  in 
alternate  quadrants.  This  is  apt  to  cause  mistakes  in  steering. 
For  this  reason,  and  for  precision  and  brevity  in  speaking, 
writing,  and  signalling,  there  is  much  to  be  said  in  favour  of 
marking  the  card  from  zero  to  360  degrees,  round  by  the  right. 
Small  compasses  for  shore  work  are  thus  marked  generally. 

Repeating  the  points  in  any  order  is  called  boxing  the  com- 
pass;  to  do  this  is,  of  course,  one  of  the  first  things  a  seaman 
learns. 

In  becoming  familiar  with   the  points  of  the  compass    the 
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learner  should  bear  in  mind  that  their  utility  is  far  from  being 
confined  exclusively  to  navigation,  and  that  in  finding  hU  way 
across  a  new  country,  or  through  the  streets  of  a  strange  city,  no 
impressions  will  be  so  distinct  or  so  permanent  as  those  grounded 
on  the  points  of  the  compass. 

213.  As  the  ship's  course,  which  is  sometimes  expressed  in 
points  and  sometimes  in  degrees,  is  always  reckoned  from  the 
north  or  south  point,  the  seaman  has  to  refer  at  once,  in  using  the 
Tables,  to  the  number  of  points,  or  degrees,  in  any  course  given  by 
name.  The  following  table,  which  exhibits  the  degrees,  minutes, 
and  seconds,  in  each  quarter-point  of  the  compass,  will  be  con- 
venient for  reference : — 


N—  E 

N— W 

8— E 

8— W 

Pt«. 

O           1      9t 

North. 

North. 

South. 

South. 

N*E 

NJW 

8{E 

S*W 

i 

2  48  45 

NJE 

NJW 

SJE 

SJW 

i 

5  37  3° 

N|E 

N}W 

8|E 

SJW 

i 

8  26  15 

NbE 

Nb  W 

SbE 

SbW 

i 

11  15    0 

N  b  E  i  E 

NbWJW 

SbEJE 

SbW|W 

i} 

14    3  45 

N  b  E  J  E 

Nbwjw 

S  b  E I  E 

8bwjw 

«i 

16  52  30 

NbE}E 

NbWJW 

. SbEJE 

SbWjW 

if 

19  4«  »5 

NNE 

NNW 

8SE 

ssw 

2 

22  30    0 

NNEJE 

NNWJW 

SSEJB 

SSWJW 

*i 

25  18  45 

NNE  J  E 

NNWJW 

SSEJE 

SSWJW 

A 

28    7  30 

nneJe 

NNWjW 

SSEfE 

SSWJW 

*J 

30  56  15 

NEbN 

NWbN 

SEbS 

SWbS 

3 

33  45    0 

NEJN 

NWJN 

SEJS 

SW}8 

3* 

36  33  45 

NKJN 

NWJN 

8E|S 

SWJ8 

3i 

39  22  30 

NEJN 

NWJN 

SEJS 

8WJ3 

3f 

42  11   15 

NE 

NW 

8E 

SW 

4 

45    0    0 

NEJE 

NWJW 

8EJB 

3WJW 

4} 

47  4«  45 

NEJE 

Nwjw 

8EJE 

8WJW 

41 

5o  37  30 

NEJE 

NWjW 

6EJE 

SW|W 

4j 

53  26  15 

NEbE 

NWbW 

SEbE 

8WbW 

5 

56  15    0 

NEbEJE 

NWbWJW 

SEbEJE 

SWbWJW 

St 

59    3  45 

NEbEJE 

NWbWJW 

SEbEJE 

8W  b  w  t  W 

5i 

61  52  30 

NEbEfE 

NWbWJW 

SEbEJE 

SW  b  W  j  w 

51 

64  41  15 

ENE 

WNW 

ESE 

W8W 

6 

67  30    0 

EbNfN 

WbNJN 

EbSfS 

WbSJS 

6} 

70  18  45 

EbN^N 

WbNJN 

EbSJS 

WbSJS 

6J 

73    7  30 

EbNJN 

WbNJN 

EbSJS 

WbSJS 

6J 

75  56  IS 

EbN 

WbN 

EbS 

Wb8 

7 

78  45    0 

E}N 

Wf  N 

EJS 

WJS 

7} 

81  33  45 

EJN 

WJN 

E$8 

WJ8 

71 

84  22  30 

EJN 

W}N 

EJ8 

WJS 

7f 

87  11  is 

Eabt. 

Went. 

Eaau 

W«*L 

8 

90    0    0 

214,  The  Azimuth  Compass  is  a  compass  of  superior  construc- 
tion, especially  adapted  for  observiug  bearings.     It  is  fitted  with 
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two  vortical  vanes.  The  one  near  the  eye  in  observing,  has  a 
narrow  vertical  slit,  with  coloured  shades  for  observing  the  sun. 
The  other  vane  has  a  wider  slit  or  opening,  having  a  vertical 
thread  in  the  middle  of  it.  In  front  of  this  vane  is  a  reflector, 
for  observing  objects  elevated  above  the  horizon.  The  line  join- 
ing the  slit  in  one  vane,  and  the  vertical  thread  in  the  other, 
should  pass  over  the  centre  of  the  card.  The  cards  of  azimuth 
compasses  are  always  marked  to  degrees,  and  frequently  to 
smaller  divisions. 

In  the  Prismatic  Azimuth  Compass,  a  magnified  image  of 
the  divisions  of  the  card  is  read  by  reflection,  in  a  prism  attached 
to  the  fore  side  of  the  near  sight  vane.  Azimuth  compasses 
being  required  for  taking  bearings,  are  placed  on  a  tripod  for 
shore  work,  and  on  an  elevated  stand  on  board  ship. 

215.  In  the  early  part  of  the  present  century,  when  ships  and 
instruments  for  navigation  were  rapidly  improving,  the  compass 
was  still  a  rude  instrument,  and  not  abreast  of  the  requirements 
of  the  seaman.  In  1820  Mr.  Barlow  reported  to  the  Admiralty, 
that  half  the  compasses  he  had  at  their  request  examined,  be- 
longing to  the  Royal  Navy,  were  useless.  It  is  probable  that  the 
compasses  of  the  Mercantile  Navy  were  no  better.  In  1837  their 
Lordships  appointed  a  committee  to  inquire  into  the  matter,  and, 
if  possible,  to  find  a  remedy  for  an  evil  so  pregnant,  as  they  said, 
with  mischief.  This  step  was  taken  for  the  benefit  of  the  Royal 
Navy,  and  the  improvement  which  took  place,  both  in  the  design 
and  in  the  workmanship  of  the  compass,  in  consequence  of  the 
recommendations  of  the  Admiralty  compass  committee,  was  of 
immediate  and  lasting  benefit  to  the  public  service.  The  Mercan- 
tile Navy  was  not  so  immediately  benefited,  as  the  proceedings  of 
that  committee  were  not  made  public  But  doubtless  the  fact  of 
there  having  been  such  a  committee  stimulated  compass  makers 
to  seek  information,  and  to  apply  it  to  the  improvement  of  the 
mariner's  compass. 

A  great  difficulty  to  be  overcome,  in  a  compass  intended 
to  be  used  on  board  ship,  is  the  disturbance  of  the  card  caused  by 
the  motion  of  the  ship.  The  Admiralty  compass  committee,  while 
insisting  on  extreme  lightness  in  the  fly  and  fittings  of  the  card, 
made  considerable  addition  to  its  weight,  by  applying  more  needle 
power  than  would  otherwise  have  been  desirable,  in  order  to 
secure  steadiness.  This  was  a  fairly  successful  way  of  meeting 
the  motion  of  ships  at  that  date.  But  the  violent  and  continuous 
motion,  subsequently  caused  by  the  general  adoption  of  the  screw 
propeller,  has  been  generally  met,  by  suspending  the  compass 
bowl  by  springs  or  india-rubber. 

The  difficulty  of  getting  a  compass  that  would  be  steady 
in  small  vessels  and  boats,  led  to  the  introduction  of  the  Liquid 
Compass ;  that  is,  a  compass  having  the  bowl  filled  with  liquid 
instead  of  air.     The  first  practical  liquid  compass  was  patented 
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by  Mr.  Crowe  in  1818.  It  was  subsequently  improved  bj  other 
makers,  and  is  now,  when  well  made,  a  very  efficient  compass  for 
all  purposes.  It  is  especially  adapted  to  stand  severe  vibration, 
and  the  shock  of  gun-firing.  For  these  purposes,  and  for  use  in 
boats,  it  has  not  yet  been  excelled. 

216.  In  1876  Sir  Wm.  Thomson  patented  a  compass,  which  is 
regarded  with  much  favour  by  navigators.  At  the  circumference 
of  the  card  is  an  aluminium  ring;  the  cap  is  held  in  the  centre  by 
radial  silk  threads,  extending  from  it  to  the  ring.  Attached  to 
the  ring  and  threads  is  a  disc  of  very  light  paper,  its  circumference 
having  the  usual  com  pass  graduations.  All  the  central  part  of 
this  disc  is  removed,  still  further  to  lessen  the  weight.  Recognis- 
ing the  fact,  that  the  power  of  a  magnet  increases  relative  to 
its  weight,  as  the  size  decreases,  the  needles  are  very  small. 
They  are  suspended  under  the  card  from  its  circumference.  The 
entire  card  is  not  more  than  one-fifth  to  one-tenth  of  the  weight 
of  compass  cards  generally,  of  the  same  size.  The  friction  on  the 
pivot  is,  therefore,  proportionally  diminished. 

By  giving  to  the  card  no  more  needle  power  than  would 
certainly  overcome  this  much-diminished  friction,  it  has  a  very 
•low  period  of  vibration.  The  desirability  of  giving  to  a  compass 
card  a  period  of  vibration  that  would  not  be  isochronous  with  the 
roll  of  the  ship,  in  order  to  maintain  steadiness  in  a  seaway,  had 
already  been  pointed  out  by  Mr.  A.  Smith,  and  by  Mr.  Towson. 
The  bowl  is  protected  from  disturbance,  also,  by  being  suspended 
on  a  twisted  wire  gromet.  This  compass  card,  from  the  little 
friction  on  the  pivot,  is  very  sensitive  at  all  times.  From  its  slow 
period  of  vibration,  it  is  steady  when  the  ship  is  rolling ;  and,  by 
reason  of  the  suspension  of  the  bowl,  it  has  considerable  immunity 
from  the  disturbances  caused  by  vibration,  shakes,  and  sudden 
shocks. 

217.  Though  a  compass,  when  supplied  to  a  ship,  should  bo 
accurate  and  efficient,  it  is  desirable  that  the  seaman  should  be 
able  to  satisfy  himself  on  these  points.  The  following  essentials 
should  be  looked  to,  in  steering  and  azimuth  compasses,  as  far  as 
they  apply  to  each  kind  respectively. 

The  point  of  the  pivot  should  always  be  in  the  same  plane  as 
the  centre  of  the  gimbals.  The  pivot  should  be  sharp,  or,  when 
intended  to  be  a  little  rounded,  quite  smooth ;  it  should  be  free 
from  rust.  The  cap  should  be  sound — that  is,  not  cracked  nor 
perforated — and  free  from  dust  or  dirt,  which  sometimes  gets  into 
it.  Placing  the  card  gently  on  the  pivot,  it  should  be  deflected 
two  or  three  times,  through  a  small  angle  from  its  position  of 
rest,  to  see  if  it  always  comes  back  to  rest  at  the  same  point. 
This  would  show  if  the  needle  power  is  sufficient  to  overcome  the 
friction  on  the  pivot. 

'Select  a  position  on  shore,  free  from  disturbances,  from  whence 
the  bearing  of  some  object  is  known.    Measure  horizontal  angles 
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from  it  with  a  sextant,  or  other  means,  to  three  other  objects,  so 
selected  that  the  correct  bearing  of  four  objects,  about  90°  apart, 
may  thus  be  known.  Now  turn  the  compass  round  horizontally, 
so  that  the  line  from  the  centre  of  the  card  to  the  lubber-line 
coincides,  in  horizontal  direction,  with  the  line  from  the  centre  of 
the  card  to  each  object  in  succession.  At  each  position  of  the 
compass,  observe  the  bearing  of  the  first  object,  by  the  sight 
vanes.  Assuming  that  the  card  is  regularly  divided,  these  observa- 
tions would  show  whether  or  not  a  course  shaped,  or  a  horizontal 
bearing  taken,  by  the  compass  is  correct. 

Placing  the  compass  on  board  ship  in  its  binnacle,  see 
that  the  bowl  takes  up  its  proper  horizontal  position  in  the 
gimbals ;  that  the  lubber-line  is  vertical,  and  that  a  line  from  the 
centre  of  the  card  to  the  lubber-line  is  exactly  in  the  same 
horizontal  direction  as  the  fore-and-aft  line  of  the  ship.  See 
that  the  thread  in  the  sight  vane  is  vertical,  by  testing  it  with  a 
plumb  line ;  and  raise  and  lower  the  reflector,  and  see  that  the 
reflected  image  of  the  thread  coincides  with  the  thread  itself. 
This  will  show  that  the  bearing  of  an  object  at  any  elevation, 
whether  taken  by  direct  bearing  or  by  reflection,  is  correct. 

Metal  pivots  become  blunted  by  wear,  and  steel  pivots  are 
also  very  liable  to  rust;  jewelled  caps  naturally  get  worn  and 
perforated  by  use,  especially  from  the  long-continued  working  of 
the  screw  propeller.  They  are  also  liable  to  be  cracked  by  sudden 
concussion.  Heavy  cards  are  sometimes  fitted  with  speculum 
metal  caps,  and  work  on  jewelled  pivots.  Defective  caps  and 
pivots  are  a  fruitful  source  of  inefficiency  in  compasses,  and 
require  the  especial  attention  of  the  navigator. 

218.  At  a  time  when  ships  had  no  compass  in  an  elevated 
position,  all  bearings  had  to  be  taken  from  the  steering  compasses. 
These  were  low  down  to  the  deck,  and  therefore  inconvenient 
for  that  purpose.  And  subsequently,  when  most  ships  had  an 
elevated  compass,  its  position  was  frequently  such,  that  an  all- 
round  view  could  not  be  obtained  therefrom.  The  difficulty  was 
met  by  the  introduction  of  an  instrument  called  a  dumb  card,  or 
bearing-plate.  It  consists  of  a  circular  plate  of  metal,  graduated 
like  a  compass  card,  and  so  gimballed  that  it  may  be  revolved 
round  a  central  pivot,  in  a  horizontal  plane.  Adjacent  to  the 
circumference  is  a  mark,  similar  to  the  lubber-line  of  the  compass. 
It  is  fitted  with  sight  vanes,  shades,  and  reflector,  for  taking 
bearings. 

The  instrument  may  be  placed  in  any  position  from  whence 
the  object,  or  objects,  to  be  observed  may  be  seen.  The  greatest 
care  must  be  taken  to  see  that  the  line  from  the  centre  of 
the  bearing-plate  to  its  lubber-mark  is  in  the  exact  fore-and- 
aft  line  of  the  ship.  This  may  be  -done  by  referring  it  to  some 
mark  in  the  ship,  exactly  in  the  fore-and-aft  line ;  or  to  some 
mark,  such  as  a  bollard,  which,  from  the  position  chosen  for  the 
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bearing-plate,  is  a  known,  small,  and  constant  angle  from  the 
fore-aud-aft  line. 

If  the  direction  of  the  ship's  head  by  the  bearing-plate, 
be  made  to  correspond  with  the  direction  of  the  ship's  head  by 
any  compass,  then  the  bearings  taken  by  the  bearing-plate  will 
bo  the  same  as  if  they  were  taken  by  that  compass.  And,  con- 
versely, if  the  bearing-plate  be  turned  round,  so  that  the  bearing 
of  an  object  by  it  corresponds  with  its  known  correct  bearing, 
the  direction  of  the  ship's  head,  as  shown  by  the  bearing-plate,  is 
correct.  This  instrument,  sometimes  called  a  Pelorns,  is  exten- 
sively used. 

Another  instrument,  called  a  Palinurus,  is  sometimes  used 
for  getting  true  bearings.  It  is,  simply,  the  mechanical  con- 
struction of  the  celestial  sphere,  with  its  great  circles.  By  means 
of  time,  latitude,  and  declination  of  some  heavenly  body,  a  line  in 
the  instrument  may  be  set  to  the  true  direction  of  that  body.  All 
the  parte  of  the  instrument,  when  that  line  is  pointed  to  the 
body,  will  be  in  the  true  astronomical  direction,  and  the  bearings 
on  the  horizontal  circle  of  the  instrument  will  be  true  bearings 
round  the  horizon.  A  mark  plared  as  the  lubber-line  will,  of 
course,  show  the  true  direction  of  the  ship's  head.  It  will  be 
seen  that,  with  this  instrument,  no  calculations  or  azimuth  tables 
are  required  to  get  a  true  direction. 

With  respect  to  the  use  of  such  adjuncts  to  the  compass, 
as  have  been  briefly  described,  liability  to  secondary  errors, 
both  personal  and  instrumental,  must  be  taken  into  account.  To 
work  directly,  from  a  well-placed  standard  compass,  appears  by 
far  the  safest  practice  in  navigation. 


Variation  of  the  Compos*. 

219.  The  second  problem  before  the  early  navigators  was,  to 
find  the  direction  in  which  the  needle  pointed  (No.  214).  When 
the  directive  property  of  the  magnet  was  first  brought  into  use  by 
seamen,  it  is  probable  that  they  continued  for  some  time  to  steer 
by  the  sun  and  stars,  as  before.  It  was  only  when  those  objects 
were  obscured,  that  they  had  recourse  to  a  rude  form  of  compass, 
to  enable  them  to  maintain  their  course,  till  their  accustomed  and 
more  reliable  guides  appeared  again.  What  the  compass  needle 
was  to  the  seamen  of  those  days,  it  is  to  the  navigator  of  to-day. 
By  it  he  can  preserve  a  course,  without  reference  to  the  heavenly 
bodies,  for  a  longer  or  shorter  time,  and  with  more  or  less  accu- 
racy, according  to  the  perfection  of  his  compass,  and  to  the 
degree  in  which  he  is  acquainted  with  the  laws  which  govern  its 
pointing. 

The  natural  standard  of  direction  is  the  meridian.  The  hori- 
zontal angle  contained  between  the  direction  of  the  meridian 


INSTRUMENTS  OF   NAVIGATION.  «1 

and  the  direction  of  the  needle,  is  called  the  Variation  of  the 
Compass.  It  is  termed  easterly  or  westerly,  according  to  which 
side  of  the  meridian  the  north  end  of  the  needle  points. 

The  approximate  direction  of  the  meridian  was  easily  seen  in 
the  northern  hemisphere,  by  the  position  of  the  pole  star.  It 
must,  therefore,  have  been  well  known,  to  all  who  noted  the 
pointing  of  the  compass  needle,  with  any  degree  of  care,  that  its 
direction  did  not  coincide  with  the  direction  of  the  meridian  ;  or, 
in  other  words,  that  it  did  not,  in  all  places,  point  to  the  north. 
This  fact  seems  to  have  been  brought  most  prominently  into 
notice  by  Columbus.  He  found,  on  his  first  voyage,  in  1492,  when 
well  over  towards  the  West  Indies,  that  the  needle  pointed  to  the 
westward  of  north.  In  the  seas  which  Columbus  had  hitherto 
navigated,  as  far  as  can  be  now  judged,  it  pointed  to  the  eastward 
of  north.  At  the  port  in  Europe  from  which  he  sailed  the 
variation  was,  apparently,  not  less  than  two  points  easterly.  Pro- 
bably, therefore,  it  was  the  change,  and  especially  its  going  from 
easterly  to  westerly,  rather  than  the  existence  of  variation,  which 
arrested  the  attention  of  Columbus. 

The  first  good  determination  of  the  variation,  in  England, 
was  made  in  1580,  when  the  direction  of  the  north  end  of  the 
needle  was  about  one  point  to  the  eastward  of  the  meridian. 
Since  that  time,  the  variation  has  been  observed  with  increasing 
frequency  and  accuracy.  The  following  is  an  outline  of  the 
change  in  the  variation  in  England. 

Commencing  in  1580  at  11°  15'  easterly,  the  north  point  of 
the  needle  moved  towards  the  meridian,  and  crossed  it  in  1G57, 
moving  westward  at  the  rate  of  10'  annually.  The  north  end  of 
the  needle  continued  to  move  westward,  with  a  diminishing  rate,, 
till  1818,  when  it  attained  the  limit  of  its  western  range,  24°  38' 
westerly.  Since  that  date  the  north  point  of  the  needle  has  moved 
to  the  east  with  an  increasing  rate.  The  variation  in  London 
is  now  17°  30'  westerly,  diminishing  at  the  rate  of  8'  annually. 

The  first  attempt  to  give  a  comprehensive  view  of  the  direc- 
tion of  the  compass  needle,  in  all  parts  of  the  world,  was 
made  by  Halley,  in  a  chart  published  in  1700.  This  chart 
embraced  the  results  of  a  voyage  made  by  Halley  himself,  and 
such  other  information  as  was  at  that  time  available.  Joining, 
by  a  line,  the  points  on  the  earth's  surface  where  the  variation 
was  the  same,  he  traced,  on  a  Mercator's  chart,  a  series  of  lined 
of  equal  variation,  extending  over  the  Atlantic  and  Indian  Oceans, 
and  as  far  east  as  the  meridian  of  150°.  Several  similar  charts, 
more  complete  and  accurate,  as  the  materials  for  compiling  them 
increased  in  quantity  and  value,  have  since  been  published. 
The  latest  variation  chart  published  by  the  Admiralty  is  all  that 
the  seaman  can  desire.  On  it  the  annual  change  of  variation  is 
also  shown,  enabling  the  navigator  to  obtain  the  variation  very 
dcsely,  at  any  date  subsequent  to  that  of  the  publication  of  the 
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chart.  Comparing  Halley's  chart  with  those  which  ha?e  rinoe 
been  made,  it  appears  that  changes  in  the  variation,  analogous 
to  those  observed  in  England,  but  of  greater  or  lesser  eztent, 
have  been  going  on  nearly  all  over  the  world.  The  variation  of 
the  compass  is  thus  shown  to  be  a  variable  quantity,  changing  at 
a  variable  rate.  Snch  being  the  case,  the  only  way  in  which  it 
is  possible  to  make  and  maintain  an  accurate  variation  chart,  is 
by  the  co-operation  of  navigators,  in  making  and  recording,  for 
that  purpose,  observations  of  the  variation  of  the  compass,  in  all 
those  parts  of  the  world  over  which  they  may  sail. 

220.  Besides  the  change  in  the  variation,  which  reaches  its 
limits  in  long  intervals  of  time,  and  is  called  the  secular  change, 
there  are  smaller  changes,  called  periodical.  Such  is  the  diurnal 
change,  wherein  the  needle  moves  through  a  small  angle  to  the 
westward  during  the  day,  and  returns  to  the  eastward  during  the 
night,  in  the  northern  hemisphere.  In  the  southern  hemisphere,  a 
similar  change  takes  place,  but  in  an  opposite  direction.  The 
needle  is  also  disturbed  by  the  aurora,  and  by  phenomena  called 
magnetic  storms.  These  changes  are,  in  the  navigable  parts  of  the 
globe,  too  small  to  be  of  any  importance  to  the  navigator.  Neither 
is  the  pointing  of  the  compass  needle  affected  by  atmospheric 
phenomena,  such  as  fogs,  rain,  wind,  or  thunderstorms.  But  in  case** 
where  a  ship  has  been  struck  by  lightning,  the  directive  property 
of  the  compass  needle  has  sometimes  been  impaired  or  destroyed. 

*  There  is,  however,  one  cause  of  disturbance  of  the  needle 
which  should  interest  the  navigator.  Humboldt,  in  the  beginning 
of  this  century,  observed  that  the  needle,  in  certain  places  on 
land,  was  deflected  from  what  may  be  called  its  normal  direction, 
.by  some  property  in  the  ground.  In  previous  editions  of  this 
work,  several  places  are  noted,  where  the  variation  was  affected 
by  the  land,  or  by  the  ground  in  shallow  water.*  It  is  probable, 
from  the  practice  of  steering  by  the  land  when  it  is  in  sight, 
mther  than  by  compass  courses,  that  this  disturbance  of  the 
compass  needle  has  escaped  notice  in  some  places  where  it  exists. 
It  is,  therefore,  desirable  that  this  unquestionable  source  of 
danger  should  be  pointed  out,  that  the  seaman  may  be  on  his 
g  uard,  when  navigating  near  the  land,  or  in  shallow  water,  espe- 
cially in  volcanic  regions.  Methods  of  determining  the  variation 
of  the  compass  are  given  in  Chapter  VIII. 

221.  To  correct  compass  courses  and  bearings  for  variation. 
The  manner  of  doing  this  appears  thus.     Suppose  one  compass 

card  to  be  placed  directly  over  another,  and  the  lower  one  to  bo 
true.  Now  suppose  the  north  point  of  the  upper  compass  to  be 
drawn  two  points  to  the  right  of  the  true  by  easterly  variation, 
then  the  North  point  of  the  upper  or  magnetic  compass  corresponds 

*  Commander  W.  U.  Moore  of  H.M.S.  Perguin  reports  a  large  local  disturbance  ol 
the  needlo  (550)  in  9  fathoms,  2  miles  from  the  shore,  off  Port  Walcott ;  on  the  N.W. 
toast  of  Australia,    Jtkt  Notice  to  Mariner*,  No.  43  of  1891. 
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to  N.N.F.  of  the  true  compass,  which  point  is  to  the  right  of  N., 
and  the  South  point  corresponds  to  S.S.W.  of  the  true  compass, 
to  the  right  of  S.,  and  bo  on.  The  contrary  wo  old  take  place 
v/ith  westerly  variation;  hence  to  correct  a  magnetic  coarse  or 
bearing  we  have  this  rule. 

Rule.  When  the  variation  is  easterly,  apply  it  to  the  right 
of  the  compass  course  or  bearing ;  when  westerly,  apply  it  to 
th«?  left,  looking  from  the  centre  of  the  card  over  the  point  to  be 
corrected. 


Ex.  3.  Course  or  bearing  by  compute 
N.  840  E. ;  variation,  IQ°  W. 
Thuh  Course,  N.  65°  E. 


Ex.  4.  Course  by  compass,  8.  40  E.; 
variation,  170  K. 

Teub  Coubsb,  8.  130  W. 


Ex.  1.  Coarse  by  compass,  8.  f  W.; 
canal  ion,  2\  points  easterly. 

True  Course,  2}  points  to  the  ripht  of 
6.  I  W.,  or  8.  3  points  W.,  or  8.W.  by  S. 

Ex.  2.  Course  by  compass,  N.  by  E.; 
variation,  S  point  westerly. 

Tbtrs  Course,  2  points  to  the  left  of 
N.  by  E.,  that  is,  N.  by  W. 

To  reduce  a  true  course  or  bearing  to  the  compass  course 
or  bearing,  apply  the  variation  the  contrary  way  to  that  directed 
above. 

Ex.  3.  True  course,  North;  variation, 
l8°  easterly. 

Coubsb  by  Compass,  N.  i8°  W. 

Ex.  4.  True  course,  West ;   variation. 
21°  westerly. 

Course  by  Compass,  N.  690  W. 


Ex  1.  True  course,  N.E.  by  E.;  varia- 
tion, 1  point  easterly. 

Course  by  Compass,  N.E. 

Ex.  2.  True  course,  E.  J  N. ;  variation, 
I J  point  westerly. 

Course  by  Compass,  E.  by  8. 


Deviation  of  the  Compass. 

222.  From  the  earliest  times  it  was  known  that  if  a  magnet, 
or  a  piece  of  ordinary  iron,  were  brought  near  to  a  compass,  it 
would  deflect  the  needle  in  its  pointing,  and  so  make  the  compass 
indications  erroneous.  Compasses  on  board  ship,  therefore,  were 
not  placed  near  to  each  other,  and  iron  was  rigorously  kept  away 
from  their  vicinity.  With  these  precautions,  though  accidents 
sometimes  happened  from  iron  in  the  vicinity  of  the  compass 
being  overlooked,  ships  were  navigated  with  a  fair  amount  of 
security.  But  as  iron  became  increasingly  used  in  the  construc- 
tion of  ships,  and  by  the  introduction  therein  of  steam  engines, 
with  their  boilers  and  funnels,  it  was  no  longer  possible  to  navi- 
gate, without  systematically  allowing  for  the  deflection  of  tin* 
eompass  needle  caused  thereby. 

The  horizontal  angle,  which  the  needle  is  deflected  by  the  iron 
in  or  of  the  ship,  is  called  the  Deviation  of  the  Compass.  It  is 
named  easterly  or  positive  (E.  or  +),  when  the  north  end  of  needle 
is  deflected  to  the  eastward;  and  westerly  or  negative  (W.  or-), 
when  deflected  to  the  westward.  The  mode  of  ascertaining  and 
applying  the  deviation  of  +.he  compass,  is  the  next  problem  to 
engage  the  attention  of  the  sludont  of  navigation. 
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Within  half  a  century  of  the  present  time,  many  navigator* 
doubted  the  existence  of  the  deviation  of  the  compass;  or,  while 
admitting  its  existence,  denied  that  it  was  of  any  practical 
importance.  And  the  belief  was  not  uncommon,  that  it  was  a 
constant  error- -that  is,  that  it  was  the  same  in  amount  with  the 
ship's  head  in  any  direction.  Those,  however,  who  had  studied 
the  subject,  or  whom  circumstances  had  made  familiar  therewith, 
acknowledged  its  importance,  and  recognised  the  necessity  of 
ascertaining  the  deviation  of  the  compass,  with  the  ship's  head  in 
all  directions. 

223.  There  are  three  standards  from  which  to  reckon  an  angle 
of  direction.  First,  from  the  meridian,  the  direction  of  which 
can  always  be  ascertained  astronomically.  A  course  or  bearing 
thus  reckoned,  is  called  a  true  coarse,  or  true  bearing.  Second, 
from  the  direction  of  the  magnetic  north;  that  is,  from  the 
direction  of  a  magnetic  needle,  when  uninfluenced  by  any  con- 
tiguous iron,  or  by  any  such  local  disturbances  as  are  mentioned 
in  No.  220.  A  course  or  bearing  thus  reckoned,  is  called  a 
magnetic  course  or  bearing.  Third,  from  the  direction  of  the 
com  pa  88  needle,  as  shown  by  a  compass  which  is  instrumen- 
tally  correct,  placed  in  any  position.  A  course  or  bearing  thus 
reckoned,  is  called  a  compass  course  or  bearing. 

The  prefix  correct  may  be  placed  to  either  of  these  quan- 
tities. The  terras  correct  true,  correct  magnetic,  correct  com- 
piss,  are  used  to  distinguish  the  exact  angles  from  those  more 
or  less  approximate.  The  student  must  not  confuse  correct 
compass  with  magnetic.  A  correct  compass  course  or  bearing 
means  a  course  or  bearing  accurately  observed,  with  an  accurate 
compass,  regardless  of  any  disturbance  by  which  the  compass 
may  be  influenced. 

224.  From  the  fact  that  compasses,  in  different  parts  of  a 
ship,  gave  different  indications,  came  the  necessity  for  navigating 
by  one  especial  compass,  placed  in  a  selected  position.  Such  a 
compass  is  called  the  Standard  Compass.  It  should  be  an  azimuth 
compass,  that  is,  one  fitted  for  observing  bearings ;  and  one  essen- 
tial of  its  position  is,  that  from  it  bearings  can  be  taken  all 
round  the  horizon,  and  at  any  altitude. 

Turning  a  ship  round,  so  as  to  place  her  head  on  all 
points  of  the  compass  in  succession,  for  the  purpose  of  ascer- 
taining the  deviation,  is  called  swinging  the  ship.  A  ship  may 
be  warped  or  towed  round,  when  lying  at  anchor  or  at  moor- 
ings ;  or  advantage  may  be  taken  of  her  turning  with  the  tide. 
Wherever  there  is  room,  it  may  be  convenient  to  steer  a  ship 
round  under  steam.  It  is  in  all  cases  desirable  that  the  ship 
should  be  checked  in  her  swinging,  and  steadied  on  the  point  on 
which  it  is  desired  to  obtain  the  deviation. 

As  the  variation  of  the  compass  is  determined  by  com- 
paring the  true  bearing  of  an  object  with  its  magnetic  bearing, 
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60  the  deviation  of  the  compass  is  ascertained  by  comparing  the 
magnetic  bearing  with  the  compass  bearing — the  compass,  at 
the  time,  being  deflected  by  the  iron  in  and  of  the  ship  only. 
Any  other  disturbance,  such  as  from  the  proximity  of  other  ships 
or  masses  of  iron,  or  the  irregular  influence  of  the  land,  is  not 
deviation  according  to  the  definition  already  given. 

The  first  problem  is,  therefore,  to  determine  the  magnetic 
bearing  of  some  object  external  to  the  ship.  The  sun  is  very 
commonly  used ;  the  true  bearing  is  easily  found,  and  the  varia- 
tion being  applied  thereto,  gives  its  magnetic  bearing.  A  dis- 
tant mark  on  the  land  may  also  be  used ;  its  true  bearing  may 
be  found  by  the  chart,  or  by  measuring  and  applying  the  hori- 
zontal angle  or  difference  of  bearing  between  it  and  the  sun, 
and  the  magnetic  bearing  by  further  applying  the  variation.  A 
third  method  is  to  have  a  correct  compass  in  a  convenient  posi- 
tion on  shore,  where  it  is  free  from  magnetic  disturbances.  Then 
the  bearing  of  that  compass  being  taken  from  the  standard 
compass,  and  the  bearing  of  the  standard  compass  being  simul- 
taneously taken  from  the  shore  compass,  the  deviation  of  the 
standard  compass  is  found  by  comparison. 

These  methods  are  spoken  of  as,  swinging  by  the  sun, 
swinging  by  distant  mark,  and  swinging  by  shore  compass. 
When  using  a  distant  mark,  it  should  be  so  far  away  that  the 
radius  of  the  circle,  along  the  circumference  of  which  the 
standard  compass  moves  as  the  ship  goes  round,  subtends  a 
smaller  angle  than  is  of  practical  consequence  in  navigating. 
Otherwise  the  bearings  must  be  corrected  for  parallax. 

There  are  many  places  where  the  true  direction  of  lines, 
on  which  two  known  and  conspicuous  marks  appear  in  one,  are 
known.  These  lines,  called  transit  lines,  offer  especial  facilities 
for  ascertaining  the  deviation. 

Looking  from  the  centre  of  the  card,  if  the  bearing  shown 
by  the  compass  is  to  the  left  of  the  magnetic  bearing,  the 
needle  is  obviously  deflected  to  the  right,  and  the  deviation  con- 
sequently called  easterly.  If  the  bearing  shown  by  the  compass 
is  to  the  right  of  the  magnetic  bearing,  the  needle  must  be 
deflected  to  the  left,  and  the  deviation  westerly. 

225.  Though  the  deviation  of  other  compasses  is  not  of  so 
much  importance  as  that  of  the  standard,  it  is  usual  to  note  the 
direction  of  the  ship's  head,  as  shown  by  them,  when  it  is  on  each 
point  by  the  standard.  The  deviation  is  usually  tabulated  for 
reference,  in  some  form  similar  to  the  following,  which  is  com- 
monly called  a  Deviation  Table. 


Head  by 
Standard 
Compass 

Deviation  of 
Standard 
Compass 

Direction  of  Head  by  other  Compasses 

Port  Steering 

I  larboard  Steering 

Bridge  Com  )>u<a 
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The  bearing-plate  is  frequently  used  in  swinging.  The  vanes 
on  the  bearing-plate,  beiner  set  to  the  known  magnetic  bear- 
ing of  the  sun,  distant  marfc,  or  shore  compass,  the  magnetic 
direction  of  head  is  shown  by  the  lubber  mark,  when  the  plate  is 
turned  round  so  that  the  vanes  point  to  the  object.  Thus,  the 
deviation  of  the  compasses  on  the  magnetic  points  is  shown,  and 
may  be  tabulated  as  follows  2 — 


Head  Magnetio 

Direction  of  Head  by  Compasses 

Standard 

Port  Steering 

Starboard  Steering 

Bridge  Compnv 

1 

226.  It  is  customary  to  form  a  deviation  table  from  observa- 
tions made  on  each  point.  But  it  may  be  convenient,  or  neces- 
sary, to  form  such  a  table  with  fewer  observations,  such  as  on 
every  second  or  third  point.  Further,  it  may  not  be  possible  to 
get  the  observations  exactly  on  the  points.  The  problem,  there- 
fore, is  to  form  a  deviation  table  with  few  observations,  irregularly 
distributed  round  the  compass. 

This  is  done  by  drawing  a  curve  of  deviations  in  the  following 
manner.  Draw  a  vertical  line  on  paper,  and  divide  it  as  a  com- 
pass card  is  divided.  The  vertical  line  will  thus  represent  the 
circumference  of  the  card  unrolled,  and  formed  into  a  straight 
line.  Through  each  compass  point  draw  a  line  at  right  angles  to 
the  vertical  line.  On  these  lines,  with  any  convenient  scale,  lay 
off  the  deviation  found  on  each  point.  On  parallel  lines,  passing 
through  any  intermediate  degree  or  division  of  the  point,  lay  off 
the  deviation  found  thereon.  Easterly  deviation  to  be  measured 
from  the  vertical  line  to  the  right,  and  •westerly  deviation  to  the 
left,  marking,  by  a  cross  or  otherwise,  the  positions  thus  deter- 
mined. Now  draw  a  line  which,  without  being  irregular  in 
direction,  passes  most  nearly  through  the  several  marks.  This 
line,  in  practice,  will  always  be  a  curve.  The  distance  of  the 
point  of  intersection  of  this  curve  with  any  point  line,  from  the 
vertical  line,  will  give  the  deviation  on  that  point,  using  the  same 
scale  as  before. 

Example. — The  following  deviations  having  been  observed, 
find  the  deviation  on  each  compass  point. 


North 

5    0 

E 

South 

5    0    W 

N?E 

6    0 

E 

SWbg 

5    0    W 

NNB 

10    0 

E 

sw 
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NE  JW 

14    0 

E 

wsw 

8    0    W 

EN  K 

12    0 

E 

West 

10    0    W 

EJN 

10    0 

E 

WbNJN 

11    0    W 

EbS 

9  30 

E 

NW 

to    0    w 

SEbB 

6    0 

E 

NNW  $  W 

6  30    W 

SB 

1    0 

W 

Nb  W 

1    0    W 

SSE 

2  30 

W 

North 

5    0    K 
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227.  Plotting  these 
shown  in  the  foregoing 
is  obtained. 


observations  in  the  manner  directed,  and  as 
diagram,  the  following  table  of  deviations 


North 

o     t 
5    o 

E 

NbE 

7  45 

B 

NNE 

IO    o 

E 

NEbN 

12  15 

B 

NE 

13  3o 

E 

NEbB 

■3  30 

E 

ENE 

12  45 

E 

EbN 

11  45 

E 

East 

10  30 

E 

EbS 

8  45 

E 

Eb  E 

7  15 

E 

SEb  E 

4  30 

E 

SE 

0  45 

E 

SEb  3 

2    0 

W 

SSE 

3  30 

W 

Sbfi 

4JO 

W 

8011th 

8b  W 
SSW 
SW  bS 
SW 

SWb  w 
wsw 

WbS 

West 

WbN 

WNW 

NW  b  W 

FW 

NWbN 

NNW 
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5#    O  W 

5    o  W 

5    o  W 

5  o  W 

530  W 

6  30  W 

7  45  W 
845  w 

945  W 

10  30  W 

1045  w 

10  3c 

5  45 

8  o 

5  15 
1    o 


W 
W 

w 
w 
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In  the  diagram  shown,  the  vertical  scale  is  made  small  as  coin- 
pared  with  the  horizontal  scale,  in  order  to  get  it  within  the 
limits  of  the  page.  A  sheet  of  ordinary  ruled  foolscap  will  be 
found  very  convenient  for  plotting  deviations  to  form  the  curve. 

228.  The  methods  of  ascertaining  the  deviation  having  been 
explained,  the  following  are  directions  for  applying  the  same  to  a 
compass  course  or  bearing,  so  a*  to  obtain  the  magnetic  course  or 
bearing. 

The  ship's  head  being  on  any  compass  point,  and  the  devia- 
tion on  that  point  being  easterly,  that  deviation  must  be  allowed 
to  the  right,  to  find  the  magnetic  direction  of  the  ship's  head ; 
and  also  to  the  right  of  any  bearing  taken  by  compass,  to  find  the 
magnetic  bearing.  If  the  deviation  on  the  compass  course  is 
westerly,  it  must  be  allowed  to  the  left,  to  find  the  magnetic 
course  or  bearing. 

Example. — Ship's  head  E.N.E.  by  compass,  a  point  of  land 
bore  N.  10°  W.  What  is  the  magnetic  direction  of  the  ship's 
head,  and  the  magnetic  bearing  of  the  point,  the  deviation  being 
as  given  in  table  227  9 

The  deviation  on  E.N.E.  is  12.45  E.,  which  allowed  to  the 
right  of  N.  67.30  E.,  gives  N.  80.15  E.  as  the  magnetic  direction  of 
the  ship's  head;  and  allowed  to  the  right  of  N.  10.0  W.,  gives 
N.  2.45  E.  as  the  magnetic  bearing  of  the  point.  In  the  same 
way,  head  being  N.W.  and  bearing  S.  40  E.,  the  deviation  on 
N.W.  is  9.45  WM  which  allowed  to  the  left,  gives  N.  54.45  Vv\ 
as  magnetic  direction  of  ship's  head,  and  S.  49.45  E.  as  magnetic 
bearing  of  point. 

To  turn  magnetic  courses  or  bearings  into  compass  courses  or 
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sapcsr's  diagram. 


bearings,  it  is  obvious  that  the  deviation  should  be  allowed  the 
opposite  way.  That  is,  easterly  deviation  to  the  left,  and 
westerly  deviation  to  the  right. 

229.  To  facilitate  turning  comj  j  ss  courses  or  bearings  into 
magnetic  courses  or  bearings,  and 
the  reverse,  certain  graphic  methods 
are  sometimes  used.  The  most  com- 
mon is  one  called,  from  its  inventor, 
Napier's  diagram.  The  example 
given,  wherein  are  plotted,  through 
a  quadrant,  the  observations  given 
in  No.  226,  shows  the  use  of  this 
diagram  for  the  purpose  named,  as 
well  as  for  forming  a  curve  of  devia- 
tions from  few  observations* 

The  dotted  compass  point  lines 
intersect  the  vertical  line,  at  an 
angle  of  60°,  and  the  vertical  scale 
and  deviation  scale  are  equal.  There- 
fore, if  the  deviation  found  on  any 
compass  point  be  laid  off  on  one  of 
the  dotted  lines,  or  on  a  line  paral- 
lel thereto,  and,  from  the  point 
reached,  a  line  be  drawn  making 
an  angle  of  60°  with  the  compass 
point  line,  it  will  intersect  the  ver- 
tical line  at  the  magnetic  point. 
And,  vice  versa\  if  the  deviation  on 
a  magnetic  point  be  laid  off  on  one 
of  the  plain  lines,  or  on  a  line  parallel 
thereto,  the  return  line,  drawn  as 
before,  will  reach  the  vertical  line 
at  the  compass  point.  The  three 
lines  form  an  equilateral  triangle, 
of  which  the  difference  between 
compass  and  magnetic  forms  the 
base,  the  other  sides  being  equal 
thereto,  and  to  the  deviation  due 
to  the  direction  of  head,  whether 
given  by  compass  or  magnetic. 

230.  Another  method,  called  the 
straight  line  method,  is  due  to  Mr. 
Archibald  Smith.  It  is  only  useful 
for  showing,  at  a  glance,  the  mag- 
netic course  equivalent  to  any  given 
compass  course,  and  vice  versa,  when  the  deviation  is  known.  Tt 
consists  merely  of  two  parallel  vertical  lines,  each  divided  as  tLe 
circumference  of  a  compass  card  is  divided.     Straight  lines  ate 
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STRAIGHT  LINK  DIAGRAM. 
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drawn,  from  the  compass  points  on  one  line  to  the  magnetic  point* 

on  the  other. 

In  the  annexed  example,  the  deviation  table  through  one  quad- 
rant, given  in  No.  227,  is  thus 
treated. 

If  a  ship  be  steering  a*iy 
compass  course,  shown  on  the 
left-hand  column,  the  corre- 
sponding magnetic  course  is 
shown  on  the  right-hand  column. 
•  noath  ^n<l  *f  **  *8  desircd  to  steer  any 
magnetic  course,  shown  on  the 
right-hand  column,  the  required 
compass  course  is  shown  on  the 
left-hand  column. 

231.  A  third  method  is  to 
have  two  prints  of  compass  cards, 
one  laid  on  the  other.  The 
upper  card  somewhat  smaller 
than  the  lower,  and  capable  of 
being  rotated  about  the  common 
centre.  The  lower  card,  being 
fixed,  may  be  considered  as  re- 
presenting either  true,  or  mag- 
netic, courses  or  bearings. 

Consider  the  lower  card  to 
represent  true  courses  and  bear- 
ings, and  the  north  points  of  the 
two  cards  together.  Conceive 
-at£6£  the  north  point  of  the  upper  card, 
moved  through  an  arc  equal  to 
the  variation,  away  from  the 
north  point  on  the  lower  card,  to 
the  right  when  the  variation  is 
easterly,  and  to  the  left  when 
the  variation  is  westerly.  Magne- 
tic courses  and  bearings  on  the 
upper  card,  and  true  courses  and 
bearings  on  the  lower  card,  will 
now  be  coincident. 

Similarly,  if  the  lower  card 
be  considered  as  showing  mag- 
netic courses  or  bearings,  and 
the  north  points  of  the  cards  be 
separated  by  an  arc  equal  to  the 

floviation,  then  the  compass  courses  and  bearings  on  the  uppor 

card,  will  coincide  with  magnetic  courses  or  bearings  on  the 

lower  card. 
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Diagrams  on  which  curves  of  deviation  can  be  drawn,  so 
ns  to  show  indifferent  observations,  and  thus  eliminate  their 
eilccts,  or  to  form  the  curve  from  few  observations,  are  of  un- 
doubted  value  to  the  seaman*  But  it  is  a  question,  whether  any 
means  such  as  have  been  described,  for  turning  magnetic  course* 
into  compass  courses,  or  the  reverse,  are  of  ultimate  benefit. 
The  habit  of  considering  the  effect  on  courses  and  bearings,  of 
the  north  point,  and  consequently  the  whole  circumference  of 
the  card,  being  turned  right  or  left,  from  what  may  be  con- 
sidered its  proper  position,  so  as  to  have  a  clear  conception 
thereof  in  the  mind,  will  make  the  seaman  independent  of  rules, 
and  of  all  such  semi-mechanical  methods* 

Adjustment  of  the  Compos*. 

232.  If  the  increase  of  iron  put  into  ships  had  been  limited  to 
engines  and  boilers,  it  is  possible  that  a  compass  might  have  been 
so  placed,  in  most  ships,  that  the  deviation  would  have  been  com- 
paratively small.  Seamen  might  have  continued  to  navigate  with 
confidence,  by  ascertaining  and  applying  the  deviation.  But  when 
ships  were  built  with  iron  beams,  iron  frames,  or  wholly  of  iron, 
it  was  no  longer  possible  to  evade  a  deviation  so  large  as  to  be 
unmanageable ;  and  steps  had  to  be  taken  to  correct,  or,  as  it 
is  now  called,  adjust,  the  compass. 

This  operation  is  generally  performed  by  practised  compass 
adjusters ;  but  many  rightly  think  this  is  essentially  the  duty  of 
a  seaman,  and  that  he  should  also  have  sufficient  knowledge  of 
magnetism  to  enable  him  to  select  the  best  position  for  the  com- 
passes of  a  ship.  In  a  book  in  which  teaching  navigation  is  the 
main  object,  magnetism  can  only  be  treated  with  brevity ;  but 
it  is  hoped  that  the  navigator  will  find  herein  all  that  is  required 
for  his  guidance. 

The  horizontal  pointing  of  the  compass  needle  has  been  shown 
to  be  of  the  utmost  importance  to  the  navigator.  For  the  right 
understanding  of  the  magnetism  of  iron  ships,  however,  and  its 
effect  on  the  compass,  some  further  knowledge  of  the  pointing 
of  the  magnetised  needle,  and  the  cause  thereof,  is  necessary. 

In  the  year  1576,  Robert  Norman,  a  mathematical  instrument 
maker,  of  London,  discovered  that  a  needle,  however  nicely 
balanced,  would,  after  being  magnetised,  depart  from  the  hori- 
zontal, and  assume  a  position  within  20°  of  vertical.  By  careful 
observations  he  found  that  the  needle  in  London,  at  that  date, 
pointed,  with  its  north  end  downward,  71o,50'  from  the  horizontal. 
Since  that  time,  observations  have  been  made  nearly  all  over  the 
world.  It  is  found  that  the  needle  is  horizontal  only  on  a  line 
round  the  earth,  not  far  from  the  equator.  Going  from  this  line 
to  the  northward,  the  needle  points  with  its  north  end  downwards ; 
and  going  to  the  southward,  with  its  south  end  downwards.  The 
angle  of  inclination,  in  both  cases,  increases,  till  in  a  position  in 
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each  hemisphere,  about  18°  from  the  earth's  poles,  the  needle 
becomes  vertical.    These  positions  are  called  Magnetic  Poles* 

This  angle  of  inclination  to  the  horizontal  is  called  the  Dip. 
It  is  named  positive,  or  +,  when  the  end  towards  the  north 
magnetic  pole  is  the  lower,  and  negative,  or  — ,  when  the  end 
towards  the  south  magnetic  pole  is  the  lower.  Like  the  variation, 
the  dip  is  found  to  change  with  time,  and  other  circumstances. 

In  the  adjacent  maps,  lines  of  equal  dip  are  drawn.  The 
line  whereon  the  dip  =  0,  is  called  the  magnetic  equator;  and 
the  lines  of  equal  dip  may  be  considered  as  parallels  of  magnetic 
latitude.  The  lines  running  nearly  north  and  south  show  the 
horizontal  direction  the  needle  lies  in,  and  may  be  considered  aa 
magnetic  meridians.  These  lines  converge  to  the  magnetic  pole 
in  each  hemisphere.  For  the  use  of  seamen,  there  is  no  better 
way  of  giving  the  variation  of  the  compass,  than  by  lines  of  equal 
variation,  as  drawn  on  the  variation  chart  (No.  238) ;  but  the 
lines  here  shown  give  a  more  direct  representation  of  the  pointing 
of  the  compass  needle. 

233.  In  the  beginning  of  the  present  century  it  became  known, 
chiefly  through  the  researches  of  Humboldt,  that  the  strength,  or 
force,  with  which  the  needlepoints  is  not  the  same  in  all  parts  of 
the  earth.  It  may  be  stated,  generally,  that  this  force  is  least 
about  the  equator,  and,  like  the  dip,  increases  towards  the  poles. 
Also,  like  the  variation  and  dip,  it  is  not  constant  in  value  at  the 
same  place. 

The  line  whereon  the  magnetic  force  is  least,  coincides  nearly 
with  the  magnetic  equator;  but  there  are  apparently,  in  each 
hemisphere,  two  points  where  the  force  is  greater  than  in  the  sur- 
rounding regions,  neither  of  which  coincides  with  the  magnetic 
pole. 

As  the  earth's  force  is  not  horizontal,  except  at  the  magnetic 
equator,  it  is  convenient  to  reckon,  or  resolve,  as  it  is  called, 
that  force  in  the  horizontal  and  vertical  directions.  If  the 
length  of  the  line  A  C  represents  the  earth's  force,  and  the  angle 
A  be  equal  to  the  dip,  then  the  horizontal  line  A  B,  and  the 

vertical  line  B  C,  will  in  length  repre- 
sent, respectively,  the  horizontal  and  ver- 
tical components  of  the  earth's  force. 
These  quantities  are  usually  called  the 
Horizontal  Force,  the  Verticil  Force,  and 
the  Total  Force.  Of  these  quantities  and 
the  dip,  if  any  two  are  known,  the  other 
two  may  be  found  by  the  ordinary  pro* 
tesses  of  trigonometry. 

As  previously  stated,  the  dip  and 
total  force  increase,  going  away  from 
the  magnetic  equator ;  but  it  is  evident  that  when  the  dip  is  90° 
the  horizontal  force  must  vanish,  whatever  the  total  force  may 
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Maps  showing  the  Magnetic  Equator,  lines  of  Bqual  Dip,  and  Horizon- 
tal Direction  of  the  Compass  Needle.  The  parallels  of  latitude  and  the 
meridians  are  drawn  at  every  fifteen  degrees  of  latitude  and  longitude ;  the  figures  at 
the  circumference  denote  the  dip  in  degrees  along  the  respective  magnetic  parallels ; 
and  the  direction  of  the  magnetic  meridians,  compared  with  the  direction  of  the 
geographical  meridians,  shows  the  variation. 
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Hemisphere  from  120°  E.  to  60°  W.  Longitude. 


ZO 


SO 


The  point*  (©)  to  which  the  magnetic  meridians  converge  eie  the  magnetic  poles, 
sometimes  called,  from  the  dip  thereat  being  90°,  the  poles  of  Verticitj.  The  points 
(»)  show  the  approximate  position  of  the  foci  of  maximum  force.  It  is  remarkable 
that  these  six  points  are  within  160°  of  longitude. 

These  maps,  and  the  following  table  of  horisontal  force,  are  based  on  the  good 
work  on  this  subject  done  by  the  late  Sir  F.  Evans,  &N. 
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be.  The  dip  and  total  force,  therefore,  increase  together  in  such 
a  manner  that  the  horizontal  force  continually  diminishes. 

The  horizontal  force  is  the  only  part  of  the  earth's  force 
by  which  the  compass  card  maintains  its  due  position.  The  sea- 
man is  generally  satisfied  if  this  condition  is  fairly  answered; 
but  he  must  be  sometimes  painfully  aware,  from  what  is  called 
the  sluggishness  of  his  compass,  that  this  force  is,  at  best,  very 
feeble. 

The  following  table  gives  the  comparative  value  of  the  hori- 
zontal force,  in  different  positions;  the  maximum  value  being 
considered  as  unity. 


COMPARATIVE    VALUE    OF    HOKIZONTAL    FOUCB 

Maximum  Value  equal  Unity 

Latitude 

EA8T    LONUITCDB 

0° 

15° 

30° 

45° 

60° 

75° 

90° 

105° 

120° 

135° 

150° 

165° 

180° 

N  6o° 

O-4O 

041 

0'43 

044 

044 

043 

042 

043 

044 

045 

047 

049 

048 

5o 

O49 

052 

068 

057 

058 

058 

058 

0  57 

057 

059 

060 

060 

0'59 

40 

060 

064 

070 

073 

075 

075 

075 

074 

073 

071 

070 

068 

30 

07I 

075 

079 

0-83 

087 

089 

090 

089 

087 

084 

082 

080 

076 

20 

O78 

081 

086 

090 

094 

0'97 

097 

096 

094 

092 

089 

086 

084 

10 

082 

085 

0-88 

090 

093 

097 

I  00 

I  00 

099 

097 

094 

092 

090 

0 

O79 

079 

080 

083 

087 

090 

096 

TOO 

I  OO 

i-oo 

098 

097 

095 

S  10 

070 

070 

070 

072 

076 

082 

088 

092 

096 

098 

098 

097 

0*96 

20 

061 

059 

0-59 

060 

064 

071 

077 

082 

087 

.090 

O-91 

091 

090 

30 

0-56 

054 

052 

o*53 

054 

058 

062 

068 

071 

075 

078 

081 

082 

40 

o-55 

051 

049 

048 

049 

0*50 

051 

054 

OSS 

057 

0*62 

065 

068 

50 

054 

0-50 

047 

044 

0'43 

042 

041 

0'39 

038 

039 

0'43 

047 

0*52 

60 

0'53 

049 

046 

042 

0'39 

036 

032 

0*27 

020 

020 

024 

030 

037 

Latitude 

West  Longitudb 

0° 

15° 

80° 

45° 

60° 

75° 

90° 

106° 

120° 

185° 
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165° 

180° 

N  6o° 

040 

o*37 

033 

0*29 

0'22 

012 

Oio 

020 

029 

038 

0'43 

C46 

0-48 

50 

049 

045 

041 

0'37 

034 

0*32 

036 

o*43 

049 

0-54 

055 

057 

059 

40 

o*6o 

o-55 

050 

048 

O47 

050 

0*56 

060 

064 

065 

065 

066 

Ot)8 

30 

071 

0-66 

062 

061 

065 

071 

077 

080 

080 

077 

074 

074 

076 

20 

078 

074 

072 

072 

077 

085 

090 

0-90 

088 

085 

082 

082 

084 

10 

0*82 

079 

077 

079 

084 

089 

094 

095 

092 

089 

089 

090 

090 

0 

079 

078 

0*77 

0-8o 

083 

089 

0*92 

0  93 

092 

090 

0*92 

093 

0  95 

S  10 

0*70 

071 

073 

076 

O-80 

084 

087 

088 

089 

088 

091 

093 

096 

20 

0-61 

065 

068 

070 

O74 

079 

082 

084 

085 
078 

087 

088 

090 

090 

30 

056 

060 

063 

067 

O70 

076 

077 

078 

080 

081 

082 

082 

40 

o-55 

059 

063 

067 

07I 

074 

075 

073 

071 

070 

070 

070 

068 

50 

054 

0-59 

0-63 

069 

072 

073 

072 

068 

063 

061 

059 

056 

052 

60 

o'53 

058 

063 

068 

07I 

071 

067 

060 

055 

050 

046 

042 

037 

234.  In  dealing  with  the  subject  of  compass  adjustment,  it 
will  sometimes  be  useful  for  the  seaman  to  know  the  value  of  the 
force  with  which  the  needle  points  on  board  ship,  compared  with 
the  force  with  which  it  points  on  shore  ;  or  the  force  with  which 
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it  points  when  the  ship's  bead  is  in  one  direction,  compared  with 
the  force  with  which  it  points  when  the  head  is  in  other  direc- 
tions. It  is  necessary,  therefore,  to  show  how  comparative  mag- 
netic force  is  measured*  If  a  magnetised  needle,  balanced  on  its 
centre,  be  disturbed  from  its  position  of  rest,  it  will,  like  a 
pendulum,  vibrate  through  diminishing  arcs,  till  it  again  comes 
to  rest.  The  speed  of  the  needle  is  increased  when  the  magnetic 
force  is  increased ;  the  force  being  proportional  to  the  square  of 
the  speed  of  the  needle*  That  is,  if  the  needle  in  one  position 
makes  10  vibrations  in  any  given  time,  and  in  another  position 
makes  1 2  vibrations  in  the  same  time,  the  magnetic  force  in  the 
first  position  is  to  the  magnetic  force  in  the  second  position  as 
10*  is  to  12*. 

It  is  convenient  to  measure  the  horizontal  force  and  the 
vertical  force  separately*  The  horizontal  force  is  measured  by 
means  of  a  flat  and  pointed  needle,  about  three  inches  long.  It 
has  a  jewelled  cap  at  its  centre,  which  works  on  a  sharp  pivot. 
It  mfist  be  used  in  a  covered  box,  or  compass  bowl,  to  protect  it 
from  the  motion  of  the  air*  It  is  brought  horizontal  by  a  small 
weight,  counterbalancing  the  dip,  and  so  vibrated  in  the  horizontal 
plane* 

Horizontal  force  may  also  be  measured  by  deflection*  If  a 
magnet  be  placed  at  right  angles  to  the  direction  of  the  needle, 
the  magnet  will  deflect  the  needle  through  a  certain  angle, 
depending  upon  the  strength  of  the  magnet,  compared  with  the 
horizontal  force*  The  smaller  the  force,  the  larger  the  angle  of 
deflection  of  the  needle,  the  force  being  as  the  cosine  of  the  angle 
of  deflection*  Or  the  deflecting  magnet  may  be  moved  round, 
and  kept  at  right  angles  to  the  compass  needle,  and  the  horizontal 
force  measured  by  the  maximum  deflection  the  magnet  is  capable 
of  producing,  when  thus  applied. 

Vertical  force  is  measured  by  means  of  a  Dip  Circle.  This 
is  an  instrument  having  a  flat  pointed  needle,  with  an  axle  passing 
through  its  centre  of  gravity,  about  which  it  can  rotate  in  a 
vertical  plane;  the  axle  being  supported  at  the  centre  of  a, 
graduated  circle.  If  the  circle  is  placed  in  the  vertical  plane  of 
the  magnetic  force,  the  needle  will  stand  in  the  direction  of  that 
force,  showing  the  dip,  if  it  be  acted  on  by  the  earth's  force  only. 
A  small  weight  placed  on  the  upper  arm  of  the  needle,  bringing 
it  horizontal,  will  be  a  measure  of  the  vertical  force* 

If  the  circle  is  placed  at  right  angles  to  the  plane  of  the 
magnetic  force,  the  needle  will  hang  vertically,  where  there  is 
any  vertical  force,  and  in  this  position  may  be  vibrated,  so  as  to 
measure  that  force* 

Measuring  either  horizontal  or  vertical  force  by  vibration,  the 
initial  arc  should  be  the  same,  in  any  positions  wherein  it  is 
desired  to  compare  those  forces*  The  effects  of  friction,  and  the 
resistance  of  the  air,  are  to  cause  the  needle  to  take  a  little  more 
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time,  In  going  through  the  larger  arcs  than  the  smaller,  and 
ultimately  to  bring  it  to  rest.  The  smallest  arcs  which  can  be 
conveniently  used  give  the  best  results* 

235*  Studying  the  phenomena  of  the  pointing  of  the  magne- 
tised needle  on  the  earth's  surface,  and  comparing  them  with  the 
effects  of  one  magnetised  needle,  or  steel  bar,  on  another  magne- 
tised needle,  or  steel  bar,  the  conviction  gradually  gained  ground, 
that  the  earth  is,  or  has  the  properties  of,  a  large  magnet.   Those 

Eroperties  are  two.  First,  Attraction  and  Repulsion  :  the  property 
y  which  one  magnet  will  attract  and  repel  another,  according 
to  definite  laws.  Second,  Induction:  the  property  by  which  a 
magnet  can  impart  magnetism,  and  so  convert  into  a  magnet 
any  piece  of  iron  or  steel,  either  by  contact  or  mere  proximity. 

The  property  of  attraction  and  repulsion  may  be  shown,  by 
bringing  two  compass  cards  near  to  each  other.  The  north  part 
of  one  card  will  push  away  or  repel  the  north  part,  and  attract 
or  draw  towards  it  the  south  part,  of  the  other.  The  ends  of 
magnets  are  called  poles,  and  we  express  the  law  of  attraction 
and  repulsion  by  saying,  like  poles  repel,  and  unlike  poles  attract, 
each  other. 

This  attraction  and  repulsion  may  be  due  to  two  different 
kinds  of  magnetism  in  the  poles,  or  to  an  excess  of  magnetism  in 
one  pole  as  compared  with  the  other,  or  it  may  be  a  magnetic 
state,  depending  upon  neither  one  cause  nor  the  other.  It 
will  be  convenient  to  speak  of  the  magnetic  state  of  the  north 
pole  of  the  compass  needle  as  positive,  indicating  it  by  the 
sign  +,  and  of  that  of  the  south  pole  as  negative,  indicating  it 
by  the  sign—. 

The  pointing  of  the  magnetised  needle  appears  to  be,  the 
direction  it  takes  up  in  obedience  to  the  law  of  attraction  and 
repulsion  existing  between  it  and  the  larger  magnet,  the  earth. 
Also,  the  increasing  strength,  with  which  the  needle  is  found  to 
point  as  the  latitude  increases,  appears  due  to  the  approach  to 
the  magnetic  poles  of  the  earth. 

By  the  law  of  induction,  a  magnet  when  brought  near  to 
any  piece  of  un magnetised  iron,  induces  magnetism  therein ;  the 
near  pole  of  the  magnet,  and  the  proximate  part  of  the  iron, 
having  magnetism  of  opposite  kinds.  The  similar  magnetism  to 
that  of  the  near  pole  of  the  magnet  is  found  in  a  remote  part  of 
the  iron.  Applying  this  law  to  the  earth  as  a  large  magnet,  the 
magnetism  of  iron  and  iron  structures  is  apparently  due  to  in* 
duction  from  the  earth,  and  the  end  or  part  of  iron  which  is 
towards  the  north  will  have  positive  magnetism. 

In  dealing  with  the  magnetism  of  iron  ships,  this  property  of 
induction,  hitherto  little  thought  about  by  seamen,  becomes  of 
great  importance.  The  earth's  magnetic  force,  by  inducing 
magnetism  in  the  iron  of  a  ship,  is  the  source  of  all  magnetic 
disturbances  of  the  compass. 
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236.  The  question  as  to  bow  the  earth  became  magnetised 
will  perhaps  come  into  the  mind — possibly 
it  is,  or  was,  magnetised  by  induction,  from 
some  far  distant  cause.  But  magnetism 
may  be  induced  by  electricity.  If  an 
insulated  wire  is  passed  round  a  piece 
of  iron,  and  the  wire  be  considered  as 
conveying  an  electric  current  flowing  from 
positive  to  negative,  the  iron  will  become 
magnetised,  and  have  positive  and  negative 
powers,  as  shown  in  the  figure. 

IT  the  trade  winds  flowing  round  the  earth  from  the  eastward, 
be  considered  as  acting  as  a  positive  electric  current,  the  earth 
would  be  magnetised  with  a  negative  pole  to  the  north,  and  a 
positive  pole  to  the  south.  Whether  it  is  thus  magnetised  or 
not,  the  idea  will  aid  the  memory  as  to  the  magnetic  state  of  the 
earth,  show  how  magnetic  forces  may  be  generated  by  electricity, 
and  suggest  the  possibility  of  compass  disturbance,  by  the  in- 
creasing use  of  electricity  on  board  ship. 

237.  All  iron  is  capable  of  receiving  magnetism  by  induction 
from  the  earth.  If  the  iron  remain  a  long  time  in  the  same  posi- 
tion, or  if  it  be  hammered  or  subjected  to  mechanical  violence, 
part  of  the  induced  magnetism  will  remain.  That  is,  the  iron 
will  show  polarity  in  the  same  parts,  after  it  has  been  moved  into 
another  position,  relatively  to  the  line  of  the  earth's  force. 

All  magnetism,  therefore,  may  be  called  induced  magnetism. 
That  which  instantly  passes  away,  when  the  inducing  cause  no 
longer  acts,  is  called  transient  magnetism.  That  which  remains 
for  a  longer  or  shorter  time,  is  generally  called  permanent  mag- 
netism. The  term  permanent,  in  this  extended  sense,  means  all 
magnetism  that  is  not  transient.  The  terms  trans-permanent, 
sub-permanent,  and  permanent,  may  be  used  to  indicate  increas- 
ing degrees  of  permanency,  if  desired.  It  is,  however,  a  question 
whether  anything  is  gained  by  thus  multiplying  terms,  as  no 
definite  line  of  separation  can  exist. 

Speaking  generally,  iron  will  receive  or  part  with  magnetism 
more  or  less  readily,  according  as  it  is  soft  or  hard.  Hard  iron  or 
steel,  when  magnetised,  will  retain  its  polarity  for  a  very  long 
time. 

238.  The  disturbing  effects  of  iron  on  a  compass,  being  caused 
by  magnetism  induced  in  the  iron  by  the  earth's  magnetism,  the 
possibility  of  so  placing  iron  about  a  compass  on  board  ship  as  to 
counteract  the  effect  of  the  iron  of  the  ship,  is  the  problem  of 
compass  adjustment. 

Professor  Barlow  was  the  first  to  deal  practically  with  compass 
adjustment,  and  the  problem  was  subsequently  completely*  solved 
by  Professor  Airy  in  1839.  That  gentleman  gave  the  result*  of 
hi*  researches  and  experiments  in  the  following  words :  '  By 
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placing  a  magnet  so  that  its  action  will  take  place  in  a  direction 
opposite  to  that  which  the  investigations  show  to  be  the  direction 
of  the  ship's  independent  magnetic  action,  and  at  such  a  distance 
that  its  effect  is  equal  to  that  of  the  ship's  independent  magne- 
tism, and  by  counteracting  the  effect  of  the  induced  magnetism 
by  means  of  the  induced  magnetism  of  another  mass  [according 
to  rules  which  are  given],  the  compass  may  be  made  to  point 
exactly  as  if  it  were  free  from  disturbance/  Briefly,  this  state- 
ment is  to  the  effect,  that  the  permanent  magnetism  of  the  ship 
may  be  counteracted  by  the  permanent  magnetism  of  steel  mag- 
nets, and  the  transient  magnetism  of  the  ship  by  the  transient 
magnetism  of  iron ;  the  magnets  and  iron  being  placed  near  the 
compass,  according  to  definite  rules. 

In  order  to  be  able  to  consider  together,  the  disturbing  effects 
of  the  iron  of  the  ship  on  the  compass,  and  the  action  of  magnets 
and  iron  in  counteracting  the  same,  a  brief  explanation  of  the 
tatter  is  necessary. 

239.  Magnets,  when  used  to  adjust  a  compass,  are  applied, 
generally,  either  end  on,  or,  as  it  has  been  termed,  broadside  on. 
If  a  magnet  be  placed  near  a  compass,  so  that  the  centre  of  the 
needle  is  in  the  line  of  the  magnet,  the  effect  of  the  magnet  is  to 
cause  a  force  pushing  away  the  north  point  of  the  needle,  if  the 
positive  end  of  the  maguet  is  presented,  and  drawing  the  north 
point  of  the  needle  towards  the  magnet,  if  the  negative  end  is 
presented.     In  the  figure,  — . 

if  e  represent  the   centre  ' -J  £     ^ 

of  the  compass  needle,  the  ____________ 

arrows  represent   the    di-  i  +  —  | «< — • 

rection  of  the  force  on  its  ° 

north  end.    This  is  called  the  end-on  position  of  the  magnet. 

If  a  magnet  be  placed  near  a  compass,  so  that  the  centre 
of  the  needle  is  in  the  same  plane  as  the  magnet,  and  on  a  line 
drawn  from  the  middle  of  the  magnet,  perpendicular  to  its  direc- 
tion, the  effect  of  the  magnet  is  to  ^ 
cause  a  force  parallel  to  itself,  pushing  «<- 
the  north  end  of  the  needle  away  from 
the  positive  end  of  the  magnet.  In  the 
figure,  if  e  be  the  centre  of  the  com- 
pass needle,  the  arrow  shows'  the  di- 
rection of  the  force  on  its  north  end. 

This  is  sometimes  called  the  broadside  |-  

position  of  the  magnet. 

Magnets  used  for  compass  adjustment  are  made  of  hard  steel, 
and  well  magnetised.  Their  magnetism  may  be  considered  as  per- 
manent. Thus,  by  means  of  a  magnet,  a  permanent  magnetic 
force  can  be  produced,  pushing  the  north  end  of  the  compass 
Deedle  in  any  desired  direction. 

240.  The  iron  used  in  adjusting  compasses  should  be  soft  malle< 
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able  iron,  so  that  magnetism  is  readily  induced  therein  by  the  earth** 
force,  and  readily  parted  with ;  that  is,  it  does  not  become  permanent. 
It  is  used  for  two  purposes.  For  one  purpose,  it  is  in  the 
form  of  an  upright  bar,  placed,  generally,  before  or  abaft  the 
compass.  For  another  purpose,  masses  of  chain  or  scrap  iron  in 
boxes,  cylinders,  or  spheres,  are  used.  These  are  placed  beside 
the  compass,  on  the  same  level  as  the  needle. 

241.  The  action  of  the  upright  bar  depends  upon  the  earth's 
rertical  force.  In  north  magnetic  latitude,  the  lower  end  has 
positive  magnetism,  and  the  upper  end  negative  magnetism.  On 
the  magnetic  equator  the  bar  may  be  considered  as  unmagnetised. 
In  south  magnetic  latitude,  the  lower  end  has  negative  magnetism, 

and  the  upper  end  positive  magnet- 
ism. Therefore  a  magnetic  force  in 
any  direction  can  be  produced,  acting 
on  the  north  end  of  the  compass 
needle,  varying  in  strength  with  the 
earth's  vertical  force,  by  placing  the 
upper  end  of  the  bar  in  a  suitable 
position.  It  is  generally  desired  to 
make  this  force  horizontal,  as  shown 
in  the  figure,  where  c  is  the  centre  of 
the  compass  needle.  After  Captain 
Flinders,  R.N.,  who  was  the  first  to 
propose  this,  or,  indeed,  any  mode  of 

counteracting  the  effect  of  the  ship's  iron  on  the  compass,  iron 

thus  used  is  called  a  Flinders  bar. 

242.  The   action  of    iron    placed  beside  a  compass,   is  not 

quite  so  simple  as  that  of  the 
Flinders  bar.  In  the  fig.  let  e 
be  the  centre  of  the  compass 
needle,  and  the  circle  the 
outer  circumference  of  the 
binnacle.  Let  a  represent  a 
horizontal  iron  rod,  placed 
radially  north  of  the  centre  of 
the  compass.  In  this  position 
it  will  be  magnetised  by  in- 
duction from  the  earth — the 
north  end  of  the  rod  with 
positive  magnetism,  and  the 
south  end  with  negative  mag- 
netism. It  will  cause  no 
deflection  of  the  needle,  be- 
cause the  force  is  in  the  line 
of  the  needle.  It  will,  how- 
ever, increase  the  force  with 
which  the  needle  points. 
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Conceiving  the  rod  to  be  moved  round  the  needle  to  the 
right,  as  the  spokes  of  a  wheel  move  round  its  centre,  it  will 
be  seen  that  the  amount  of  magnetism  in  the  rod  will  diminish  as 
;t  goes  round,  till  in  the  east  position  it  may  be  considered  ah 
without  magnetism.  But  as  the  rod  leaves  the  north  position,  so 
the  magnetic  force  of  the  rod,  by  being  inclined  to  the  needle  at 
a  greater  angle,  has  a  greater  proportional  effect  in  deflecting  it. 
From  the  combined  action  of  these  two  causes,  the  maximum 
deflection  of  the  needle  occurs  when  the  rod  is  in  the  N.E. 
position. 

Following  the  rod  round,  and  noting  the  magnetism  induced 
therein  by  the  earth's  magnetism,  and  the  effect  of  the  magnetic 
force,  thus  generated  in  the  rod,  in  deflecting  the  needle,  the 
following  results  will  appear : — 

Bod  North  or  South  of  the  centre  of  the  needle.  Increase  of 
force,  no  deflection  of  the  needle. 

Bod  N.E.  or  S.W.  Increase  of  force,  maximum  easterly 
deflection  of  the  needle. 

Bod  East  or  West.     No  effect  on  the  needle. 

Bod  S.E.  or  N.W.  Increase  of  force,  maximum  westerly 
deflection  of  the  needle. 

,  Thus  it  will  be  seen,  that  the  effect  of  the  rod  is  to  cause  a 
deflection  of  the  needle,  easterly  and  westerly  in  alternate  quad- 
rants, and  to  increase  the  mean  magnetic  force.  It  will  also  be 
seen,  that  the  effect  of  two  rods  opposite  to  each  other,  is  to 
double  the  effect  of  one. 

243.  Another  instructive  example  of  the  effects  of  iron  moving 
round  a  compass  is  that  of  a  similar  rod  placed  tangentially. 
Following  the  rod  round,  and  noting 
the  magnetism  induced  therein,  and 
the  effect  thereof  on  the  compass 
needle,  as  in  the  figure,  the  following 
results  will  be  seen : — 

Near  end  of  the  rod  North  or 
South  of  the  centre  of  the  needle. 
No  effect. 

Near  end  of  the  rod  N.E.  or  S.W. 
of  the  centre  of  the  needle.  Westerly 
deflection  of  the  needle. 

Near  end  of  the  rod  East  or 
West  of  the  centre  of  the  needle. 
Maximum  westerly  deflection  of  the 

Near  end  of  the  rod  S.E.  or  N.W.  fe 

of  the  centre  of  the  needle.      Westerly  deflection  of  the  needle. 

In  this  example,  as  in  242,  the  effect  of  two  rods  in  opposite 
positions  is  to  double  the  effect  of  one. 

When  two  rods  thus  placed  tangentially,  having  their  near 
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ends  at  North  and  East,  or  in  any  positions  90°  apart,  revolve 
about  the  compass  together,  one  rod  will  cause  a  maximum 
deflection  of  the  needle,  when  the  other  rod  has  no  effect  thereon. 
As  the  effect  of  one  rod  increases,  the  effect  of  the  other  decreases ; 
and  the  combined  effect  of  the  two  rods,  thus  revolving  together, 
is  a  constant  westerly  deflection  of  the  needle.  If  the  rods  are 
placed  in  the  opposite  direction  from  their  point  of  contact  with 
the  circle,  similar  easterly  deflections  will  be  produced. 

The    iron    rod    has    been    here   used  as   an    example,  be- 

cause  the  effects  can  be  most 
N  simply    shown    thereby ;     but 

other  forms  of  iron  (240)  are 
generally  used  in  adjusting 
compasses,  to  produce  the  same 
effects.  Hollow  iron  spheres 
are  used  with  Sir  William 
Thomson's  oompass.  Their 
action  is  that  of  a  rod  of  the 
|  length  of  the  diameter  of  the 
sphere,  always  standing  in  the 
line  of  the  earth's  magnetic 
force,  and  magnetised  thereby. 
In  the  figure,  where  e  is  the 
centre  of  the  compass  needle, 
it  will  be  seen  that  the  hori- 
zontal force  of  the  spheres 
q  deflects    it,    and    affects     its 

^  pointing    force,  in    the    same 

manner  as  the  iron  rod  in  242.  When  east  and  west  of  the 
oentre,4iowever,  spheres  diminish  the  directive  force  on  the  needle, 
more  than  the  forms  of  iron  commonly  used. 

Having  briefly  examined  the  means  employed  to  counteract 
the  ship's  magnetic  forces,  the  origin  and  effect  of  those  forces, 
and  the  mode  of  applying  the  counteracting  means,  may  now  be 
considered. 

244.  An  iron  ship,  in  the  course  of  construction,  stands  in  the 
influence,  or  field  as  it  is  termed,  of  the  earth's  magnetism,  and 
is  consequently  magnetised  by  induction.  In  north  magnetic 
latitude,  all  upright  iron  structures,  such  as  stern-post  and  frames, 
have  positive  magnetism  in  their  loffer  ends,  and  negative  mag- 
netism in  their  upper  ends.  In  south  magnetic  latitude,  these 
conditions  are  reversed.  In  all  latitudes,  horizontal  iron  structures, 
such  as  beams  and  keel,  have  positive  magnetism  in  their  northern 
ends,  and  negative  magnetism  in  their  southern  ends.  The  ship 
throughout  is,  in  course  of  building,  permeated  with  magnetism  in 
the  direction  of  the  inducing  force.  Part  of  the  magnetism  thus 
acquired  in  building  remains  after  the  ship  has  been  launched, 
causing  a  permanent  magnetic  force,  in  some  direction  in  the  ship. 
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1/his  force  tends  to  draw  the  north  point  of  the  compass  towards 
that  part  of  the  ship  which  was  south  in  building. 

Besides  this  permanent  magnetism,  the  ship,  as  she  sub- 
sequently turns  about  with  her  head  in  different  directions,  takes 
up  magnetism  according  to  her  varying  positions.  The  amount 
of  magnetism  iron  will  thus  receive  by  induction,  within  the  limits 
of  the  change  in  the  earth's  force,  varies  as  that  force  $  the  ends 
of  beams,  and  other  parts  of  the  ship's  structure,  which  are  towards 
the  north  having  positive  magnetism,  which  changes  and  becomes 
negative  when  the  direction  of  the  ship's  head  is  reversed.  It  is 
evident,  however,  that  vertical  iron  will  have  magnetism  which 
does  not  depend  on  the  direction  of  the  ship's  head,  bi  t  which 
will  vary,  in  character  and  value,  with  the  earth's  vertical  force 
only. 

245.  From  these  premises  it  will  be  seen,  that  there  must  be 
always  a  Constant  force,  and  a  Variable  force,  acting  on  the 
compass  needle  as  the  ship  goes  round.  Therefore,  if  the  direction 
and  value  of  these  forces  are  known,  together  with  the  law  which 
governs  the  change  in  the  variable  force,  the  deviation  of  the 
compass  could  be  found  without  swinging  the  ship.  Generally,  it 
is  easier  to  deal  with  the  deviation  than  with  the  forces  which 
cause  it ;  but  a  knowledge  of  the  manner  in  which  these  forces 
act,  facilitates  very  much  the  construction  of  a  deviation  table. 
Considering  the  commercial  value  of  time,  in  all  matters  relating 
to  shipping,  this  is  a  subject  of  no  small  importance. 

246.  It  has  been  stated,  that  part  of  the  magnetism  acquired 
in  building  causes  a  constant  force,  in  some  direction,  in  the  ship. 
The  amount  of  deviation  any  force  is  capable  of  producing  must 
decrease,  as  the  force  with  which  the  needle  points  increases. 
Therefore,  the  deviation  caused  by  the'ship's  permanent  magnetism 
varies  inversely  as  the  earth's  horizontal  force. 

It  is  also  clear,  that,  if  the  direction  of  the  ship's  permanent 
magnetic  force  is  known,  a  permanent  force  by  means  of  magnets 
(239)  might  be  produced  to  counteract  it ;  and  if  this  magnetism 
of  the  ship,  and  of  the  magnets,  were  equally  permanent,  the 
adjustment  would  be  perfect  for  all  time  and  places. 

The  transient  magnetism  of  vertical  iron  also  causes  a  force 
which  is  constant  in  direction  and  value,  as  the  ship  goes 
round.  This  force,  however,  changes  with  change  of  place,  as  it 
depends  on  the  earth's  vertical  force  for  its  value.  The  liability 
of  the  needle  to  be  deflected  thereby  varies  inversely  as  the 
horizontal  force.  Therefore,  the  deviation  caused  by  the  tran- 
sient magnetism  of  vertical  iron  will  vary  as, 

ver.  force  x  r - =tan.  dip 

hor.  force 

247.  The  following  diagram  will  show  how  the  compass  is 
affected  by  the  transient  magnetism  of  vertical  iron,  and  the 
manner  in  which  Flinders'  bar  (211)  counteracts  that  effect. 
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In  north  magnetic  latitude,  the  upper  partcf  the  ship's  frames 
haying  negative  magnetism,  a  compass  in  the  position  (a)  would 
have  its  north  point  drawn  to  the  westward.  In  south  magnetic 
latitude,  it  would  be  drawn  to  the  eastward.  It  is  certain  that 
no  fixed  magnet  would  meet  this  change.  A  Flinders  bar,  how- 
ever, might  be  placed  before  the  compass,  so  that  its  magnetism 
would  exactly  counteract  that  of  the  stern  frames.  The  mag- 
netism of  the  bar  would  change,  exactly  as  that  of  the  stern 
frames,  when  the  ship  went  into  south  magnetic  magnitude. 

At  a  position  (6),  generally  rather  more  than  one-third  of  the 
distance  between  the  stern  and  the  funnel  (/),  the  magnetism  of 
the  upper  part  of  the  boilers  and  funnel  counteracts  that  of  the 
stern  Irames,  so  that  no  bar  is  required. 

At  the  position  (c),  the  bar  would  be  lequired  abaft  the 
compass;  at  the  position  (d),  before  the  compass. 

The  position  (6),  when  not  otherwise  objectionable,  is  chosen 
for  the  position  of  the  standard  compass  in  the  Royal  Navy. 
The  position  (d),  being  more  convenient,  is  commonly  used  in  the 
Mercantile  Navy. 

If  a  compass  were  placed  out  of  the  middle  line,  its  north 
point  would  be  drawn  to  the  near  side  of  the  ship  in  north  mag- 
netic latitude,  and  repelled  therefrom  in  south  magnetic  latitude. 
This  effect  would  have  its  maximum  value  when  the  ship's  head 
is  north  or  south;  and  the  Flinders  bar  must  be  towards  the 
middle  line,  to  counteract  it. 

248.  The  horizontal  forces,  from  permanent  magnetism  and 
the  transient  magnetism  of  vertical  iron,  cause  a  deviation  which 
is  zero  when  the  direction  of  the  ship's  head  is  such  that  the 
resultant  of  these  forces  is  in  the  north  and  south  line ;  and  a 
maximum  deviation  when  that  resultant  is  in  the  east  and  west 
line.  This  deviation,  from  being  easterly  through  one  semi- 
circle, and  westerly  through  the  other,  is  called  the  Semicircular 
Deviation. 

In  correcting  the  semicircular  deviation,  such  magnets  as  are 
commonly  used  should  not  be  brought  nearer  than  twice  their 
length  to  the  compass  needles.  And  Flinders'  bar  should  not  be 
so  near  to  the  compass  needles,  or  correcting  magnets,  as  to 
receive  magnetism  by  induction  from  them. 

249.  When  the  semicircular  deviation  has  been  got  rid  of,  by 


INSTRUMENTS  OF  NAVIGATION. 


93 


the  means  shown,  there  remains  the  deviation  caused  by  the 
variable  force.  This  force  comes  from  the  transient  magnetism 
of  horizontal  iron ;  or,  from  the  transient  magnetism  induced  by 
the  earth's  horizontal  force,  in  iron  in  any  position.  It  causes  a 
deviation  which  has  four  equidistant  zero  points,  and  is  alter- 
nately easterly  and  westerly,  in  the  intervening  quadrants.  It 
is  for  this  reason  called  Quadrantal  Deviation.  The  follow- 
ing diagram  will  show  how  it  is  caused,  and  why  it  takes  that 
form* 


Let  the  figures  in  the  diagram  represent  the  upper  deck  of  a 
ship,  in  the  several  positions,  and  the  fore-and-aft  and  thwartship 
lines  thereon  represent  the  horizontal  magnetic  axes  of  the  ship, 
passing  through  the  centre  of  the  compass.  Considering  the 
magnetism  of  these  axes  to  be  positive  in  the  ends  presented  to 
the  north,  it  will  be  seen  that,  with  the  ship's  head  north,  there 
will  be  no  deviation ;  with  the  head  N.E.,  the  thwartship  magnet- 
ism tends  to  deflect  the  needle  to  the  right,  while  the  fore-and-aft 
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magnetism  tends  to  deflect  it  to  the  left.  From  the  proximity 
of  the  poles  of  the  thwartship  magnetism,  as  compared  with  the 
poles  of  the  fore-and-aft  magnetism,  the  deviation  is  always 
easterly. 

It  is  as  well,  however,  for  the  student  to  recognise  the  possi- 
bility of  its  being  westerly,  as  in  the  case  of  a  very  flat  vessel, 
where  the  compass  might  be  placed  not  much  above  the  screw- 
shaft,  or  keel. 

Following  the  vessel  round  in  the  several  positions,  it  will  be 
seen  that  there  is  a  deviation,  alternately  easterly  and  westerly, 
having  its  zero  points  when  the  ship's  head  is  on  the  cardinal 
points;  and  that  there  is  always  a  diminution  of  the  pointing 
force  of  the  needle.  No.  242  shows,  that  a  quadrantal  deviation 
of  this  kind  could  be  corrected,  and  the  pointing  force  of  the 
needle  increased,  by  placing  iron  on  each  side  of  the  compass, 
directly  athwartships. 

The  compaas  might  be  so  placed,  with  reference  to  the  iron 
about  it,  especially  if  it  were  out  of  the  middle  line  of  the 
ship,  that  the  magnetic  axes  would  be  oblique  in  the  ship.  In 
that  case,  the  zero  points  of  the  quadrantal  deviation  would  not 
be  at  the  cardinal  points.  No.  242  shows  that  any  quadrantal 
deviation  can  be  corrected,  by  placing  iron  beside  the  compass,  at 
the  same  angle  from  the  ship's  head,  as  the  zero  points  which 
have  easterly  quadrantal  deviation  on  their  left,  are  from  the  north 
point  of  the  compass. 

250.  Besides  the  semicircular  and  quadrantal  deviations,  there 
is  sometimes  a  residual  deviation,  which  has  the  same  value  in 
whatever  direction  the  ship's  head  may  be,  and  is  therefore  called 
the  Constant  Deviation.  No.  243  shows  that  if  a  compass  were 
placed  near  iron,  such  as  bulkheads,  in  somewhat  the  relative 
position  of  the  corrector  there  shown,  a  positive  or  negative 
constant  deviation  might  be  caused,  and  that  either  one  or  the 
other  can  be  corrected,  by  correctors  placed  tangentially. 

251.  Reverting  to  the  force  which  is  in  some  fixed  direction 
in  the  ship,  the  deviation  caused  thereby  must  be  the  same  in 
amount,  but  contrary  in  sign,  when  the  ship's  head  is  in  opposite 
directions  ;  or,  when  the  deviation  is  small,  in  opposite  directions 
by  compass. 

Looking  at  the  cause  of  the  variable  force,  whatever  may  be 
the  position  of  iron  about  a  compass,  that  force  will  be  the  same 
when  the  ship's  head  is  in  opposite  directions.  The  deviation  caused 
thereby  will  also  be  the  same  in  amount,  and  have  the  same 
sign,  when  the  semicircular  deviation  has  been  corrected,  or  is 
small. 

These  facts  show  how  the  deviation  caused  by  the  variable 
force  may  be  separated  from  that  caused  by  the  constant  force. 
Let  the  deviation  on  each  point  of  the  compass  be  tabulated  in 
the  following  form : 
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DerUtion 

Head 

Deration 

Column  I. 

Colnmnn. 

Column  ITL 

North 

o    / 
O  O 

South 

§0   E. 

4  0   E. 

0  05  w. 

I  57  E. 

N.bE. 

4  20  E. 

S.bW. 

8  30  E. 

6  25  E. 

2  0    W. 

2  12  E. 

N.N.E. 

6  40  E. 

8S.W. 

8  30  E. 

7  35  E. 

3  35  W. 

2  0   E. 

N.E.  b  N. 

8  50  E. 

S.W.bS. 

7  40  E. 

8  15  E. 

425W. 

1  55  B. 

N.E. 

IO  0  E. 

8.W. 

6  0   E. 

8  0  E. 

4  05  W. 

I  57  E. 

N.KbE. 

10  20  E. 

aw.bw. 

3  10  E. 

645E. 

2  50  W. 

I  57  E. 

E.N.E. 

9  50  E. 

W.S.W. 

0  20  w. 

4  45E. 

0  40  W. 

2  02  E. 

E.bN. 

8  10  E. 

W.bS. 

350W. 

2  10  E. 

I  40  E. 

1  55  E. 

East 

7  0  E. 

W«*t 

7  10  W. 

0  05  W. 

8(15  55  E. 

E.bS. 

540E. 
4  30  E. 

W.bW. 

940W. 

II  40  W. 

2  0  W. 

ES.E. 

W.N.W. 

3  35  W. 

Constant  1          „ 
deviation  / 

8.E.B. 
8E. 

3  40  E. 
3  40  E. 

N.W.bW. 
N.W. 

12  30  w. 
11  50  w. 

405W. 

S.E.bS. 

4  0   E. 

N.W.bN. 

9  40  W. 

2  50  W. 

as.E. 

5  30  E. 

N.N.W. 

6  50  W. 

0  40  W. 

abE. 

6  50  E. 

N.bW. 

3  3oW. 

I  40E. 

Tate  half  tiie  sum  of  tlie  deviations,  on  each  pair  of  opposite 
points,  and  insert  it,  with  its  proper  sign,  in  column  I.  From 
what  has  gone  before,  this  must  be  the  deviation  caused  by  the 
variable  force,  on  each  of  the  two  points.  That  is,  on  the  north 
and  south  points,  there  is  4°  easterly  deviation,  on  N.  b  E.  and 
S.b  W.,  6°  25'  E.,  on  N.N.E.  and  S.S.W.,  7°  85;  E.,  from  that 
force.  So  the  deviation  caused  thereby  can  be  ascertained  on 
every  point  of  the  compass. 

To  find  how  much  of  column  I.  has  the  same  value  on  every 
point,  bring  up  its  lower  half  into  column  II.  Insert  half  the 
sum  of  the  values  in  columns  L  and  II.,  with  its  proper  sign,  in 
column  III.  Each  value  in  this  column  will  be  that  of  the  mean 
of  the  deviation  on  four  points  90°  apart,  and  should  be  equal  to 
each  other,  and  to  the  mean  constant  deviation  2°  V  E. 

The  deviation  in  column  I.,  made  up  of  the  quadrantal  and 
the  constant  deviations,  has  the  same  value  in  all  parts  of  the 
world.  Because,  the  disturbing  force  and  the  pointing  force 
of  the  needle  vary  together,  both  depending  on  the  earth's  hori- 
zontal force.  It  also  changes  but  little  with  time,  losing  about 
•05  of  its  value  in  a  year,  owing  to  the  fact  that  iron  slowly  loses 
its  capacity  for  receiving  magnetism  by  induction.  It  may  be 
worth  noting  here,  that  this  quantity  has  nearly  the  same  value, 
at  compasses  similarly  placed,  in  ships  nearly  alike. 

The  correction  by  soft  iron  is  also  perfect  for  all  time  and 
places,  if  the  magnetism  of  the  correctors  is  derived  from  the 
earth's  force  only ;  but  when  the  correctors  are  placed  so  near  to 
compass  needles,  as  to  receive  magnetism  by  induction  from 
them,  though  it  adds  to  their  power  as  correctors,  the  correction  is 
to  that  extent  imperfect,  the  correctors  having  less  effect  when  the 
horizontal  force  is  increased.  The  soft  iron  correctors  should  on 
no  account  be  less  than  the  length  of  the  needles,  from  their  ends. 
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252.  When  a  compass  is  placed  on  the  upper  deck,  in  the 
middle  line  of  the  ship,  with  the  iron  in  about  the  same  relative 
position  on  each  side  of  it,  and  the  usual  height  for  taking  bear- 
ings, the  maximum  quadrantal  deviation  is  about  6°  in  a  new 
iron  ship.  Its  zero  points  are  at  the  cardinal  points,  and  there  is 
no  constant  deviation.  In  compasses  placed  in  very  unfavourable 
positions,  the  constant  deviation  has  amounted  to  12°,  and  the 
quadrantal  deviation  to  24°,  and  possibly  more. 

It  is  not  customary  to  correct  the  constant  deviation  by 
soft  iron,  as  it  occurs  generally  only  in  compasses  not  required 
for  taking  bearings.  To  meet  it,  the  binnacle,  or  the  compass  in  the 
binnacle,  or  the  lubber-line  itself,  is  so  placed,  that  it  points  the 
value  of  the  constant  deviation,  on  the  starboard  bow,  when  positive, 
and  on  the  port  bow  when  negative.  Thus,  a  course  steered  by  a 
compass,  having  the  lubber-line  so  placed,  is  unaffected  by  the 
constant  deviation. 

If  the  quadrantal  and  constant  deviations  were  not  corrected, 
or  were  only  partially  corrected,  column  I.  (251),  the  sum  of 
their  values  might  be  tabulated  on  each  point  of  the  compass, 
whenever  opportunities  occur  of  swinging  the  ship  completely 
round.  Bearing  in  mind  what  has  been  said  (No.  251),  this 
quantity  should  soon  become  very  exactly  known,  leaving  only 
the  semicircular  deviation  to  be  ascertained. 

253.  The  horizontal  forces  causing  the  semicircular  deviation, 
are  best  considered  as  resolved  in  the  fore-and-aft  and  in  the 
a  thwarts  hip  directions.  The  fore-and-aft  force  causes  a  maximum 
deviation,  when  the  ship's  head  is  east  or  west.  The  athwart- 
ship  force  causes  a  maximum  deviation,  when  the  head  is  north 
or  south.  Looking  at  the  deviation  table  (No.  251),  and  allowing 
for  the  value  in  column  I.,  it  is  evident  that  in  this  case  there  is 
a  force  towards  the  ship's  head,  capable  of  producing  a  maximum 
deviation  of  7°  5',  and  that  there  is  a  force  towards  the  ship's 
port  side,  capable  of  producing  a  deviation  of  4°.  Therefore,  to 
adjust  this  compass,  a  force  must  be  produced  by  magnets,  or 
Flinders'  bar,  or  both,  towards  the  stern,  leaving  5'  westerly 
deviation  on  the  east  and  west  points ;  and  towards  the  starboard 
side,  leaving  4°  easterly  deviation  on  the  north  and  south  points. 
These  residual  quantities  must  be  corrected  by  the  means  already 
explained,  Nos.  249,  250. 

Hence  the  law  for  correcting  the  semicircular  deviation. 
Make  the  deviation  zero  on  any  two  adjacent  cardinal  points. 
If  it  is  known,  or,  from  the  position  of  the  iron  about  the  com- 
pass, suspected,  that  there  is  deviation  on  those  points  from  the 
variable  force,  then  the  ship's  head  must  be  placed  on  the  oppo- 
site cardinal  points  also,  and  half  the  deviation  found  thereon 
taken  oat. 

254.  The  question  naturally  arises,  as  to  how  much  of  the 
semicircular  deviation  should  be  taken  out  by  magnets,  and  how 
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much  by  Flinders'  bar.  At  first,  there  is  no  other  guide  than 
the  position  of  the  compass  (No.  247) ;  but  when  a  ship  has  gone 
into  positions  where  there  is  much  change  in  dip  and  horizontal 
force,  a  better  judgment  can  be  formed.  At  the  magnetic  equator, 
there  can  be  no  transient  magnetism  in  vertical  iron ;  all  the 
semicircular  deviation  there  found,  must  be  caused  by  the  ship's 
permanent  force.  Hence  if,  near  the  magnetic  equator,  the  semi- 
circular  deviation  be  corrected  by  magnets,  any  deviation  sub- 
sequently found,  arising  from  change  of  place,  should  be  corrected 
by  Flinders'  bar. 

From  the  fact  (No.  246)  that  one  part  of  the  semicircular 
deviation  varies  inversely  as  the  horizontal  force,  and  the  other 
part  as  the  tangent  of  the  dip,  the  value  of  each  of  these  parts 
can  by  ascertained,  if  the  deviation  is  observed  in  two  magnetic 
latitudes. 

Example. — The  steamship  Scotia,  having  a  standard  compass 
in  position  d  (No.  247),  corrected  by  magnets  in  the  Thames,  soon 
after,  in  latitude  30°  S.,  longitude  16°  E.,  found  12°  easterly 
deviation  on  the  east  point,  and  10°  westerly  on  the  west  point. 
How  much  of  the  deviation  on  those  points  should  be  corrected 
by  Flinders'  bar? 

From  map  232,  and  table  233  :— 

Thames,  dip  67  J° ;  Nat  tan.  of  dip  242  ;  Hor.  force  *4& 

Lo£i6°  i"}dip  "  5I°'  Nat*  UM'  of  dip  ~  '  24;  Hor*  force  "** 

Let  P  —  the  deviation  from  permanent  magnetism, 
tad  TV  the  deviation  from  transi<iit  magnetism  of  vertical  iron. 
p 
(1)  Thames       .    *    +  T  x  2  42  -  o. 

^  Lon  16°  e}  —  +  T  *  - I24  ■  I|0  semicucolar  on  east  point 

From  (1)  P  -  - 116  T, 
Substituting  in  (2)- 3  39  T-  11°  semicircular  on  Mat  point 

ii° 

Therefore"  T  -   -  —     -  -  325°  on  east  point 
339 
In  the  Thames  .  -3*25°  x     2*42  (the  tan.  of  dip)-  -  7f°. 

Lot  300  S.f  Lon.  160  E.  -  3-25°  x  - 1  -24  (the  tan.  of  dip)  -     40. 

Therefore,  a  Flinders  bar  should  be  placed  before  the  compass, 
capable  of  deflecting  the  needle  7|°  in  the  Thames,  and  4°  at 
the  southern  position.  These  deflections,  from  the  magnetism  of 
the  bar,  will  be  in  opposite  directions,  and  will  exactly  correct 
the  deviation  caused  by  the  transient  magnetism  of  vertical  iron. 
Clearly,  the  magnetism  of  the  funnel,  in  this  case,  draws  the  north 
point  of  the  needle  aft,  in  north  magnetic  latitude ;  and  forward, 
in  south  magnetic  latitude.  A  convenient  form  of  Flinders'  bar  is 
fitted  to  the  binnacle  of  Sir  Wm.  Thomson's  compass. 

255.  The  value  of  the  semicircular  deviation,  on  the  east  or 
west  point,  is  a  key  to  the  value  of  the  deviation  cawed  by  the 
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force  in  the  fore-and-aft  line,  on  every  point  of  the  compos*. 
Similarly,  the  value  of  the  semicircular  deviation,  on  the  north  or 
touth  point,  is  a  key  to  the  value  of  the  deviation  caused  by  the 
force  in  the  thwartship  line,  on  every  point  of  the  compass.  As 
the  deviation  on  any  point  is  made  up  of  that  caused  by  the  forces 
in  these  two  directions,  added  to  that  caused  by  the  variable 
force,  it  is  evident,  that  if  the  latter  be  known  (No.  252),  and  the 
semicircular  deviation  be  ascertained  on  two  adjacent  cardinal 
points,  the  deviation  table  can  be  completed. 

When  the  semicircular  deviation  is  small,  the  following  tab1* 
will  be  useful  for  that  purpose : — 


8em1ofroolar 
dotation  on 

8«niclroular  dertatlon  oamed  by  ths  Mune  faros,  on  «aeh  point, 

reckoned  right  and  left  from  that  cardinal  point,  through 

the  adjacent  quadrant* 

point 

in 

Snd 

trd 

4th 

tth 

•th 

Tth 

8th 

• 
1 
* 

3 

4 
5 
6 

7 
8 

9 
xo 

o    t 

0  59 
i  58 
*  57 

3  55 

4  54 

I53 
6  52 

1  5I 
8  50 

948 

0    t 
0  55 

2  46 

3  42 

4  37 

III 

7  24 

8  19 

9  14 

•    t 

0  50 

1  40 

2  30 

3  20 
49 

4  59 

I49 

6  39 

7  29 

8  19 

•    1 
O  42 

i  25 

2  7 

2  50 

3  32 

4  15 
4  57 

I39 

6  22 

7  4 

•   1 

0  33 
x  7 

1  40 

2  13 

2  47 

3  20 

3  53 

4  27 

5  00 
5  33 

0    t 
O  23 

0  46 

1  9 

1  32 

.3 

2  41 

3  4 
3  27 
3  50 

0    t 
0   12 
O  23 

0  35 
047 

0  59 
t  10 

1  22 
*  34 
1  45 
1  57 

0  i 
O  0 
O  O 
O  O 
O  O 
O  O 
0  0 
0  0 
0  0 
0  0 
0  0 

Example. — The  deviation  (table  251)  having  been  observed  to 
be  8°  0'  E.  on  the  south  point,  and  7°  10'  W.  on  the  west  point, 
what  is  the  deviation  on  the  N.W.  b  W.  point? 

The  semicircular  deviation  on  the  south  point,  allowing  for  the 
value  in  column  L,  must  be  4°  E.  It  is  therefore  4°  W.  on  the 
north  point,  and,  from  the  above  table,  2°  18'  W.  on  N.W.  b  W., 
five  points  from  north. 

The  semicircular  deviation  on  the  west  point  must  be  7°  5'  W., 
it  is  therefore  5°  58'  W.  on  N.W.  b  W.,  three  points  from  west. 
Therefore  the  whole  deviation  on  N.W.  b  W.  must  be 
2°  18'  W.  +  5°  58'  W.  +  4°  25'  W.  (the  value  in  col.  I.)  =  12°  81'  W. 

The  semicircular  deviation  being  the  same  in  amount,  with 
contrary  signs,  on  opposite  points,  the  deviation  on  S.E.  b  E.  is 
8°  6'  E.+40  25'  W.  =  8°  41'  E.  In  the  same  manner,  the  devia- 
tion on  every  point  of  the  compass  can  be  estimated. 

There  may  be  circumstances  where  it  would  be  convenient  to 
ascertain  the  position  of  the  correctors  necessary  to  apply  to  a 
compass,  by  measuring  hor.  force  (234).  The  most  simple  way 
of  looking  at  the  problem  is,  to  consider  a  ship  lying  with  her 
head  in  any  known  magnetic  direction.  By  placing  a  horizontal 
magnet  at  right  angles  to  the  compass  needle,  and  so  keeping  it, 
the  needle  may  be  made  to  stand  in  the  direction  of  the  magnetic 
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meridian.  By  placing  another  horizontal  magnet  in  the  line  of 
the  magnetic  meridian,  the  force  with  which  the  needle  points 
may  be  made  equal  to  the  force  on  shore.  Thus,  all  the  forces 
due  to  the  ship's  magnetism,  may  be  counteracted  with  the  ship's 
head  in  the  one  direction.  But  when  the  ship's  head  is  moved 
round,  the  needle  will  move  away  from  the  magnetic  meridian, 
by  reason  of  the  change  in  the  variable  force.  When  the  head 
is  in  the  opposite  direction,  the  deviation  will  be  nearly  equal  to 
twice  that  caused  by  the  variable  force,  and  the  needle  will  point 
with  a  force  which  will  differ  from  the  horizontal  force  on-  shore, 
by  twice  the  value  of  the  component  of  the  variable  force  in  the 
direction  of  the  needle,  nearly. 

Therefore,  to  counteract  the  force  which  causes  the  semi- 
circular deviation,  the  distance  of  the  magnets  from  the  card 
must  be  so  adjusted,  that  the  needle  points  with  the  mean  value 
of  the  force  found  with  the  ship's  head  in  the  two  directions, 
and  with  half  the  deviation  found  in  the  second  position. 

Another  way  of  dealing  with  the  problem  is  suggested  by 
considering  the  following  facts.  If  the  force  with  which  the 
needle  points  is  the  same  when  the  ship's  head  is  east  and  west, 
there  can  be  no  constant  force  in  the  athwartship  line.  If  it  is 
the  same  when  the  ship's  head  is  north  and  south,  there  can  be 
no  constant  force  in  the  fore-and-aft  line.  Therefore,  when  these 
conditions  are  fulfilled,  there  can  be  no  semicircular  deviation. 
Further,  if  the  force  is  the  same  on  the  four  cardinal  points,  there 
can  be  no  quadrantal  deviation. 

Working  by  force  is  a  more  delicate  operation  than  working 
by  bearings,  and,  under  the  circumstances  in  which  the  seaman 
has  generally  to  work,  is  scarcely  capable  of  the  same  degree  of 
accuracy.  If  advantage  be  taken  of  the  known  direction  of  docks, 
wharves,  transit  and  other  lines,  there  will  be  few  occasions  where 
it  will  be  necessary  to  have  recourse  to  measuring  force.  But 
with  the  two  methods  available,  there  should  be  no  detention  of 
ships  in  port  for  the  purpose  of  compass  adjustment. 

256.  Hitherto  the  effects  of  the  vertical  component  of  the  ship's 
forces  have  not  been  considered,  because  a  vertical  force  cannot 
deflect  the  compass-needle,  right  or  left.  But  when  a  ship  heels, 
a  force  previously  vertical  may  be  no  longer  so,  and  the  position 
of  the  iron  about  a  compass  may  be  so  changed,  as  to  introduce  a 
new  magnetic  force.  The  deviation,  caused  by  this  change  in  a 
ship's  magnetic  forces,  is  called  the  Heeling  Error.  To  estimate 
or  correct  the  heeling  error  with  theoretical  accuracy  is  not  an 
easy  problem ;  especially  in  certain  positions  in  a  ship,  and  with 
the  semicircular  deviation  uncorrected.  The  following  remarks 
must  be  considered  as  applying  to  a  compass,  in  such  a  position 
as  is  usually  selected  for  a  standard  compass,  and  having  the 
semicircular  deviation  corrected.  At  a  compass  so  situated,  there 
will  be  a  force  upwards  or  downwards  in  the  ship,  caused  by  per- 
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manent  magnetism.  The  value  of  this  force  will  depend,  mainly, 
upon  the  direction  in  which  the  ship  was  built,  and  the  position 
of  the  compass  in  the  fore-and-aft  line.  It  may  be  counteracted 
by  a  magnet  placed  end  on  (239),  and  vertically  below  the  centre 
of  the  compass.  If  it  is  not  counteracted,  it  will,  by  coming  partly 
on  one  side  when  the  ship  heels,  draw  the  north  point  of  the 
compass  to  one  side  or  the  other. 

There  will  also  be  a  force  upwards  or  downwards  in  the  ship, 
from  the  transient  magnetism  of  vertical  iron,  depending  for  its 
value  on  the  earth's  vertical  force,  of  which  it  is  a  constant 
fraction.  This  force,  in  north  magnetic  latitude,  is  that  of  a  nega- 
tive pole  under  the  compass,  changing  to  positive  in  south  magnetic 
latitude,  drawing  the  north  point  of  the  needle  to  the  high  side  of 
the  ship  in  the  former  case,  and  to  the  low  side  in  the  latter.  This 
force  evidently  should  not  be  counteracted  by  a  fixed  magnet,  but 
by  a  bar  of  soft  iron,  having,  in  north  magnetic  latitude,  negative 
magnetism  in  the  end  nearest  to,  and  above,  the  compass.  *05  of 
the  earth's  vertical  force  is  about  a  mean  value  of  the  vertical 
force  caused  by  induction  therefrom  ;  therefore,  in  correcting  the 
heeling  error  by  a  vertical  magnet,  the  vertical  force  of  the  earth 
and  ship  should  be  brought  to  about  1*05  of  the  earth's  vertical 
force,  wherever  the  ship  may  be. 

Sometimes  the  position  of  the  funnel,  or  an  iron  mast,  may  be 
such,  that  its  vertical  transient  magnetism  counteracts  that  of 
the  ship ;  this  will  probably  be  the  case  in  a  compass  in  such  a 
position  as  d  (247).  Or  it  may  be  counteracted  by  putting  the 
upper  end  of  the  Flinders  bar,  where  one  is  U3ed,  above  the  level 
of  the  compass. 

Looking  at  the  magnetic  condition  of  athwartship  iron,  such 
as  beams,  passing  under  the  compass,  when,  from  the  ship  heeling, 
it  departs  from  the  horizontal  position,  it  is  evident  that  the 
higher  ends  will  have  negative  magnetism,  drawing  the  north 
point  of  the  compass-needle  to  the  high  side  of  the  ship  in  north 
magnetic  latitude.  The  reverse  of  this  takes  place  in  south 
magnetic  latitude,  therefore  this  force  should  not  be  counteracted 
by  a  fixed  magnet. 

If  a  soft  iron  bar  were  placed  horizontally  athwartship,  on 
each  side  of  the  compass,  the  magnetism  induced  therein  would, 
if  they  were  of  suitable  size  and  distance  from  the  compass 
needle,  exactly  counteract  the  magnetism  induced  in  the  athwart- 
ship iron  of  the  ship.  This  condition  is  nearly  fulfilled  by  soft 
iron  so  placed  as  to  correct  the  quadrantal  deviation,  so  that  no 
separate  corrector  is  required  for  this  part  of  the  heeling  error. 

Because  the  transient  magnetism  of  horizontal  fore-and-aft 
iron,  below  the  compass,  causes  a  vertical  force  which  is  zero 
when  the  ship's  head  is  east  or  west,  it  is  desirable  to  correct  the 
heeling  error  when,  the  ship's  head  is  nearly  on  those  points* 
Then,  if  the  quadrantal  deviation  it  corrected,  and  the  vertical 
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force  brought  by  a  magnet  to  the  same  value  as,  or  a  little  more 
than,  the  vertical  force  on  shore,  the  heeling  error  -will  be  practi- 
cally corrected. 

The  forces  which  cause  the  heeling  error,  by  drawing  the 
north  end  of  the  needle  to  one  side  or  the  other,  must  have  their 
maximum  effect  when  the  ship's  head  is  north  or  south.  When 
the  ship  is  rolling,  the  north  end  of  the  needle  being  drawn  to 
each  side  alternately,  causes  the  card  to  be  unsteady.  This  dis- 
turbance of  the  compass-card  has  probably  been  more  trouble 
to  the  navigator,  than  the  error  produced  by  heel. 

Thus,  in  dealing  with  compass  deviation,  there  are  two 
distinct  problems :  one,  to  ascertain  its  amount ;  the  other,  to  get 
rid  of  it  altogether.  At  first  sight,  one  or  the  other  of  these 
processes  appears  unnecessary,  and  in  the  early  days  of  iron  ships 
some  thought  that,  with  a  table  of  deviation,  there  was  no  need 
for  correctors ;  others  that,  if  the  compass  were  corrected,  there 
was  no  need  for  a  table  of  deviation.  Experience  has  long  since 
shown  that  neither  of  these  views  was  correct.  Many  iron  ships 
could  not  be  navigated  unless  the  compass  was,  at  least,  partly 
corrected.  On  the  other  hand,  though  compasses  are  frequently 
so  well  adjusted  as  to  be  without  deviation,  there  are  small 
changes  subsequently  which  cannot  be  safely  disregarded,  render- 
ing a  deviation  table  necessary. 

Changes  which  are  gradual  can  be  met  by  the  ordinary  daily 
observations,  which  should  never  be  omitted ;  but  there  are  some 
changes  which  are  sudden,  against  which  the  seaman  must  be  on 
his  guard.  If  a  ship  has  been  steering  for  some  time  on  one 
course,  she  will  acquire  negative  magnetism  in  the  part  of  the 
ship  towards  the  south.  On  first  altering  course,  the  north  point 
of  the  compass  is  likely  to  be  drawn,  for  a  short  time,  towards 
that  part  of  the  ship  which  was  previously  south.  This  is  espe- 
cially the  case  in  changing  from  courses  near  east  or  west  to 
those  near  north  or  south.  Of  course,  the  same  effects  follow 
when  a  ship  has  been  some  time. in  dock. 

Thin  iron  structures,  such  as  funnels,  funnel  casing,  or  venti- 
lating cowls,  are  liable  to  change  their  magnetic  state  from  strains 
or  concussion,  and  so  affect  the  deviation  of  a  compass  placed  near. 
Any  shock  or  strain  which  causes  iron  to  vibrate  or  bend,  and  so 
cause  movement  in  its  particles,  facilitates  magnetic  change. 

With  the  introduction  of  electric  lighting  on  board  ship, 
came  a  new  form  of  compass  disturbance.  The  magnetism  of 
the  large  electro-magnets,  in  the  dynamos  at  present  used,  may 
disturb  a  compass  at  the  distance  of  sixty  feet.  Also,  circling 
round  the  wires  conducting  electricity,  and  at  right  angles  to 
their  direction,  is  a  magnetic  force,  going  in  one  direction  round 
the  wire  conducting  the  direct  current,  and  in  the  opposite 
direction  round  the  wire  conducting  the  return  current.  Thus 
these  forces  counteract  each  other  when  the  conducting  wires 
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uie  together,  but  when  they  are  separated  <*ause  a  proportional 
disturbance  to  the  compass. 

The  maximum  value  of  this  disturbance,  for  any  speed  of  the 
dynamo,  is  apparent  directly  the  dynamo  is  started  at  that  speed. 
So,  by  starting  and  stopping  the  dynamo,  with  the  ship's  bead  on 
two  adjacent  cardinal  points,  and  noting  the  effects,  the  value  of 
the  disturbance  on  every  point  of  the  compass  can  be  ascertained. 
Table  255  will  be  useful  for  this  purpose. 

257.  A  method  of  measuring  the  effects  of  a  ship's  magnetic 
forces,  in  causing  deviation,  was  introduced  by  the  late  Mr. 
Archibald  Smith.  He  found  that  the  deviation  could  be  expressed, 
as  in  the  following  equation  x — 

Demrtan  with  .hip's  h«d   «l  .A  +  B.dn  f -*0.«oi  f +  D.sta  If  ♦B.sotl  f. 
*dj  point        ••••> 

The  factors  A,  B,  C,  D,  E,  are  called  coefficients,  and  f  is  the 
direction  of  the  ship's  head  by  compass,  reckoned  round  the  circle 
to  the  right.  Therefore,  in  dealing  with  the  equation,  the  sea- 
man,  who  generally  has  to  deal  only  with  angles  not  greater  than 
a  right  angle,  must  consider  the  sign  of  the  direction  of  the  head, 
as  well  as  that  of  the  coefficient,  in  each  term. 

A,  the  first  term  in  the  expression,  is  the  value  of  the  con* 
stant  deviation  (250).  It  may  be  found  by  taking  the  sum  of  the 
deviation  on  the  four  cardinal  points,  and  dividing  it  by  four. 

B  is  the  maximum  value  of  the  deviation  caused  by  the  force 
in  the  fore-and-aft  line  (253).  It  is  +  when  the  force  is  towards 
the  ship's  head,  and  —  when  towards  the  stern.  It  may  be  found 
by  adding  to  the  deviation  on  the  east  point,  the  deviation  on  the 
west  point  with  its  sign  changed,  and  taking  half  that  sum.  Any 
constant  force  in  the  fore-and-aft  line,  which  causes  this  devia- 
tion, must  cause  a  deviation =8. sin  £",  the  second  term  of  the 
expression,  on  every  point  of  the  compass. 

0  is  the  maximum  value  of  the  deviation  caused  by  the  force 
in  the  athwartship  line  (253).  It  is  +  when  the  force  is  towards 
the  ship's  starboard  side,  and  —  when  towards  the  port  side.  It 
may  be  found  by  adding  to  the  deviation  on  the  north  point,  the 
deviation  on  the  south  point  with  its  sign  changed,  and  taking 
half  that  sum.  Any  constant  force  in  the  athwartship  line,  which 
causes  this  deviation,  must  cause  a  deviation  =  C .  cos  £',  the  third 
terra  in  the  expression,  on  every  point  of  the  compass. 

D  is  the  mean  value  of  the  deviation  on  the  inter-cardinal 
points,  caused  by  the  variable  force  (249).  It  may  be  found  by 
adding  to  the  deviation  on  the  N.E.  and  S.W.  points,  the  devia- 
tion on  the  S.E.  and  N.W.  points  with  the  sign  changed,  and 
taking  the  fourth  part  of  that  sum.  A  force  varying  regularly, 
and  causing  this  deviation,  must  cause  a  deviation  =  D  •  sin  2  f, 
the  fourth  term  of  the  expression,  on  every  point  of  the  compass. 

£  is  the  mean  value  of  the  deviation  on  the  cardinal  points, 
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caused  b)f  the  variable  force  (249).  It  may  be  found  by  adding 
to  the  deviation  on  the  north  and  south  points,  the  deviation  on 
the  east  and  west  points  with  the  sign  changed,  and  taking  the 
fourth  part  of  that  sum.  A  force  varying  regularly,  and  causing 
this  deviation,  must  cause  a  deviation=E .  cos  2  J",  the  fifth  term 
of  the  expression,  on  every  point  of  the  compass.  The  existence 
of  the  E  shows  that  the  axes  are  oblique  (249). 

■  It  is  obvious  that  the  foregoing  statement  of  the  effect  of  the 
forces  in  causing  deviation  is  true  only  when  each  force  is  the 
only  disturbing  force  on  the  needle ;  it  is  true  enough  when  those 
forces  are  small:  in  that  case  the  resulting  deviation  is  also 
small,  and  the  sum  of  the  five  terms  is  equal  thereto ;  when  the 
deviation  is  large,  the  coefficients  must  be  determined  with  more 
exactness.  With  such  deviations  as  are  usually  found,  since  the 
general  adoption  of  compass  adjustment,  the  method  here  given 
is  sufficiently  exact. 

The  student  must  not  consider  the  coefficients  as  forces,  or  as 
in  any  way  causing  the  deviation ;  they  merely  measure  it,  with 
more  or  less  exactness.  And  by  their  means  the  parts  of  the 
deviation  can  be  particularised,  in  speaking  and  in  writing,  and 
a  record  of  its  value  kept  in  five  terms,  of  which  two  are  generally 
zero.  Excepting  for  this  purpose,  the  treatment  of  the  subject 
by  coefficients,  especially  laborious  methods  of  determining  their 
exact  values,  and  of  deriving  the  ship's  magnetic  forces  there- 
from, has  never  been  greatly  esteemed  by  navigators. 

258.  Professor  Airy  made  use  of  the  terms  Bed  and  Blue,  to 
indicate  the  two  kinds  or  states  of  magnetism,  of  the  north  and 
south  ends  of  the  compass  needle  respectively.  These  terms  have 
been  of  great  use,  especially  in  making  clear,  by  coloured  diagrams, 
the  distribution  of  magnetism  in  iron  ships.  The  terms  positive 
and  negative  have  been  used  in  this  chapter,  being  in  accord  with 
the  terms  used  in  the  kindred  science  of  electricity,  which  is  daily 
becoming  of  more  importance  to  seamen.* 

The  subject  of  compass  deviation  and  adjustment  was  tho- 
roughly investigated  by  a  body  of  scientific  men,  shipowners, 
and  others,  interested  in  the  subject,  called  the  Liverpool  Compass 
Committee.  The  results  of  their  labours  were  published,  in 
language  intelligible  to  seamen,  in  three  most  valuable  reports  to 
the  Board  of  Trade,  1856,  1857,  1861. 

*  Professor  (now  Sir)  George  Biddell  Airy,  K.C.B.,  has  lived  to  see  his  accurate  and 
thoroughly  practical  method  of  adjustiog  compasses,  devised  half  a  century  ago,  oyer- 
some  all  opposition,  and  be  now,  and  for  many  years  past,  universally  adopted.  He  has 
in  other  ways  furthered  the  science  of  navigation,  hut  in  facilitating  the  navigation  of 
iron  ships  he  is  pre-eminent 
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The  f  Mowing  Notes  are  the  result  of  recent  theory  and  experience. 

The  numbers  refer  to  Articles  in  the  jrreserib  edition. 

• 

Art.  215.  The  method  of  suspension  by  india-rubber  has  been 
discontinued,  owing  to  its  rapid  deterioration  when  exposed  to  heat 
and  wet. 

216.  In  Lord  Kelvin's  (Thomson)  compasses  the  outer  graduation 
of  the  numerals  is  inverted  in  the  Navigational  or  Standard  Compass 
to  enable  the  card  to  be  read  direct  with  the  azimuth  mirror.  The 
average  period  of  a  Thomson's  card  varies  from  thirty  seconds  for  a 
ten-inch  card  to  thirteen  and  a  half  seconds  for  a  four-inch  one. 

219.  The  Variation  at  Greenwich  was  (1899)  16°  34' westerly,  de- 
creasing 7'  annually. 

220.  The  simultaneous  appearance  of  auroras  and  disturbances 
of  the  magnetic  needle  (magnetic  storms)  are  manifestations  of  the 
same  cause.  The  late  Father  Secchi  held  that  thunderstorms  exer- 
cised a  perceptible  influence  on  the  magnetic  needle.  The  disturbing 
element  of  land  on  the  compass  needle  is  recognised  to  be  submarine. 
Theory  confirmed  by  experience  show  that  if  the  rocks  are  the  upper 
extremities  of  a  ridge  in  north  magnetic  latitudes  they  would  attract 
and  in  southern  repel,  the  red  (paragraph  239)  end  of  a  compass 
needle. 

223.  The  prefix  correct  to  true,  magnetic  and  compass  courses  is 
being  discontinued,  a  true  course  is  a  compass  one  corrected  for  varia- 
tion and  deviation  ;  a  magnetic  course,  the  same  corrected  for  devia- 
tion, and  a  compass  course,  one  uncorrected  for  variation  and  deviation. 

232.  The  Dip  of  the  needle  at  Greenwich  was  (1899)  67°  10',  de- 
creasing V'7  annually. 

237.  The  expression, "  magnetism  by  induction  from  the  earth  "  is 
seldom  used  ;  the  magnetism  of  both  earth  and  soft  iron  are  produced 
by  the  same  lines  of  magnetic  force. 

239.  To  avoid  ambiguity,  the  pole  of  a  magnet  that  attracts  the 
north-seeking  end  of  the  needle  is  called  blue  and  the  repelling  one 
red,  bearing  in  mind  the  pole  in  the  north  end  of  a  compass  needle  is 
a  true  south  pole,  and  that  in  the  south  end  of  a  compass  needle  is  a 
true  north  pole. 

244.  Read  paragraph  at  237.  Gaussin  error  is  often  developed 
by  magnetic  induction  in  a  ship's  iron  beams,  more  especially  when 
proceeding  east  and  west ;  in  fast  Atlantic  liners  a  Gaussin  error  of 
8°  to  10°  is  not  unusual  during  a  voyage  across  the  Atlantic. 

249.  A  compass  is  usually  corrected  in  the  following  order  :  the 
quadrantal  error,  the  heeling  error,  and  lastly  the  semi-circular  error. 

256.  In  merchant  vessels  arrangements  are  usually  made  to  place 
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the  navigational  compass  beyond  the  magnetic  field  of  the  dynamo, 
but  the  necessaiy  arrangements  in  a  man-of-war  may  prevent  this 
being  carried  out.  A  compass  if  within  the  magnetic  field  of  a 
dynamo  will  be  disturbed,  the  error  altering  with  change  of  azimuth.* 

In  the  general  type  of  dynamo  supplied  to  H.M.  ships,  designed 
for  80  volts  at  the  terminals,  the  minimum  distance  of  a  compass 
should  be  60  feet  from  a  300-amp£re  machine,  increased  to  70  feet 
from  a  400-ampere  one.  A  600-ampdre  machine  being  armour-clad 
and  multipolar  produces  no  disturbance  on  a  compass  15  feet  away. 
In  the  "  Destroyers  "  the  correction  is  made  by  an  electro-magnet  at 
the  foot  of  the  compass  pedestal,  with  its  poles  reversed  to  those  of  the 
dynamo ;  in  second  class  cruisers  (Apollo  class)  by  exciting  the 
shunt  coils  of  both  dynamos,  when  only  one  is  in  use,  the  resulting 
disturbances  are  neutralised,  provided  the  poles  of  the  dynamos  are 
symmetrical  to  the  middle  line. 

In  the  electric  lighting  of  a  compass,  the  current  is  usually  con- 
veyed to  a  16  c.p.  lamp  by  a  twin  cable,  protected  by  phosphor- 
bronze  braiding.  The  best  position  is  to  place  the  lamp  vertically 
above  the  axis  of  the  compass  needle ;  occasionally  a  disturbance  arises 
from  the  inductive  effect  due  to  the  current  in  the  filament  of  the 
lamp  itself. 

A  small  electric  light  (half-candle  power)  is  found  useful  for  star 
azimuths  at  night  or  if  fitted  to  a  sextant  for  stellar  observations. 

*  For  detailed  information  iee  The  Mariner's  Compcu$  in  an  Iron  Ship,  by  Captain 
J.  Whitly  Dixon,  B.N.,  fold  by  J.  1>.  Potter,  146  Minoriti,  LonUou,  B. 
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II.  Tiie  Loo  and  Glasses. 

1.  The  Log. 

259.  The  log  consists  of  the  log-ship  and  line.  The  log-ship 
is  a  thin  wooden  quadrant,  of  about  five  inches  radius ;  the  cir- 
cular edge  is  loaded  with  lead,  to  make  it  float  upright,  and  at 
each  end  is  a  hole.  The  inner  end  of  the  log-line  is  fastened  to  a 
reel,  the  other  is  rove  through  the  log-ship  and  knotted ;  and  a 
piece  of  about  eight  inches  of  the  same  line  is  spliced  into  it  at' 
this  distance  from  the  log-ship,  having  at  the  other  end  a  peg  of 
wood,  or  bone,  which,  when  the  log  is  hove,  is  pressed  firmly  into 
the  unoccupied  hole. 

At  ten  or  twelve  fathoms  from  the  log-ship  a  bit  of  buntin 
rag  is  placed,  to  mark  off  a  sufficient  quantity  of  line,  called  stray- 
line,  to  let  the  log  go  clear  of  the  ship  before  the  time  is  counted. 

260.  The  log-line  is  divided  into  equal  portions,  called  hiots, 
at  each  of  which  a  bit  of  string,  with  the  number  of  knots  upon 
it,  is  put  through  the  strands. 

The  length  of  a  knot  depends  on  the  number  of  seconds 
which  the  glasses  measure,  and  is  thus  determined : 

The  No.  of  feet  in  I  knot :  No.  of  feet  in  I  mile : :  No,  of  second*  of  the  glass  :  3600 
(the  No.  of  seconds  in  an  hour). 

The  nautical  mile  being  about  6080  feet,*  we  have,  for  the 
glass  of  30  seconds,  the  knot  =  ~^~  =  50-7  feet,    or  50  feet 

8  inches,  for  the  glass  of  28  seconds,  the  knot  =      ^     =  47*8 
inches,  or  47  feet  4  inches ;  and  so  for  any  other  glass. 

261.  The  knot  is  supposed  to  be  divided  into  eight  equal 
parts,  or  fathoms  (which  they  are  very  nearly).  In  the  Royal 
Navy  the  knot  is  divided  into  tenths  and  the  even  fathoms  only 
are  reckoned,  for  the  convenience  of  adding  up  the  distance  on 
the  log-boa rd.f 

262.  The  log-line  should  be  repeatedly  examined,  by  comparing 
each  knot  with  the  distance  between  the  nails,  which  are  (or  should 
be)  placed  on  the  deck  for  this  purpose,  at  the  proper  distance.  The 
line  should  be  wet  whenever  it  is  required  thus  to  remeasure  it,  or 
to  verify  the  marks. 

*  The  Geographical  Mile  is  generally  defined  to  be  the  length  of  a  minute  of  ve  Is 
lr.#  earth's  equator  ;  but  the  Nautical  Mile  as  defined  by  hydrographers  is  the  length  of 
a  minute  of  the  meridian,  and  is  slightly  different  for  every  different  latitude.  (Set 
Table  64a.)  It  is  equal  to  a  minute  of  arc  in  a  circle,  whose  radius  is  the  radius  of  the 
curvature  of  the  metidian,  at  the  latitude  of  the  place. 

t  It  is,  of  course,  more  systematic  to  divide  the  knot  or  mile  into  tenths,  as  in  the 
Traverse  TaMe,  instead  of  eighths ;  tout  single  tenths  and  fathoms  may  be  used  for  each 
othei  without  sensible  error. 
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263.  As  the  manner  of  heaving  the  log  must  be  learned  at  sea,  it 
is  only  necessary  to  remark,  for  reference,  that  the  line  is  to  be  faked 
in  the  hand,  not  coiled  ;  that  the  log-phip  is  to  be  thrown  out  well  to 
leeward  to  clear  the  eddies  near  the  wake,  and  in  such  a  manner  that 
it  may  enter  the  water  perpendicularly,  and  not  fall  flat  upon  it ;  and 
that  before  a  heavy  sea  the  line  should  be  paid  out  rapidly  when  the 
stern  is  rising,  but  when  the  stern  is  falling,  as  this  motion  slacks  the 
line,  the  reel  should  be  retarded. 

264.  (2)  Massey's  Log  shews  the  distance  actually  pone  by  the  ship 
through  the  water,  by  means  of  the  revolutions  of  a  fly  towed  astern, 
which  are  registered  on  a  dial-plate.  This  log  is  highly  approved  in 
practice.* 

265.  When  the  water  is  shoal,  and  the  set  of  the  tides  or  current 
much  affected  by  the  irregularity  of  the  channel,  or  other  causes ; 
and  when,  at  the  same  time,  either  the  ship  is  altogether  out  of  sight 
of  land,  or  the  shore  presents  no  distinct  objects  by  which  to  fix  her 
position,  recourse  may  be  had  to  the  ground  log.  This  is  a  small 
lead,  with  a  line  divided  like  the  log-line  ;  the  lead  remaining  fixed 
at  the  bottom,  the  line  exhibits  the  effect  of  the  combined  motion  of 
the  ship  through  the  water,  and  that  of  the  water  itself,  or  the  cur- 
rent ;  and  therefore  the  course  (by  compass)  and  distance  made  good 
are  obtained  at  once.f 

CavMon. — Logs,  whether  patent  or  common,  are  unsatisfactory 
instruments  in  these  days  of  high  speed.  No  patent  log  yet  in- 
vented will  stand  the  wear  and  tear  of  a  fast  ship  for  any  length  of 
time.  To  avoid  this  wear  and  tear  they  should  be  used  only  when 
coasting  or  in  with  the  land.  They  will  tell  a  different  story  in  a  head 
sea  to  what  they  do  in  a  following  sea.  In  slow  steamers  and 
sailing  ships  they  are  naturally  more  reliable.  Still,  logs  must  be 
used  ;  but  it  must  be  remembered  they  are  beset  with  impediments, 
and  their  indications  must  not  be  implicitly  trusted  in  critical 
times. 

By  practice,  seamen  learn  to  estimate  the  rate  of  progress  of  the 
ship  closely  by  the  number  of  revolutions  in  a  given  time  made  by 
the  engines ;  but  this  is  only  speed  through  the  water ;  the  sailor 
has  to  consider  carefully  what  that  unstable  element  has  also  been 
doing.  X 

Further,  though  ships  may  now  better  preserve  a  given  course, 
and  the  distance  run  may  be  estimated  more  accurately  than 
formerly,  there  are  in  modern  iron  ships  elements  of  uncertainty 
about  D.R.  which  still  makes  it  perilous  to  close  the  land  unless 
there  are  means  of  knowing  with  some  certainty  the  ship's  proximity 
thereto,  especially  where  land  has  a  bad  reputation,  as  Ushant,  C. 
Finisterre,  C.  Guardafui,  Mocha  I.  in  South  America,  &c. 

*  Other  logs  on  this  principle  have  since  been  invented  and  are  in  common  use : 
notably,  Walker's  taffrail  log.    They  should  be  veil  oiled,  and  stowed  away  clean. 

f  In  nomeroas  passages  up  and  down  the  river  Plate,  where  the  above  circumstances 
concur,  Captain  Gordon  T.  Falcon,  in  1818-19-20,  made  constant  use  of  this  log. 

I  See  Admiralty  Current  Charts,  Tide  Tables,  and  Sailing  Directions,  No*.  951,  952. 
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266.  (3,  The  Glasses.— The  long  glass  runs  out  in  30"  or  in  28§ ; 
the  short  glass  runs  out  in  half  the  time  of  the  long  one. 

When  the  ship  goes  more  than  five  knots,  the  short  glass  is  used, 
and  the  number  of  knots  shewn  is  doubled. 

267.  The  sand-glasses  should  frequently  be  examined  by  a 
seconds  watch,  as  in  damp  weather  they  are  often  retarded,  and 
sometimes  hang  altogether.  One  end  is  stopped  with  a  cork,  which 
is  taken  out  to  dry  the  Band,  or  to  change  its  quantity. 

268.  When  either  the  line  or  the  glass  is  faulty,  or  when  a  line 
and  glass  not  duly  proportioned  to  each  other  are  employed,  the 
distance  run  is  found  as  follows : — The  number  of  feet  in  lh  is  to 
the  number  of  feet  run  out  in  an  observed  number  of  seconds,  as 
3600  (seconds  in  an  hour)  are  to  the  observed  number  of  seconds. 

Ex.    Suppose  190  feet  of  line  are  run  out  in  22* :  required  the  rate. 

The  number  of  feet  ran  out  in   I* :  190  ::  3600* :  22*;  hence  the  number  of  feet 

_  '90x3000, 31090  feet;  which,  divided  by  6000  (ae  near  enough),  gives  5*2  mile* 
22 


CHAPTER  III. 
The  Sailings. 


I.    Plane    Sailing,    with    Traverse,    Current,    and   Windward 
Sailings.      II.   Parallel    Sailing,   with   Middle    Latitude, 

AND  MeRCATOR'8  SAILINGS.      III.   GREAT  CIRCLE  SAILING. 

269.  In  considering  the  place  of  a  ship  at  sea,  with  reference  to 
any  other  place  which  she  has  left,  or  to  which  she  is  bound,  these 
five  things  are  involved :  the  Course,  Distance,  Difference  of  Lati- 
tude, Departure,  and  Difference  of  Longitude. 

270.  In  practice  these  two  general  questions  occur.  * 

1st.  The  course  and  distance  from  one  place  in  given  latitude 
and  longitude  to  another  are  given,  and  it  is  required  to  find  the 
latitude  and  longitude  of  the  other  place. 

2d.  The  latitudes  and  longitudes  of  two  places  are  given,  and  it 
is  required  to  find  the  course  and  distance  from  one  to  the  other. 

The  methods  of  solution,  that  is,  the  rules  of  calculation,  by 
which  the  answers  to  such  questions  are  obtained,  are  commonly 
termed  Sailings. 

I.  Plane  Sailing. 

271.  In  Plane  Sailing,  as  the  term  implies,  the  path  of  the  ship 
is  supposed  to  be  described  on  a  plane  surface. 

If  the  ship  sails  1  mile  on  a  given  course,  she  makes  a  certain 
T).  kit.  and  Dep. ;  in  sailing  a  second  mile,  on  the  same  course,  she 
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ffink<»«  good  the  saute  D.  lat.  and  Dep.  as  before.  Thus  the  D.  lat. 
and  Dep.  for  2  miles  of  Dist.  are  twice  those  for  1  mile ;  for  3  miles 
of  Dist.  they  are  three  times  those  for  1  mile,  and  so  on ;  that  is,  the 
total  D.  lat  and  Dep.  made  good  are  proportional  to  the  Dist.  on 
the  sphere  as  they  would  be  on  a  plane.  Plane  Sailing,  accordingly, 
treats  of  the  relations  of  the  Course,  Dist.,  D.  lat.,  and  Dep.,  and 
applies  to  right-angled  triangles  generally. 

But  eiich  mile  of  Dep.  which  the  ship  makes  good  corresponds 
to  a  Diff.  of  Long,  which  is  different  according  to  the  latitude  in 
which  the  ship  moves  (Note,  p.  68),  that  is,  there  is  no  constant  pro- 
portion between  the  Dep.  and  Diff.  Long;,  in  two  different  lati- 
tudes, and  therefore  a  question  in  which  Diff.  Long,  is  concerned  is 
not  within  the  province  of  Plane  Sailing,  except  the  case  in  which 
the  ship  is  on  or  near  the  equator,  where  Dep.  and  D.  Long,  are  the 
same  thing. 

272.  (1.)  The  proportions,  No.  162,  p.  46,  as  adapted  to  the  figures, 
No.  200,  p.  59  (or  to  the  third  figure  of  No.  163,  where  the  course 
is  the  angle  ABC),  give  the  proportions  or  canons,  as  they  are  called, 
of  Plane  Sailing.     We  employ  the  following : 

Dist.  ;  Dep.       ::  rad.  (-1)  :  riii.  Co.,  whence,  Dep.       -Diet,     x  gin.  Co.      (1.) 

Diet.  :  D.  Lit.  ::  i    :  cos.  Co.,  D.  Let.  -  Diet.      xcos.  Co.      (2.) 

D.  Let.  :  Dep.       ::  i    :  ten.  Co.,  Dep.       -D.Utx  tan.  Co.      (3.) 

•*»**•  co-  -ires:  <«•> 

D.  Le».  .  Diet.  i   :  »ec  Co.,  Diet.       -  D.  Lat  xsec.  Co.      (*.) 

(x.)  These  equations  put  into  logarithms  by  the  rules  Nos.  64  and 
65,  p.  20,  become 

Log.  Dep.  —  log.  Diet.         -flog.  sin.  Co.  —  io  (1.) 

Log.  D.  Lat.  -  log.  Dist.         +  log.  cos.  Co.  -  io  (2.) 

Log.  Dep.  —  log.  D.  Lat.     +  log.  tan.  Co.  —  io  (5.) 

Log.  tan.  Co.  -  log.  Dep.  +  io  -  log.  D.  Lat.  (4.) 

Log.  Dist.  —  log.  D.  Lat      +log.  sec.  Co.— io  (5.) 

Log.  sec  Co.  -  log.  Dist  ♦  io  -log.  D.  Lat  (6.) 

Which  logarithmic  equations  contain  the  rules  employed. 
On  ordinary  occasions  four  places  are  enough. 

Case  I.  Given  the  course  and  distance,  to  find  the  difference  of 
latitude  and  departure. 

Ex.  1.  A  ship  sails  N.W.  by  N.  03  miles  from  lat.  49°  30'  N. ;  find  the  D.  Lat.  and 
Dep.  and  also  the  Lat  in. 

278.  By  Inspection.  Open  Table  2  at  3  Points,*  and  against 
the  Dist.  108  stand  D.  Lat.  856  and  Dep.  57-2. 

Then  85-6  or  1°  25'-6  added  to  49°  30'  gives  Lat.  in  60°  55'-6  N. 

*  Whenever  the  course  i*  given  in  points  or  divisions  of  a  point,  ii  must  be  tamed 
into  Uvgrces  (213)  before  entering  Traverse  Table  I. 
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274.  By  Computation.  (1.)  For  the  D.  Lat.  To  the  log.  cos.  ot 
die  Course  (Table  68)  add  the  log.  of  the  Dist.  (Tabl*  64) •  the 
nun  (rejecting  10  from  the  index)  is  the  log.  of  the  D.  Lat. 

(2.)  For  the  Dep.  To  the  log.  sine  of  the  Course  add  the  log.  of 
the  Dist. ;  the  sum  (rejecting  10)  is  the  leg.  of  the  Dep. 


Ex.  abore.    Coarse  3  points,  Dist.  103. 

3  points,  or  330  45'  log.  cos-  9*9198 
Dist.  103  log,  1*0128 

D.  Lat.      85*6  log.  1*9326 

(This  is  the  Canon  (a.)  in  No.  272.) 


Course    33°  45 

Dist.  103 

Dip.  57  •» 


log.  tin.  9*744/ 
log.  2*0128 

log. 


»*757S 
(This  is  the  Canou  (1.)  in  No.  272  ) 


275.  By  Construction.  Draw  a  line  C  N 
towards  the  north  for  the  meridian.  From  the 
centre  C,  with  the  chord  of  00°  as  radius,  de- 
scribe ai  arc  on  the  west  side  of  C N,  and  lay 
off  the  chord  of  three  points,  or  33°j  to  a 
(No.  107).  Through  a  draw  Ca,  this  gives  the 
angle  N  C  a  equal  to  the  Course,  or  three  points ; 
lay  off  from  a  scale  of  equal  parts  C  A  equal  to 
the  Dist.  103;  draw  AB  perpendicular  to  C  N, 
then  C  B  will  shew  on  the  same  scale  the  D.  Lat. 
85*6,  and  A  B  the  Dep.  572. 

Ex.  2      A  ship  sail*  S.  720  W.  216  miles  from  lat.  140  11'  N.  t  required  the  D.  Lat.  and 
Drp.,  and  also  the  Lat.  in. 

By  Inspection.    The  Course  720  and  Dist.  216  give  D.  Lat.  66*7  and  Dsr.  205*4* 
Then  66*7,  or  i°  6'-jt  subtracted  from  140  1 1'  N.  leaves  Lat.  in  130  4'- 3  N. 


By  Computation* 

Course    720 
Dist.     216 
D.  Lat.  66-7 


log.  cos.  9*4900 
log-  »'334S 
log.  1-8245 


Course  720 

log.  sua.  9*9782 

Dist.    216 

fcg-  *'3345 

Dk*.  205*4 

log.  2*3127 

By  Construction.  Draw  a  line  CS  to  the  southward 
for  the  meridian.  Br  the  chord  of  6o°  lay  off  the  arc  72° 
to  the  westward,  and  draw  C  A  equal  to  216 ;  draw  A  B 
perpendicular  to  C  S,  then  C  B  is  the  D.  Lat.  66*7,  and  A  B 
the  Dep.  205-4. 


These  two  examples  of  construction  are  sufficient  for  all  varieties 
of  Case  1.  When  the  course  is  to  the  eastward,  C  A  is  drawn  on  the 
right  side  of  the  meridian  C  N  or  C  S  instead  of  the  left  side. 

Case  II.  Given  the  course  and  difference  of  latitude,  to  find  the 
distance  and  the  departure. 

Ex.  I.     A  ship  sailing  W.S.W.  makes  47  miles  D.  Lat. :  find  the  Dist  run  and  the  Dep. 

276.  By  Inspection.  "Enter  Table  1  with  the  Course  6  points  • 
look  in  the  D.  Lat.  column  for  47 ;  the  nearest  to  47  is  47*1,  against 
which  stand  the  Dist.  123  and  Dep.  113*6. 
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The  L/it.  of  the  ship  is,  from  the  nature  of  the  esse,  already 

given. 

277.  By  Computation.  (1.)  For  the  Dist.  To  the  log.  sec.  of 
the  Course  add  the  Jog.  of  the  D.  Lat. ;  the  sum  (rejecting  10)  is  th6 
log.  of  the  Dist. 

(2.)  For  the  Dep.  To  the  log.  tan.  of  the  Course  add  the  log.  of 
the  D.  Lat. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Dep. 


6  points,  or  670  30'       log.  mc  0*4172 
D.  Lat.       47  log.  1*67*1 

Dist.  122*8  log.  2*0893 

(This  is  the  Canon  (5.)  in  No.  272.) 


Course  670  30'  log.  tan.  0*3828 

D.  Lat        47  log.  1*6721 

Drzr.  113*5  log.  2*0549 

(This  is  the  Canon  (3.)  in  No.  272.) 


278.  By  Construction.  Draw  the 
meridian  line  CS;  lay  off  the  course, 
or  angle  SCA,  6  points  (No.  107); 
from  C  lay  off  C  B  the  D.  Lat.  47 ; 
draw  BA  perpendicular  to  CS,  then 
C  A  is  the  Dist.  and  A  B  the  Dep. 

This  example  will  suffice  for  all 
rarieties  of  Case  II.  When  the  course 
is  to  the  northward,  C  N  is  drawn  up- 
wards instead  of  C  8  downwards  ;  and 
when  the  course  is  to  the  eastward, 
C  A  is  to  be  drawn  011  the  right  side  of  the  meridian  instead  of  the 
left  side. 

Ex.  2.    A  ship  sails  N.  540  E.  and  makes  1 19  miles  D.  Lat :  required  the  Distance  ion 
tnd  the  Departure. 

Bjf  Inspection.    Coarse  54°  in  Table  1,  and  D.  Lat  1 19*3,  give  the  Dist.  203  and  Dep. 
164*2,  nearly  enough  in  practice. 

Case  III.  Given  the  difference  of  latitude  and  departure,  to  find 
the  course  and  distance. 

Ex.     A  ship  makes  91  miles  northing  and  34*7  Dep.  (easting)  :   find  her  Course  and 
Distance. 

279.  By  Inspection.  Look  in  Table  1  for  91  in  the  D.  Lat.  co- 
lumn, and  34*7  in  the  Dep.  column ;  the  nearest  are  90*6  and  34*8, 
which  give  the  Course  21Q  (N.  21°  E.  in  this  example)  and  Dist. 
97  miles. 

280.  By  Computation.  (1.)  For  the  Course.  From  the  log.  of 
the  Dep.  (adding  10  to  its  index  if  necessarj)  subtract  the  log.  of  the 
D.  Lat. ;  the  remainder  is  the  log.  tan  of  tnc  Course. 

(2.)  For  the  Dist.  Find  the  Course;  then  to  the  log.  sec.  of  the 
Course  add  the  log.  of  the  D.  Lat. ;  the  sum  it  the  log.  of  the  Dist. 

Ei.    Dep.  34*7               log.  1*5403  |  Coarse  »o°  51'         log.  sec.  0*0295 

D.  Lat  91              log.  1*9590  I  D.  Lat.       91                 log.  1*9590 

Covrj-b  ao°  5*'         log  tan.  9*5813  I  Dist.  97*4                  log.  1*9885 

(This  is  the  Canon  '4.)  No.  272.)  '  'This  is  the  fsnon  '5.)  No.  272.) 
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281.  By  Construction.      Draw   the   meridian   CN.  n 
Take  CB,  the  D.  Lat.  91,  and  through  B  draw  Ba 
perpendicular  to  C  N,  and  equal  to  34*7;  join  C  A ;  then   B 
BC  A,  the  Course,  measures  21°  (No.  106,  2),  and  C  A, 
the  Dist.  measures  98. 

This  example  will  suffice  for  all  varieties  of  the  case. 

Case  IV.     Given  the  distance  run  and  the  difference 
of  latitude,  to  find  the  course  and  departure. 

Ex.     A  ship  sail*  101  miles  between  south  and  east,  and  makes  52  miles  D.  Lat :  §mi 
the  Course  and  Dep. 

282.  By  Inspection.  In  Table  1,  101  in  the  Dist.  column,  and 
52  in  the  D.  Lat.  column,  occur  over  Course  59°  (S.  59°  E.  in  this 
example),  and  against  the  Dep.  860. 

283.  By  Comjmtation.  (I.)  For  the  Course.  From  the  log.  of 
the  Dist.  subtract  the  log.  of  the  D.  Lat. ;  the  remainder  is  the  log. 
sec.  of  the  Course. 

(2.)  For  the  Dep.  Find  the  Course;  then  to  the  loar.  sine  of  the 
Course  add  the  log.  of  the  Dist. ;  the  sum  is  the  log  of  the  Dep. 


Ex.    Dbt  101 
D.  Lat.  5a 

Codes*  590  1 


s_ 

log.  sec.  0*2883 


2-0043 
1*7160 


(This  is  the  Canon  (6.)  No.  272.) 


Course  59°!' 
Dist.    101 


log.  sin.  9*9331 
log.  2*0043 

Dbp.  86*6  log.  1*9374 

(This  U  the  Canon  (1.)  No.  272.) 


284.  By  Construction.  Draw  the 
meridian  C  S.  Take  C  B,  the  D.  Lat. 
52,  and  through  B  draw  B  A  perpen- 
dicular to  C  S.  From  C  as  centre,  with 
the  Dist.  101  as  radius,  describe  an  arc 
cutting  B  A  in  A ;  then  the  Course, 
S  C  A,  measures  59°,  and  B  A,  the 
Dep.,  measures  866. 

This  one  example  of  construction 
will  be  sufficient. 


Rxmmplmfor  Exereim. 

Ki.  1.     A  ship  sails  from  Flamborough  Head,  in  $4°  /  N.,  B.  by  N.  4  N.  264  miles :  re- 
quired her  Lat  in,  and  Dep. 

Ans.  D.  Lat.  76*6  N.,  Lat.  in,  55°  24*  N. ;  Dap.  252*6. 

Ei.  2«     A  ship  from  Lat.  49°  5/  N.  sails  S.W.  by  W.  244  miles :  required  her  Lat  in,  and 
Dep.  Ans.  Lat.  in  47  41'  N. ;  Dep.  202*9. 

Bi.  3.     A  ship  saiU  S  E  by  E.  from  Lat  i°  45'  N.,  until  she  arrives  in  Lat.  o°  31'  S. :  re- 
quired her  Dist  and  Dep.  Ans.  Dist.  244'S ;  Dep.  2035. 

£1.  4.     A  *hip  from  St.  Helena  in  Lat  150  55'  S.  sails  N.W.  |  W.  till  she  is  in  Lat  1 30  1'  8.t 
nod  the  distance  she  has  run,  and  the  Dep.  Ans.  Dist.  274*3 ♦  Dkp-  *>*• 

Its.  5.     A  ship  makes  135  miles  northing,  and  87*7  miles  of  Dep.  westing:  required  bet 
Course  and  Dist.  made  good.  Ana.  Coursk  N.  330  W. ;  Dist.  i6i  mile*. 
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Ex.  6.     A  ship  safli  %  10  miles  between  N.  and  E.,  and  makes  i6o'*9  D.  Lai  i  Ind  the  Courtc 
and  Dep.  An».  Course  N.  40°  E. ;  Dar.  135  miles. 

Ei.  7.     A  ship  sails  144  miles  between  S.  and  W.,  and  makes  136'  D.  Lat.  t  find  the 
Course  and  Dep.  Ans.  Course  S.  560  *  W.  1  Da*.  «o>-6 . 

1.   Resolution  of  one  Course  upon  another. 

285.  It  is  sometimes  required  to  restive  the  distance  run  upon  a 
given  course  into  the  distance  upon  a  proposed  course. 

Xx.    A  ship  is  making  good  S.  700  W.  5}  miles  an  hour :  at  what  rate  is  she  neariaf  s 
port  bearing  S.W.  > 

Draw  the  meridian,  A  8,  of  the  ship  at  A.  Lay  off  the  bearing 
of  the  port,  S.W.,  and  the  Course  S.  700  W.,  and  take  A  B  to  re- 
present the  rate  per  hoar  (or  for  a  smaller  interval),  as  54  knots. 
B  then  is  the  place  of  the  ship  at  the  end  of  this  interval. 

The  distance,  A  P  of  the  port,  being  very  great,  as  compared 
with  A  B,  a  circle  B  D,  described  from  P  as  a  centre,  is  nearly  a 
right  fine,  and  perp.  to  A  P,  and  cots  off  A  D,  the  dist  by  which 
the  ship  has  neared  P  in  an  hour.  Now  A  D  is  the  D.  Lat.  to  the 
Dist.  A B,  and  the  angle  BAD  as  Coarse.  BAD  eqaal  to 
-o°—  4.50,  or  2 50,  and  Dist  $4,  give  AD  equal  to  5  knots,  the 
rata  required,  and  A  D  is  A  B  resolved  in  the  direction  AP. 

When  the  number  of  degrees  between  the  given  and  proposed 
courses  exceeds  90,  the  ship  is  increasing  her  distance  from  the  port 
instead  of  closing  it. 

It  is  proper  to  observe,  that  the  change  in  the  distance  of  the 
port,  made  by  the  ship  when  not  steering  directly  for  it,  is  true  only 
for  its  present  bearing,  and  therefore  holds  only  for  a  short  time. 

2.  Traverse  Sailing. 

286.  This  is  a  variety  of  plane  sailing  in  which  the  ship  makes 
two  or  more  courses  in  succession. 

The  process  of  reducing  several  courses,  with  the  distances  run 
on  each,  to  the  single  course  and  distance  which  the  ship  would  have 
mac'e  good  if  she  had  sailed  at  once  from  the  place  she  first  left,  to 
the  place  at  which  she  last  arrived,  is  called  working  a  traverse. 

287.  To  work  a  Traverse.  (1.)  Draw  six  vertical  lines.  Head 
the  space  to  the  left  Courses,  the  first  column  Distances,  the  next 
two  columns  D.  Lat. ;  marking  the  first  N.  and  the  second  S. ;  head 
the  last  two  columns  Dep.,  marking  one  E.  and  the  other  W.  This 
forms  a  skeleton  Traverse  Table. 

(2.)  Set  down  the  Courses,  and  the  Distances  against  them,  in 
order ;  look  out  in  Table  1,  the  D.  Lat.  and  Dep.  to  each  Course 
and  Distance.  When  the  ship  makes  northing  (that  is,  when  the 
Course  has  an  N.  in  it),  set  the  D.  Lat.  in  the  N.  column,  other- 
wise in  the  S.  column.  When  the  ship  makes  easting  (that  is, 
when  the  Course  has  an  E.  in  it),  set  the  Dep.  in  the  E.  column, 
otherwise  in  the  W.  column. 

(3.)  Add  the  D.  Lats.  in  each  column  ;  write  the  lesser  of  the 
two  sums  under  the  greater,  and  take  their  difference.  Do  *he 
tame  with  the  Departures. 
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(4.)  Those  differences  are  the  D.  Lat.  and  Dep.  made  good  on 
the  whole,  and  each  takes  the  name  of  the  column  it  stands  in. 

The  course  and  distance  are  then  found  by  No.  279. 

It  may  be  advisable  for  a  beginner,  before  he  proceeds  to  take 
out  the  quantities  from  the  Traverse  Table,  to  write  a  dash  in  all 
places  not  to  be  occupied  by  a  D.  Lat.  or  a  Dep.,  in  order  to  avoid 
writing  a  quantity  in  the  wrong  column.  The  first  example  only  ia 
thus  marked,  because  such  helps  are  useless  to  an  expert  computer. 

Ex.     A  ship  sails  S.W.  by  S.  24  miles;  N.N.W.  57  miles ;  S.E  by  E.  |  E.  S4  miles  1 
•ad  South  35  miles :  find  the  Course  and  Distance  made  good. 


Courwt 

Dtst. 

D.  Lat. 

Dep. 

N. 

8. 

E.     |     W. 

S.W.  by  S. 

*4 

— 

zero 

— 

«3'3 

N.N.W. 

57 

52-7 

— 

— 

21'8 

S.E.  by  E.  4  E. 

«4 

— 

39-6 

7V* 

— 

South. 

35 

— 

35-0 

— 

— 

5*'7 

94-6 

74*  1 

35'» 

5*#7 

35' 

41*0 

39-0 

The  D.  Lat.  41  9  and  Dep.  390,  are  found  at  43°  against  the 
Dist.  57.  Hence,  since  the  ship  has  by  the  Traverse  Table  made 
southing  and  easting  upon  the  whole,  the  Course  is  S.  43°  £.,  and 
Dist.  57  miles. 

By  Computation,  Each  portion  of  the  process  having  already 
been  separately  considered  in  plane  sailing,  nothing  remains  to  b* 
added  here. 

288.  By  Construction.  With  the  chord  of  60  describe  a  circle; 
draw  the  meridian  N  8,  and  mark  the  centre  C.  By  means  of  the 
scale  of  chords  lay  off  S  1,  equal  to  3  points,  or  S.W.  by  S.,  for  the 
first  course.  Lay  off  N  2,  equal  to  2  points,  or  N.N.W.,  for  the 
second  course.  Lay  off  S  3,  equal  to  5|  points,  or  S.E.  by  E.  \  E., 
for  the  third  course.  The  fourth  course,  or  south,  is  already  laid  off, 
being  on  the  meridian. 

Now  lay  the  edge  of  the  ruler  on  C  and  on  the  point  1,  and  lay 
off  by  the  compasses,  or  a  scale  of  equal  parts,  the  first  distance, 
C  a,  24.  Place  the  edge  of  the  ruler  on  a,  laying  it  parallel  to  the 
line  joining  C  and  the  point  2,  and  lay  off  the  second  distance,  ab, 
57.  Place  the  ruler  on  the  point  b,  laying  it  parallel  to  the  line 
joining  C  and  the  point  3,  and  lay  off  the  third  distance,  ftc,  84. 
Lay  the  ruler  on  c,  parallel  to  the  meridian,  and  lay  off  erf,  the 
fourth  distance,  35.  The  point  d  is  therefore  the  place  at  which  the 
ship  has  arrived.  Join  Crf,  then  SCrf  is  the  course,  43°,  and  Cd 
ttie  distance,  57.     Abo,  drawing  Drf  perpendicular  to  CS,  gives 
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0  C  the  D.  Lat.,  and  D  d  tho  Dep.  which  will  be  found  to  measure 
43  <J  and  390* 

N 

•   "T 


L-^- 


The  circle  is  here  drawn  outside  the  traverses  altogether,  without 
regard  to  the  dimensions  of  the  scale  of  chords,  merely  to  shew  the 
process  more  clearly. 

This  example,  after  the  practice  which  the  learner  will  have  al- 
ready had  in  drawing  the  figures  in  the  preceding  articles,  will  be 
sufficient  for  any  case  that  may  occur. 

Ex.  2.     A.  skip  sails  N.N.E.  n  miles;  N.B.  f  E.  39  mite;  E.|N.  14  miles;  W<*t, 
19  mile* ;  NN.W,  4  miles :  required  the  Course  and  Distance  made  good. 


Courses 

Dirt. 

N. 

8. 

E. 

w. 

N.N.E. 

II 

IO*2 

4'» 

N.E.fE. 

39 

23*1 

31*3 

E.|N. 

H 

«'4 

13-9 

West 

•9 

»9 

N.N.W. 

4 

3*7 

i*5 

3»-5 

0 

494 

ao-5 

io-$ 

*8-9 

The  D.  Lat.  38-5  in  the  N.  col.,  and  Dep.  28-9  in  the  E.  col   give 
Cootujb  N.  37°  E.,  Dist.  48  miles. 
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289.  The  D.  Lat.  made  good  on  the  whole,  as  thus  found,  being 
applied  to  the  Lat.  left,  gives  the  Lat.  in.  Thus,  suppose  in  the 
above  example  the  ship  left  Lat.  38°  4(f  S. ;  then  38f'o  northing 
places  her  in  Lat.  38°  1'5  S.# 

Example*  for  Bxerctm. 

fix.  1.  A  ship  from  Cape  St.  Vincent,  in  lat.  37°  3'  N..  tailed  E.S.E.  45  miles,  S.W.  by  W. 
43  miles,  S.E.  by  S.  64  miles,  and  N.N.E.  22  miles  1  find  the  Coarse  and  Distance 
made  good,  and  also  her  Latitude  in. 

Ana.  Course  S.  340  E.-,  Dist.  89  miles  j  Lat.  in  35°  49'  N. 

Ex.  2.  A  ship  from  Cape  Amber  (N.E.  extremity  of  Madagascar),  in  lat.  1 1°  5/  S.,  smiled 
as  follow*:  — S  S.E  |E.  33  miles,  S.W. by  W.  40  miles,  S.E.  by  S  44 miles; 
N.  36  miles,  S.W.  by  S.  44  miles,  S.E.  by  E.  40  miles,  S.S.W.  |  W.  33  rniks  • 
required  the  Coarse  and  Distance  made  good,  and  also  what  Latitude  site  is  in. 

Ans.  Couhsb  due  South;  Dist  140  miles ;  the  Lat.  in  is  140  1/  S. 

Ex.  3.  Yesterday,  at  noon,  we  .were  in  lat  2 8°  34'  N.,  and  since  then  we  linve  sailed 
NE.  I E.  62  miles,  N.  by  E.  16  miles,  E. }  N.  40  miles,  N.E.  ]  E.  20  miles 
N.  by  W.  30  miles,  and  N.|W,  14  miles  *  what  Course  and  Distance  have  w* 
made  good,  and  what  is  our  present  Lat.  ? 

Ans.  CoumkN.  43°E.  orN-E.  JN.;  Dist.  158  miles;  Lat.i*  30°29'N. 

Ex.  4 .  Yesterday,  at  noon,  we  were  in  lat.  440  10*  Nn  and  since  then  we  sailed  (he  following 
courses  (all  true):  S.  690  W.  4  mites,  S.  5 8°  E.  15  miles,  S.  66s  E.  8  milea, 
S.  66°  W.  12  miles,  S.  i°  E.  6  miles,  S.  550  W.  2  miles,  N.  n°  E.  2  milea, 
S  550 W.  28  miles.  S.  3i°E.  14  miles,  S.  5 5"  W.  4 milea:  find  what  Course  and 
Distance  the  ship  hat  made  good,  and  what  is  her  present  Lat 

Ans.  CoumeS.I5°W.;  Dist.  55*0  mites;  Lat. in  430 17'N. 

3.  Current  Stilling. 

290.  A  current  is  named  after  the  point  towards  which  it  runs  or 
sets:  thus,  a  current  setting  towards  S.E.  is  called  a  south-east  cur- 
rent. The  mode  adopted  in  speaking  of  the  wind,  which  is  named 
according  to  the  point  from  which  it  blows,  is  thus  reversed  in 
speaking  of  a  current.f 

The  term  sety  which  is  used  to  describe  the  direction  of  the  cur- 
rent, is  employed  in  the  same  way  as  in  taking  a  bearing  (No.  201) ; 
but  it  is  necessary  for  the  complete  description  of  the  current  to  state 
also  its  drift,  that  is,  the  distance  through  which  the  ship  is  carried 
or  driven  by  its  action 4 

291.  When  the  rate  of  a  current  per  hour  is  known,  the  drift  for 
any  number  of  hours  is  found  by  multiplying  the  rate  by  the  number 
:>f  hours.  » 

In  like  manner,  when  the  drift  in  a  number  of  hours  has  been 

*  The  beginner  will  proceed  now  to  parallel  sailing,  because,  though  current  sailing  If 
strictly  a  branch  of  plane  sailing,  yet  some  of  the  examples,  for  the  convenience  of  arrange* 
merit,  involve  the  consideration  of  longitude. 

t  It  is  easy  to  conceive  that  people  would  name  a  wind  according  to  the  quarter  it  Mows 
from,  as  bringing  heat  or  cold,  rain,  flee.,  and  a  current  according  to  the  quarter  to  which  h 
carries  them. 

X  These  terms  have  not  in  general  been  employed  with  sufficient  precision.  The  term 
*'  drift"  has  been  defined  as  the  distance  run  per  hour,  or  rate  of  the  current  But  as  a 
second  term  for  rate  is  superfluous,  and  as  it  is  convenient  to  have  a  term  expressive  of  the 
distance  through  which  the  ship  has  been  carried  by  the  current  in  any  interval  of  time,  we 
have  used  the  word  drift  in  the  latter  sense  only.  Thus  the  terms  tet  and  dr\ft  are  usrd  b 
speaking  of  the  current  as  etwra*  and  distance  are  in  speaking  of  the  ship.. 
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ascertained,  the  rate  is  found  by  dividing  the  number  of  in  ilea  of  (he 
drift  bv  the  number  of  hours. 


Ex.  1.     A  currant  runs  2*2  knoti :  re- 
quired its  drift  m  1 3  noun. 

An*.  2*2  x  13  --  28*6  miles,  the  Drift. 


Ex.  2.  A  ship  is  found  to  have  drifted 
by  the  current  42  miles  in  21  hours :  required 
its  rate. 


Ans. 


■  2  miles  per  hour,  the  Rate. 


292.  Since  the  current  sets  the  ship  in  a  certain  direction  and  at 
a  certain  rate,  while  the  ship  herself  is  going  through  the  water  in 
another  direction  and  at  another  rate,  the  course  of  a  ship  affected 
by  a  current  becomes  in  general  a  case  of  traverse  sailing,  in  which 
there  are  two  courses  and  distances. 

Thus  current  sailing  is  analogous  to  traverse  sailing,  the  two 
courses,  instead  of  following  in  succession,  being  here  considered  as 
taking  place  at  the  same  time. 

The  subjects  for  consideration  in  this  section  are,  finding  the  place 
of  a  ship  affected  by  a  current ;  determining  the  course  under  a  par- 
ticular condition  ;  and,  lastly,  finding  the  motion  of  the  current  itself. 

Case  I.  Given  the  course  steered,  and  dist.  run  by  the  log, 
with  the  set  and  rate  of  the  current,  tc  find  the  course  and  distance 
made  good. 

Ex.  A  ship  runs  N.E.  by  N.  18  miles  in  three  hours,  in  a  current  setting  W.  by  8.  two 
miles  an  hour  :  required  the  Course  and  Dist.  made  good. 

N.E.  by  N.  18  m.  gives  D.  Lat.  150  N.  Dep.  io*o  E. 

W.  b/  S.       6  m.  D.  Lat.  _ns-  J)eP'     S'9 w 

13-8  N.  4*i  E 

The  Course  is,  therefore,  N.  by  E.  {  E. ;  Dist.  14  miles. 

The  Construction  of  this  example  is  the  same  as  that  of  a  case  of 
traverse  sailing,  in  which  the  courses  and  distances  to  be  laid  off  are 
N.E.  by  N.  18  miles,  and  W.  by  S.  6  miles. 

293.  When  a  ship  steering  for  a  port  is  drifted  by  a  current,  it  is 
evident  that,  unless  it  be  exactly  with  her  or  exactly  against  her,  it 
will  throw  her  out  of  her  intended  course.  Since  the  course  to  be 
shaped  in  any  case  depends  on  the  rate  of  sailing  of  the  ship,  and  as 
this  cannot  be  foreseen  for  any  future  hour,  the  course  must,  when  it 
is  proposed  to  take  into  consideration  the  effect  of  the  current,  be 
determined  by  the  present  rate  of  sailing,  and  independently  of  the 
distance  of  the  port. 

Case  II.  Given  the  bearing  of  the  port,  and  the  set  and  rate  of 
the  current:  it  is  required  to  shape  the  course  so  as  to  keep  the  port 
on  the  same  bearing. 

294.  By  Inspection.  When  the  bearing  of  the  port  and  the  set 
of  the  current  are  in  adjacent  quarters  of  the  compass,  take  their  sum ; 
when  in  the  same  or  opposite  quarters,  take  the  difference. 

With  this  sum  (or  its  supplement  to  16  poiuts,  or  180P,  if  it 
exceeds  90°),  or  difference,  as  a  course,  and  the  rate  of  the  current  at 
a  distance,  find  the  Dep. 
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With  this  Dep.  as  Dep.  and  the  rate  of  the  ship  as  Dist,  find  the 
Course. 

This  course  being  applied  to  the  bearing  of  the  port  on  the 
opposite  side  to  that  towards  which  the  current  is  drifting  the  ship, 
gives  the  course  to  be  steered. 

Ex.  1.    The  port  bears  S.  5i°W  ,  the  current  sets  S.S.E.  two  miles  en  boor;  the  pie  sen* 
rate  of  sailing  7  knots  t  shape  the  coarse  so  as  to  keep  the  port  on  the  same  bearing. 

Bg  fmpection.  8.  520  W.  and  S.S.E.  are  in  adjacent  quarters  ; 
the  ikr,  therefore,  of  520  and  2i°J  is  74°i-  'fl«*  course,  with  the 
dirt  a,  gives  dep.  ro.  The  dist  7  and  dep.  19  give  the  course 
160.  This  16 '  applied  to  the  right  (because,  in  facing  towards 
&  520  W.  S.S.E.  Hes  to  the  lift),  gives  the  Cornea  $%*+  16°,  or 
S.  68°  W. 

295.  By  Construction.  Take  a 
point  B,  any  where,  and  from  it  lay 
off  the  set  and  rate  of  the  current, 
as  B  C,  S.S.E.  two  miles ;  through 
C  draw  a  line  A  P,  8.  52°  W.,  for 
the  direction  of  the  port ;  from  B 
lay  off  B  A,  7,  the  rate  of  sailing, 
meeting  PA  in  A;  then  CAB  is 
the  angle  16°,  which  the  ship  is  to 
steer  to  the  right  of  the  port 

It  is  evident,  in  the  present  case,  that  while  the  ship  is  running 
along  A  B,  looking  to  windward  of  the  port,  the  current  is  setting 
her  to  the  left  towards  the  proposed  line,  A  P.  Attention  to  this 
point  will  ensure  marking  A  on  the  proper  side  of  B  C ;  for  if  a  line 
were  drawn  from  B  towards  a  point  between  C  and  P,  to  represent 
the  ship's  course,  it  is  evident  tnat  while  on  it  she  would  be  looking 
to  leeward  of  the  port,  while  the  current  was  also  drifting  her  to 
leeward. 

This  example  will  serve  for  all  cases.  Thus,  while  the  port  bears 
as  above,  suppose  the  current  sets  N.N.W.  2  miles ;  then  the  point 
B  and  the  line  A  B  would  lie  on  the  S.E.  side  of  A  P  instead  of  the 
N.W.  side,  the  angle  A  would  be  16°  as  before,  but  the  distance 
A  C  made  good  by  the  ship  in  the  direction  of  the  port,  would  be 
different. 

Ex.  2.  The  port  bears  N.  41°  W.t  the  current  runs  south  3  knots;  rate  of  sailing,  5  : 
shape  the  Course  as  required  by  the  condition. 

By  Inspection.  South  giving  no  angle,  the  first  course  is  41°  at  once,  which,  with  Dist  3, 
greet  Dep.  *.  The  Dist  5  and  Dep.  2  give  Counsn  24°,  to  be  applied  to  the  right,  because 
to  facing  towards  N.  420  W.,  south  is  to  the  left. 

Ex.3.    The  port  bears  B.,  the  current  sets  SW.  by  S.  3  knots;  rate  of  smfling,  4. 

East  is  S  points,  or  900,  which  is  one  of  the  opposite  quarters  to  S.  W. ;  the  diff.  of  8  points 
and  3  points,  or  5  points  as  Course,  and  Dist  3.  give  Dep.  2*5.  The  Dep.  2*5,  and  Dist  4* 
give  Course  390,  which,  applied  to  the  left  of  E.,  gives  the  Co  urns*  to  be  steered  N.  51°  E. 

Ex.  4.    The  port  bears  S.  820  E.,  the  current  sets  N.  $°  W.  4  knots ;  rate  of  sailing,  s. 

S.E  and  N.W.  being  opposite  quarters,  the  diff.  of  820  and  5°,  or  7?°,  is  the  Course; 
which,  with  the  Dist.  4,  gives  Dep.  3*9.  This  Dep.  3*9  being  greater  than  the  Dist  2  (the 
ihjVs  ratcO  which  i»  imponnible,  shews  that  the  ship  cannot  maintain  the  beating  of  the  port* 
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2LKk  When  the  current  sets  at  right  angles  across  the  line  of  di* 
rection  of  the  port,  the  ship's  velocity  must  evidently  be  equal,  at 
least,  to  that  of  the  current,  that  9he  may  be  able  to  stem  it,  and  to 
preserve  both  the  bearing  and  distance  of  the  port  unchanged. 

Hence,  if  the  current  tend  in  any  degree  to  set  the  ship  away 
from  her  port,  she  will  not  be  able  to  preserve  the  required  position 
unless  her  velocity  exceed  that  of  the  current. 

Caselll.  Given  the  Course  and  Distance  run  by  account  from  a 
iv  el  I -determined  place,  and  the  true  position  of  the  ship,  to  find  the 
Current. 

297.  By  Inspection.  Having  the  D.  Lat.  and  Dep.,  both  by  ac- 
count and  as  deduced  from  observation,  take  the  difference  between 
the  two  D.  Lats.  and  the  two  Deps.;  if  the  D.  Lats.  are  of  different 
names,  take  their  sum,  and  the  same  of  the  Deps. 

When  the  true  lat.  of  the  ship  is  to  the  north*  of  the  account, 
mark  the  diff.  or  sum  of  the  D.  Lats.  N.,  otherwise  S. ;  and  when 
the  true  longitude  of  the  ship  is  to  the  E.  of  the  account,  mark  the 
diff.  or  sum  of  the  Deps.  E.,  otherwise  W.  Find  in  the  Traverse 
Table  the  course  and  distance  corresponding  to  the  said  differences, 
as  D.  Lat.  and  Dep.  these  are  the  set  and  drift  of  the  current. 

Ex.  1.     A  ship  in  lat.  370  N.,  sails  8.  570  E.,  48  miles,  by  account,  and  is  found  to  hat* 
made  good  3 i'-6  D.  Lat.  (S.),  and  44*7  Dep.  (E.) :  find  the  current 


D.  Lat  by  account  16*1 
Do.        true  31-6 

Diff.  of  D.  Lats.     5*5  8. 


Dep.  by  account  40*3 
Do.    true  44*7 

Diff.  of  Deps.     4*4  E# 


The  D.  Lat  5*5  8.,  and  Dep.  4*4  E.,  fire  Course  8.  390  E.t  Dist  7*1,  the  Set  and 
Drift  of  the  current  in  the  time.  Sappose  the  time  eight  hours  and  a  half,  then  the  Rats 
is  o*8  of  a  mile  per  hour. 

Ex.  2.  A  ship  from  lat  3 8°  20'  S.,  and  long.  310  15'  W.t  sails  S.  400  E.,  170  miles,  by 
account,  when  she  is  found  by  observation  to  be  in  fat  400  54'*  5  S.,  and  long.  300  44' '8  W. : 
find  the  current 

The  lat.  by  account,  is  400  30'  8. ;  the  long,  by  account,  280  «>  /  W. 


Lat  left        380  20' 
Lat  in  40  54-5 

True  D.  Lat      2  34*5  ■■  154*5 


Long,  left        310  if 
Long,  in  30  44*8 

True  D.  Long.  30*2 


The  mid.  lat  400  as  Course,  and  Dist  30*2,  give  D.  Lat  23*0.     (See  No.  318.) 


D.  Lat  by  account    130*2 
Do.        true  H4'5 

Diff.  of  D.  Lata.      24*3  8. 


Dep.  by  account    109*3 
Do.    true  23-0 

Diff.  of  Deps.     "lo^  W. 


The  U.  Lat.  24-3  8.,  and  Dep.  86-3  W.  give  Course  S.  740  W.,  Dist  90  miles,  the  8bt 
•ml  Drift  of  (he  current  in  the  given  time. 

Ex.  3.  (By  bearings  and  dist.  of  land.)  A  ship  at  ranset  sets  a  point  of  land,  N.  58°  E.f 
1 1  miles.  Next  morning  having,  as  supposed,  made  good  8.  400  fc.  14  miles,  the  point 
bears  N.  760  E.  20  miles :  required  the  current. 

The  Bearing  at  sunset,  considered  as  a  Course  from  the  land  or  S.  5  8°  W.,  Dist  1 1,  and 
8. 400  E.  14,  give  whole  D.  Lat  by  account,  between  the  ship  and  the  point,  16*5  S.  and  Dep. 
0  3  W.     The  Bearing  and  Dist  in  the  morning  give  the  D.  Lat  4*8  S.,  and  Dep.  19*4  W. 

D.  Lat.  by  account     16*5 

Do.        true  4*8 

u-7 

The  D.  Lat.  11*7,  and  Dep.  19*1,  give  Course  or  Set  580  ind  Dist  or  Drift  22 ;  tbr  set 
if  evidently  (from  the  two  bearings)  between  N.  and  W. 


Dep.  by  account 

0-3 

Do.    true 

jn 
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The  complete  construction  of  this  last  case,  in  which  longit  idc  is 
involved,  requires  the  use  of  Mercator's  Chart.  No  further  direc- 
tions are,  however,  necessary  than  to  lay  off  the  place  of  the  ship  by 
D.R.  and  her  true  position ;  the  line  joining  these  two  points  shews 
the  set  of  the  current,  and  its  drift. 

298.  The  last  example  leads  to  the  remark  that,  unless  the  ship's 
head  be  the  same  way  at  the  taking  of  each  bearing,  as  well  as 
during  the  whole  interval  between  the  observations,  the  resulting 
wet  of  the  current  will  be  mixed  up  with  local  deviation ;  and  the 
current  accordingly  cannot  be  truly  determined,  unless  the  effect  of 
local  deviation  be  removed. 

In  this  subdivision*  rules  have  been  laid  down  for  working  cer- 
tain questions  in  current  sailing.  Other  matters  relative  to  the 
current,  which  present  themselves  for  consideration  in  shaping  the 
course,  and  also  in  determining  the  current  itself  by  experiment,  are 
treated  in  the  division  of  the  work  entitled  "  Navigating  the  Ship.9* 

4.   Windward  Sailing. 

299.  In  windward  sailing  the  vessel  bound  to  a  port  has  a  foul 
wind.  As  she  is  thus  compelled  to  make  more  courses  than  one, 
the  case  is  one  of  Traverse  Sailing;  but  as  the  course  on  either  tack 
is  determined  by  the  circumstances,  the  inquiry  is  limited  to  the 
consideration  of  the  time  at  which  it  is  proper  to  tack. 

The  general  principle,  supposing  the  wind  to  remain  unchanged, 
is  to  near  the  port  as  much  as  possible  from  instant  to  instant.  Now 
the  ship  nears  the  port  fastest  on  that  tack  on  which  she  looks  the 
best  up  for  it;  if,  therefore,  she  looks  up  for  the  port  better  on  her 
present  tack  than  she  would  on  the  other,  she  should  stand  on ;  if 
not,  she  should  go  about.  Hence  it  follows,  that  the  ship  should 
constantly  keep  the  port  in  the  wind  s  eye ;  but,  as  working  up  on 
•his  line  would  require  the  vessel  to  be  continually  tacking,  which  i?i 
practically  impossible,  the  limits  within  which  the  rule  should  be 
followed  must  be  determined  by  circumstances. 

The  advantage  of  working  up  nearly  in  the  stream  of  the  wind 
towards  any  object,  whether  fixed  or  moving,  is,  that  the  wind  cannot 
be  worse,  and,  therefore,  every  change  must  be  for  the  better.^ 

300.  The  distance  run,  or  the  ground  actually  gone  over,  is  the 
same  whether  the  ship  makes  two  boards  or  a  greater  number,  pro- 


*  At  it  is  convenient  occasionally  thus  to  refer  by  name  to  the  several  parts  into 
which,  from  the  classification  adopted,  the  contents  of  this  volume  are  divided,  it  may  be 
stated  briefly  that  the  principal  portions,  as  the  Introduction,  Navigation,  &c,  are  here 
termed  divisions,  which,  when  necessary,  are  divided  into  chapter*.  The  parts  of  a  division 
or  of  a  chapter,  distinguished  by  capital  letters,  are  termed  sections ;  the  parts  of  a  section  in 
!arge  italics,  subdivisions,  and  the  further  division  of  these,  in  small  italics  with  figures  in 
brackets,  subsections,  the  prefix  sub  being  thus  applied  to  the  smallest  divisions. 

t  The  question  of  closing  another  vessel  belongs  to  tactics,  and  not  to  our  present  subject, 
which  relates  solely  to  the  place  of  the  ship  on  the  sea.  It  may  not  be  useless,  however,  to 
notice  here,  that  in  working  up  to  a  vessel  to  windward,  it  is  proper  to  keep  as  near  the 
stream  of  the  wind  as  circumstances  permit ;  because  from  the  time  that  the  chase  has  dront 
to  the  weather  beam  of  the  chaser,  the  latter,  however  great  her  superiority  of  sailing,  i 
to  near  the  chase.     See  Naut.  Mag.  1838,  Art.  "  Chasing,"  p.  446. 
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filed  tint  no  ground  or  time  is  lost  in  stays:  the  application  of  the 
above  rule,  therefore,  depends  entirely  on  the  probability  of  a  change 
of  wind. 

Iu  this  subdivision  we  consider  merely  the  general  principle  of 
tailing  with  a  foul  wind.  Other  points  involved  in  Shaping  the 
Course,  as  the  combination  of  a  current  with  a  foul  wind,  the  selec- 
tion of  such  a  course  as  may,  in  certain  cases,  convert  a  foul  wind 
into  a  fair  one,  the  effects  of  local  deviation  which  have  been  observed 
while  sailing  on  different  tacks,  will  be  treated  in  the  Chapter  or. 
Navigating  the  Ship,  under  the  heads  "  Shaping  the  Course,"  "  Erro» 
of  the  Course." 


11.  Parallel  Sailing. 

301.  When  two  places  lie  on  the  same  parallel  of  latitude,  or 
due  east  and  west  of  each  other,  the  distance  between  them,  esti- 
mated along  a  parallel,  or  E.  and  W.  (which  is  all  departure),  i* 
converted  into  difference  of  longitude;  or,  on  the  other  hand,  theii 
difference  of  longitude  is  converted  into  distance, — by  the  rules  of 
Parallel  Sailing. 

The  principles  of  Parallel  Sailing  are  contained  in  the  two  fol- 
lowing propositions. 

302.  Prop.  A  parallel  of  latitude  is  a  circle  of  which  the  radius 
is  proportional  to  tne  cosine  of  the  latitude. 

Let  EPQ  be  part  of  a  meridian, 
P  the  pole,  EQ  a  diameter  of  the 
equator,  A  a  place  whose  latitude  is 
the  arc  AE. 

Take  BQ  equal  to  AE;  then  B 
is  the  opposite  point  to  A  on  the  same 
parallel.    Join  A  B  crossing  C  P  in  w. 

Suppose  now  a  ship  to  move  from 
A  round  the  polar  axis  C  P,  preserving  the  same  lat.,  or  the  angle 
P  C  A  constant ;  then  at  the  end  of  half  a  (evolution  she  will  be 
at  B,  and  PCB  will  be  equal  to  PCA. 

Then  C  A  and  C  B  being  equal,  each  being  a  radius,  and  the 
angles  P  C  A,  P  C  B,  equal,  and  Cn  common  to  the  two  triangles 
A  C  n,  B  C  w,  these  are  equal  (No.  1 17).  Hence  A  n  is  equal  to  B  n ; 
and  this  holds  for  every  point  of  the  parallel. 

Hence  A  and  B  are  on  the  circumference  of  a  circle  whose 
eentre  is  n,  in  the  line  or  diameter  joining  any  two  opposite  points. 

Now  A  n  (see  iig.  p.  44)  is  equal  to  the  cosine  of  the  arc  AE,CE 
being  radius;  hence  CE;  An;:  rad.  (=  1)  :  cos  lat.,  which  was  to 
be  proved. 

303.  Prop.  The  length  of  a  circular  arc  is  proportional  to  it* 
radius.     Or,  the  length  of  A  B  :  the  length  of  ah  ::  C  A  :  Cu. 


120  NAVIGATION. 

C  is  the.  common  centre  of  the  arcs  A  B, 
a  b.  Divide  the  angle  C  into  any  number 
of  equal  parts,  as  for  ex.  four,  by  the  lines 
C  D,  C  E,  C  F ;  join  the  points  A  and  D, 
&c.  by  the  chords  AD,  D E,  &c.  Then  the 
sides  OA,  CD,  &c.  being  equal,  aud  the 
angles  A  C  D,  D  C  E,  &c.  being  equal,  the 
bases  A  D,  D  E,  &c.  are  all  equal.  (No. 
117.) 

In  like  manner  the  chords  ad,  de,  &c. 
are  all  equal. 

Now  the  triangles  CAD,Carf,  being  isosceles,  and  having  one 
angle  A  C  D  common,  have  the  remaining  angles  equal ;  they  are 
thus  equiangular,  and  therefore  similar  (148  cor.),  and  their  sides 
•re  proportional  (146) ;  hence  A  D  :  ad  ::  C  A  :  Ca. 

We  may  multiply  both  terms  of  the  ratio  AD  :  ad  by  an) 
number  without  altering  its  value  (Nos.  37  and  7),  whence  4  A  D  ; 
4  a  d  *\  C  A  :  Ca.  Now  4  A  D  is  the  sum  of  the  four  equal  chords 
AD,  DE,  &c,  and  4  ad  is  that  of  the  chords  a  d>  de,  &c.     Hence, 

The  sum  of  the  equal  chords  of  AB  :  sum  of  the  same  number 
of  equal  chords  of  ab  ::  C  A  :  Ca. 

This  proportion  is  evidently  true,  whatever  be  the  number  of 
equal  parts  into  which  the  angle  C  is  divided.  It  would  therefore 
hold  equally  for  an  immensely  increased  number  of  diminished 
chords,  as  for  ex.  of  1',  or  1*,  or  a  millionth  of  1*,  or  infinitely  less; 
it  therefore  holds  of  the  arc  itself,  which  we  may  conceive  to  be 
composed  of  an  indefinitely  great  number  of  indefinitely  small  por- 
tions, each  of  which  is  arc  or  chord  indifferently,0  or  arc  A  B  :  arc 
ab  ::  CA  :  Ca. 

(1).  If  A  B  be  the  equator,  and  aft  a  parallel,  then  C  A  :  Ca  :: 
1  :  cos  lat.     Whence  A  B  ;  a  b  : :  1  ;  cos  lat. 

And  since  Diff.  Long,  is  an  arc  of  the  eauator,  and  an  arc  mea« 
in  red  parallel  to  it  in  any  other  latitude  is  called  Dep.,  we  have, 

D.  Long.  :  Dep.          ::  i  ;  cos.  lat.,               whence  Dep.  —  D.  Long,  x  cot.  lat . . .  (1) 
Dep. :  D.Long.  ::  i  :  tec  lat.,  (162  (2)  (4))  D.  Long.-  Dep.  x  tec  lat. (2) 

These  are  the  equations  for  Parallel  Sailing. 
(2).  These  equations,  in  logarithms,  become 

Log.  Dep.  ~log.  D.  Long.  +  log.  cos.  lat (1) 

Log.  D.  Long.  ■»  log.  Dep.  -flog.  sec.  lat.  —  io  ...  (2) 

Case  I.  Given  the  distance  run  on  a  given  parallel  of  latitude, 
to  find  the  difference  of  longitude. 

304.  By  Inspection.  (1.)  Enter  the  Traverse  Table  with  the  lati- 
tude as  a  course,  and  look  in  the  D.  Lat.  column  for  the  given 
distance;  the  Dist.  against  this  is  the  Diff.  Long,  required. 

*  Af ,  from  the  nature  of  the  case,  the  sum  of  all  the  chords  can  never  ntrpatt  th*  arc. 
Aonjjh  it  may  approach  indefinitely  near  ft,  the  arc  is  said  to  be  the  Hnrt  of  the  mm  of  the 
*nrdj  increased  indefinitely. 
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Ex.  k  ship  runt  143  mOes  doe  W.  in  Lat,  3 8°  11':  required  the  diff.  long,  she  makes 
good. 

The  lat.  3 8°  as  course,  and  143  in  the  D.  Lat.  column,  gWe  the  Dist.  181,  or  30  i'  1  the 
Dirr.  Lono.  required. 

(2.)  Or  employ  Table  3,  as  directed  in  the  Explanation  of  the 
Tables. 

306.  By  Computation.  To  the  log.  sec.  of  the  Lat.  add  the  log. 
of  the  Dist. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Diff.  liOiig. 

Ex.  above.         Lat.       38*  n'  log.  sec  0-1046 

Dist.    143  log,  a- 15  S3 

Diff.  Long..  181*9  log.  2*2599 


c 


306.  By  Construction.  Draw  a  line 
A  B  east  and  west,  and  lay  off  143  on 
it ;  lay  off  the  angle  B  A  C  equal  to  the 
Lat.  or  38°  in  this  case ;  draw  B  C  per- 
pendicular to  A  B,  and  meeting  A  C 
in  C.  Then  AC  is  the  Diff.  Long,  re- 
quired. 


Dirt,  or  Df  p. 


Case  II.  Given  the  Diff.  Long,  of  two  places  on  the  same 
parallel,  to  find  their  distance  as  measured  along  the  parallel. 

307.  By  Inspection.  (1.)  Enter  the  Traverse  Table  with  the 
Lat.  as  course  and  the  Diff.  Long,  as  distance;  the  D.  Lat.  is  the 
distance  required. 

Ex.  The  diff.  long,  of  two  places  in  the  parallel  of  530  20'  is  120  14':  required  their  dis- 
tance as  measured  along  their  parallel. 

The  lat  530  as  Course,  and  Dist.  734,  ghre  in  the  D.  Lai.  column  442  nearly :  the  sua- 
tancb  required. 

(2).  Or  employ  Tab.  4,  as  directed  in  the  Explanation  of  the 
Tables. 

308.  By  Computation,  To  the  log.  cos.  of  the  Lat.  add  the  log. 
of  the  Diff.  Long. ;  the  sum  (rejecting  10)  is  the  log.  of  the  distance 
required. 

fix.  above.  Lat  5  3°  20*  log.  cos.  9*7761 

D.  Long.  12   14  or  734  log.  2*8657 

Dist.  438*3  log.  2*6418 

:*09.  By  Construction.  Draw  a  line  A  B  (fig.  No.  306)  of  any 
length ;  lay  off  at  A  the  angle  B  A  C  equal  to  the  latitude  63° ; 
take  A  C  equal  to  the  Diff.  Long.  734 ;  from  C  draw  C  B  perpen- 
dicular to  A  B ;  then  A  B  is  the  Dist.  required,  and  measures  442. 

310.  In  parallel  sailing  the  Distance  and  Departure  are  iden- 
tical. When  the  course  is  nearly,  though  not  exactly,  on  a  parallel, 
the  distance  run  and  the  departure  are  very  nearly  equal;  hence  it 
is  evident  that  parallel  sailing  will  apply,  nearly  enougn  for  common 
purposes,  to  cases  in  which  the  course  is  not  exactly  east  or  west. 

311.  In  lats.  below  5°,  when  the  distance  does  not  exceed  300 
miles,  the  Dep.  may  at  once  be  taken  as  the  Diff.  Long.,  as  tb« 
greatest  error  will  scarcely  exceed  1'. 
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1.  Middle.  Latitude  Sailing. 

312.  This  is  a  method  (founded  on  the  principle  of  parallel 
failing)  of  converting  the  Departure  into  Difference  of  Longitude, 
*>nd  the  Difference  of  Longitude  into  Departure,  when  the  ship's 
coarse  lies  obliquely  across  the  meridian;  that  is  when,  besides 
Departure,  she  makes  Difference  of  Latitude. 

Suppose  a  ship  make  100  miles  departure  in  going,  on  the  same 
course,  from  lat.  38°  to  lat.  41°;  this  departure,  if  made  good  alto- 
gether in  lat.  38°,  would  give  127  Diff.  Long,  by  No.  304;  and 
again,  if  made  good  in  lat.  41°,  it  would  give  132*5  Diff.  Long. 
Now,  since  the  ship  has  sailed  between  these  two  parallels,  and  not 
on  either  of  them  exclusively,  her  real  Diff.  Long,  must  be  between 
127  and  132*5 ;  and  therefore  we  may  conclude  it  to  be  not  far  from 
that  which  would  result  from  a  departure  made  good  altogether  in 
the  middle  parallel ;  hence  the  name  of  the  sailing. 

313.  Middle  latitude  sailing  has  thus  the  same  two  cases  as 
parallel  saiHng ;  and,  accordingly,  the  rules  for  inspection,  compu- 
tation, and  construction,  already  given,  Nos.  304,  &c,  apply  equally 
to  this  sailing,  observing  merely  to  read  middle  latitude  for  latitude. 

314.  When  the  latitudes  of  the  two  places  are  of  the  same  name, 
the  middle  lat.  is  half  their  sum.* 

In  using  the  Traverse  Tables,  it  is  enough  to  take  the  latitudes  to 
the  nearest  degree. 


Ei.  1.    A  ship  tails  from  lat  51°  33'  N. 

*>  49°  9'  N« :  fa*  th*  Mid-  L*** 
Lat.  left     5a0 
Lat.  in      49 


Ex.  2.  A  ship  sails  from  lat.  a°N.  to 
fa*.i°S. 

The  ship  moving  near  the  equator,  die 
consideration  of  middle  latitude  is  omitted, 
and  the  Dep.  taken  as  the  Diff.  Long. 
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When  the  latitudes  are  of  contrary  names,  no  sensible  error  can 
arise  from  taking  the  Dep.  itself,  made  good  from  day  to  day,  as  the 
Diff.  Long.  But  in  greater  distances  between  places  in  opposite 
•atitudes  it  is  proper  to  convert  the  Dep.  made  good  in  N.  lat.  into 
Diff.  Long,  by  means  of  the  north  mid.  lat.,  that  is,  half  the  N.  lati- 
tude, and  that  made  good  in  S.  lat.  by  half  the  S.  lat. 

When,  on  the  other  hand,  the  Diff.  Long,  is  to  be  converted  into 
Dep.,  this  rule  does  not  apply*  It  will  be  near  enough  for  common 
purposes,  when  the  latitudes  are  either  very  nearly  equal  or  very 
unequal,  to  employ,  as  the  mid.  lat.,  half  the  greater  latitude.     In 

*  The  rale  which  directs  half  the  difference  of  the  latitudes  of  two  places  on  opposite 
aides  of  the  equator  to  be  employed  as  their  middle  latitude,  is  erroneous.  The  error  will 
be  readily  perceived  in  considering  a  case.  Suppose  a  ship  sails  S.E.  from  lat.  io°  N.  toi 
io°  S. ;  it  is  evident  that  her  diff.  long,  will  be  exactly  the  same  as  if,  on  reaching  the  equa- 
tor, she  returned  to  the  same  N.  lat.,  steering  N.E.,  since  her  course  is  the  same,  and  she 
moves  in  the  same  lata,  in  both  cases.  Thus  the  mid.  lat.,  which  is  the  average  of  all  the 
latitudes  passed  through,  or  the  half  sum  of  the  first  and  last,  and  is  here  50,  is  independent 
of  the  distinctions  of  N.  and  S.  The  common  rule  gives  o  tor  the  mid.  lat. ;  whence  H 
would  follow  that  the  diff.  long,  made  good  by  a  ship  in  ranging  through  all  the  latitudes 
between  io°  N.  and  io°  8.,  or  any  other  equal  latitudes,  however  great,  would  be  the  same 
as  if  she  made  good  bar  departure  altogether  on  lbs  equator — a  conclusion  manifestly  err©- 
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an  intermediate  case  we  may  combine  tbe  two  mid.  lata.,  giving  the 
greater  weight  to  that  which  corresponds  to  the  greater  latitude. 

Ex.  1.    Find  the  mid.  lat.  between  300  N.  and  29°  S. 

The  lata,  being  nearly  equal,  half  of  30°,  or  1 50,  may  be  takes  aa  the  Mid.  Lat 

Ex.  2.     Find  the  mid.  lat  between  300  N.  and  x°  S. 

Half  of  300,  or  1 50,  may  be  taken  aa  the  Mid.  Lat. 

Ex.  3.     Find  the  mid.  lat.  between  30° N.  and  1 50  8. 

The  N.  mid.  lat  it  15°,  the  S.  mid.  lat.  is  7°  nearly ;  now  the  mid.  lat.  15°  correspond! 
to  30°of  lat,  and  the  other,  or  70,  to  only  half  as  much.  Instead,  therefore,  of  dividing  the 
torn  of  the  two  by  a,  w©  gire  to  the  first  double  the  weight  of  the  other,  and  divide  by  3 ; 
that,  15+  15  +  7,  or  37  divided  by  3,  gives  120,  the  Mid.  Lat.  required,  nearly. 

Case  I.  Given  the  departure,  to  find  the  difference  of  longitude. 

Ex.  1.  A  ship  60m  lat  510  o'N.  sails  S.W.  by  W.  116  mOes :  required  her  Lat  Id  and 
Diff.  Long. 

315.  By  Inspection.  Find  the  D.  Lat.  and  Dep.,  and  the  Lat.  in. 
Find  the  Mid.  Lat.;  then,  with  the  Mid.  Lat.  as  Course,  look  for 
the  Dep.  in  the  D.  Lat.  column,  the  corresponding  Dist.  is  the  1>. 
Long,  required. 

By  Case  I.  of  Plane  Sailing,  8.  $  points,  Then  Course  50°  and  Dep.  179*6  in  the 

Dist.  2  1 6,  give  D.  Lat  tao  and  Dep.  179*6 ;      D.  Lat  column  give  Dist  279  or  40  39',  the 

hence  the  Lat.  in  is  49°  9'  N.  Diff.  Lokci.  required. 

Lat  left        51   9  N. 

100  18         Mid.  Ut  sol9 

316.  By  Computation.  Having  found  the  Dep.  and  the  Mid. 
Lat.,  add  together  tbe  log.  sec.  of  the  Mid.  Lat.  and  the  log.  of  the 
Dep. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Diff.  Long, 

Ex.  above.    Dep.  179*6         Mid.  Lat  50°  9' 

Mid.  Lat     50*9'  log.  sec.  0*1933 

Dep.  179-6  log.  a-i  S41 

Drrv.  Lono.  280*3  (4°  4°'*3)  tog*  2'4476 

317.  Bv  Construction.    (Ex.  1.)     Lay  off  SCA   the   Course  5 
points,   and    take    CA    the   Dist.  216; 
draw  AB  perpendicular    to   C8.     The 
figure  is  thus  far  complete    for    plane 
sailing,  Case  I. 

Lay  off  the  angle  BAL  equal  to  the 
Mid.  Lat.  60?,  and  A  L  meeting  C  8  is 
the  Diff.  Long.  280. 

Ex.  2.  A  ship  from  Lat.  29*  40'  N.  sails  R.N.E. 
till  she  makes  72  miles  D.  lat. :  required  the  Dist  run 
and  Diff.  Long. 

By  Inspection.  By  No.  276,  Course  6  points  and 
D.  Lat  71*9  give  Dep.  1737 ;  and  72  miles  northing 
give  lat  in  30*  52'  N. 


Lat  left 

*9C 

40' N. 

Latin 

30 

5*N. 

60 

32 

Mid.  Lat 

30 

16 

Coarse  50°  ^Mid.  Lat.)  and  Dep.  173*7  as  D.  Lat.  give  Diet.  201  or  3°*i\  Ikm  Di»r 
Lou  a  required. 
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By  Construction.  C  B  A  represents  the 
flg.  for  plane  sailing. 

Lay  off  B  AL  equal  to  the  mid.  lat.  30°; 
and  A  L  is  the  Diff.  Long,  and  measures 
201. 

These  two  examples  of  construction  are 
sufficient  for  the  case. 


c 


Ex.  3.  A  ship  from  lat.  440  58'N.  runs  230  miles,  and  makes  56  miles  soothing :  tins* 
the  Coarse  and  Diff.  Long. 

By  Case  IV.  of  Plane  Sailing,  p.  86,  the  Dist.  230  and  D.  Lat.  56  stand  together  oxm 
the  Coarse  76°  and  against  the  Dep.  223*2 ;  then  56'  southing  gives  Lat.  in  440  2  N. 
The  Lat.  left  440  and  Lat.  in  450  give  the  Mid.  Lat  44^  or  440. 

Course  440  (Mid.  Lat)  and  Dep.  22*3  in  D.  Lat  column  give  Dist  31 :  hence  theDirr. 
Long,  is  310,  or  50  ic\ 

Case  II.  Given  the  latitudes  and  longitudes  of  two  places,  to  find 
the  departure,  and  thence  the  course  and  distance  between  them. 

Ex.  Find  the  Course  and  Dist  between  C.  Sierra  Leone,  m  lat  8°  30'  N.,  long.  130  Y  W„ 
and  C.  St.  Roque,  lat  50  28'  S.,  long.  35°  1/ W. 

318.  By  Inspection.  Find  the  Mid.  Lat.  and  the  Diff.  Long,  of 
the  places ;  open  the  Traverse  Table  at  the  Mid.  Lat.  as  a  course, 
look  for  the  Diff.  Long,  in  the  Dist.  column,  and  take  out  the 
D.  Lat. :  this  is  the  Dep.  required. 

The  Dep.  and  given  Diff.  Lat.  between  the  places  give  the 
Course   and  Dist.  by  Case  III.  Plane  Sailing,  p.  109. 

C.  Sierra  Leone,  lat.     8°  30'  N.  Long.  130  18*  W. 

C.  St  Roque                  528  8.  35    17  W. 

D.  Lat.  T3    58  Diff.  Long.    21    59 

Or    838  miles  Or     1319  miles. 

The  Mid.  Lat.  of  8°  30'  is  40  x  5',  that  of  50  28'  is  20  44',  or  40  and  30  nearly.  As  40  cor- 
responds  to  the  greater  lat.,  we  may  adopt  it  as  the  Mid.  Lat  (Assigning  the  relative  weights 
with  some  further  precision  gives  30  40'  as  the  Mid.  Lat.) 

Course  4*  (Mid.  Lat.)  and  Dist.  132  give  131*7  in  the  D. Lat  col.;  this  as  Dep.,  and 
D.  Lat  83*8,  give  Course.  57*4,  Dist.  1570  miles. 

319.  By  Computation.  Find  the  Diff.  Long,  and  the  Mid.  Lat., 
to  the  log.  cos.  of  the  Mid.  Lat.  add  the  log.  of  the  Diff.  Long. :  the 
sum  is  the  log.  of  the  Dep. 

Ei.  above.     D.  Lat.  838,  D.  Long.  13 19,  Mid.  Lat  3°4o\ 

Mid.  Lat.   30  40'  log.  cos.  9*9991 

Diff.  Long.  1319  log.  3*  1202 

Dep.  1316       log.  3*1193 

The  Dep.  being  now  found  and  the  D.  Lat  given,  the  Course  and  Dist  may  be  found. 
(No.  279.) 

Construction.  Construct  the  triangle  for  turning  the  Diff.  Long, 
into  Dep.,  as  in  No.  306  (reading  Mid.  Lat.  for  Lat.).  Then  having 
the  D.  Lat.  and  Dep.  the  process  is  completed  by  drawing  the  figure 
at  for  Case  III.  of  Plane  Sailing,  p.  109. 

320.  When  the  Mid.  Lat.  is  below  5°,  and  Dist.  under  300  miles, 
w-c  No.  311. 
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Examples  for  Bxercue. 

Ei.  1.     If  «.  ship  from  Tynemouth  Castle,  in  Lat.  55°  1'  N.  and  Lone.  i°  25'  W„  ssils  S.R. 
by  S.  296  miles :  what  is  her  present  latitude  and  longitude  ? 

Ans.  Lat.  in  500  tf  N. ;  Diff.  Long.  273m. ;  Long  in,  30  8*  E. 

Cs.  2.     A  shin  from  Cape  Clear,  in  Lat.  510  *6'  N.  and  Long.  9°  29'  W.,  sails  S.W.  263 
miles :  required  her  Lat.  and  Long. 

Ans.  Lat.  480  20' ;  Diff.  Long.  288*7  »  whence  thd  Long,  in  is  14°  18*  W. 
Ex.  3.     Find  the  Course  and  Distance  between  Tynemouth  and  the  Naze  of  Norway. 

Ans.  Course  N.  57°  42'  E. ;  Distance,  331*3  miles 
£1.  4.    Required  the  Course  and  Distance  from  a  place  A,  in  Lat  51°  25*  N.  and  Long 
90  ao'  W.,  to  a  place  B,  in  Lat  360  57'  N.  and  Long  250  6'  V*. 

Ans.  Course  S.  370  45*  W. ;  Distance,  1098  miles. 

Ex.  5.     Required  the  Course  and  Distance  from  a  place  A,  in  Lat  56°  12'  N.  and  Long. 
20  36'  W.  to  a  place  B,  in  Lat  570  58'  N.  and  Long.  70  3'  *. 

Ans.  Course  N.  710  23'  E. ;  Distance,  332  miles, 
Es.  6.    Required  the  Course  and  Distance  from  A  to  B ;  Lat  0/ A  530  18' N. ;  Long,  of  A 
t^*.;  Let  of  B,  570  5*  N.;  Long.  B  70  3' *• 

Ans.  Course  N.  36"  f}'  s-  J  Dtatsnce,  349  miles. 

2.  Mercators  Sailing. 

3*21.  This  sailing  is  employed  for  exactly  the  same  purposes  at 
middle  latitude  sailing ;  but  it  is  a  perfect  method,  which  the  other 
is  not. 

The  calculations  are  performed  by  the  help  of  a  table  of  Meri- 
dional Parts,  Table  6. 

322.  To  find  the  Meridional  Difference  of  Latitude.  When  the 
latitudes  are  of  the  same  name,  take  the  difference  of  the  meridional 
parte  for  the  two  latitudes ;  when  of  contrary  names,  take  the  sum. 

Case  I.   Given  the  course  between  two  places,  and  their  latitudes, 

to  find  their  difference  of  longitude. 

Ex.  1.  (Lets.  $am§  name.)  A  ship  from  lat.  510  9'  N.  sails  8.W.  by  W.  216  milest 
required  the  Lat.  in  and  Diff.  Long. 

323.  By  Inspection.  Having  found  the  Lat.  in,  take  out  the 
meridional  parts  (Table  6)  for  it,  and  for  the  Lat.  left;  find  the 
Meridional  JDiff.  Lat.  (No.  322). 

With  the  Course,  and  Mer.  D.  Lat.  in  the  D.  Lat.  column,  find 
the  Dep. ;  this  is  the  Diff.  Long. 

By  Case  I.  No.  273,  the  Coarse  5  points  and  Diet  216  give  D.  Lav.  120  and  Dep.  1*9*61 
this  D.  Lat  subtracted  from  5 1°  9'  ghres  Lat.  in,  40°  9'  N. 

Lat  in        49°  9'  N.  Mer.  parts   3396 

Lat  left      519  3583 

Mer.  D  Lat.     187 
Tne  Course  5  points  and  D.  Lat.  187  give  Dep.  280,  or  40  40'  the  Dirr.  Long 

324.  By  Computation.  Find  the  Lat.  in,  and  the  Mer.  D.  Lat. 
To  the  log.  tan.  of  the  Course  add  the  log.  of  the  Mer.  D.  Lat;  the 
sum  (rejecting  10)  is  the  log.  of  the  D.  Long. 

Ex.  above.     Lats.  490  9'  and  51°  9',  Course  5  points. 

5  points  log.  tan.  10*1751 

Mer.  D.  Lat  187  log.     i'i7'8 

Diff.  Long.  279*8,  or  40  39'- 8  log.    2*4469 
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(ThU  U  the  canon  (3)  No.  272.  It  will  be  sumciently  understood  by  observing  that,  to 
•be  6g.  below,  CM  is  tj*  Mer.  D.  Ut,  and  M  L  the  Diff.  Long.,  and  C  M  :  M  L  ::  rad. 
*  tan.  MCL  the  course, 

This  example  is  sufficient  for  any  variety  of  the  Caae  I, 

325.  By  Construction.  Lay 
off  the  course  M  C  A,  S  5  points 
W.;  take  CA  216  the  Dist.; 
draw  A  B  perp.  to  CS:  the  fig. 
CAB  is,  thus  far,  the  case  for 
plane  sailing. 

Now  lay  off  CM  the  Mer. 
J).  Lat.  187,  and  draw  ML 
parallel  to  A  B  meeting  CA 

{produced  :    M  L  is  the  Diff.  L  ^  dm  Long, 

jong.  and  measures  280. 

This  example  of  construe-  . 

Hon  is  sufficient  for  Case  I.  |8 

Ex.  2.  A  ship  from  lat  29°  40'  N.  sails  E.N.E.  till  she  makes  72  miles  D.  Lat.  1  nod 
bar  Diff.  Long.  « 

%  bufcfam.    Course  6  points  and  D-  Lat  72  give  Dist  188  miles:  the  Lat.  in  k 

Lat  left  29°  40'  Mer.  parts   1865 

Lat  in      30   52  —         1949 

Mer.  D.  I*t      84 
Course  6  points  and  D.  Lat  84,  give  Dep.  203,  or  30  23',  the  Dipt.  Long. 

Case  II.  Given  the  latitudes  and  longitudes  of  two  places  to  find 
the  course  and  distance  between  them. 

Ex.  Find  the  Course  and  Distance  between  Ushant,  in  lat  480  28'  N.  long.  50  3'  W  f 
and  St  Michael's,  lat  370  44'  N.  long.  250  40'  W. 

326.  By  Inspection.  Take  out  the  mer.  parts  for  the  two  late. : 
find  the  Mer.  D.  Lat.  and  the  Diff.  Long. 

Enter  the  Traverse  Table  with  the  Mer.  D.  Lat.  as  D.  Lat  and 
the  D.  Long,  as  Dep. :  this  gives  the  Course. 

Then  with  this  Course  and  the  true  D.  Lat.  find  the  Dist.,  which 
is  the  distance  required. 

Ushant,  lat  480  28'  N.  Mer.  parts  3334  Long.     50  3'W. 

8t.  Mich.      37  44  2448  a$  40  W. 

10  44  Mer.  D.  Lat  886  20  37 

True  D.  Lat.  644  Diff.  Long.   1237 

Then  88*6  as  D.  Lat  and  Dep.  123-7  gWe  Co  una  a  540;  and  D.  Lat  644  gives  109$ 
*  s,  the  Dist.  required. 

327.  By  Computation  (1.)  For  the  Course.  Find  the  Mer. 
Diff.  Lat.  and  the  Diff.  Long.  From  the  log.  of  the  Diff.  Lonj£. 
(adding  10  to  the  index  if  necessary)  subtract  the  log.  of  the  Mer.  D. 
Lat. :  the  remainder  is  the  log.  tan.  of  the  Course. 

(2.)  For  the  Distance.  Find  the  course;  then  to  its  log. sec.  add 
the  log.  of  the  true  D.  Lat. :  the  sum  is  the  log.  of  the  Distance. 

Ex.  above.    M.  D.  Lat  886 ;  D.  Long.  1237 ;  true  D.  Lat  644. 
Diff.  Long.        1237  log.   3*0924       I       Course    54°  14'  log.  sec  0*2350 

Mer.  D.  Dat       886  log.   2*9474  Tr.  D.  Lat  644  log.  2-8089 

Oouass  540  24'  ***•  0-1450       J  Dist.  1106  log    3*0439 
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328.  By  Construction.  Draw  the  meridian  C  S*  through  one  of 
the  places,  say  Ushant,  and  on  it  lay  off  the  Mer.  D.  Lat.,  886  from 
C  to  M.  Draw  M  L  perpendicular  to  CS  and  equal  to  the  Diff 
Long.  1237;  join  CL,  and  SCL  is  the  Course. 

Lay  off  C  B  the  true  D.  Lat.  on  C  S,  draw  B  A  parallel  to  L  M 
and  C  A  is  the  Dist.  1 100. 

329.  When  the  lat.  is  below  5°  and  the  dist.  less  than  300  m., 
see  No.  332. 

Example*  for  Exercise. 

Kt.  1.  A  ship,  m  Lat.  3 6°  40'  S.  and  Long.  160  ic/  E.,  sails  W.N.W.  until  she  arrives  in 
Lat.  33"  10'  S. :  find  the  Diff.  of  Long,  and  also  the  Long,  come  to. 

Ans.  Diff.  Long.  620*4 W. ;  whence  the  Long,  come  to  is  6°  o'     K. 

fee.  2.  A  ship  from  Lat  420  25'  N.  and  Long.  150  6'  W.  sails  N.E.  by  E.  for  several  days, 
and  then  finds  by  observation  she  is  in  Lat.  460  40'  N. :  find  what  Diff.  of  Long, 
she  has  made ;  also  find  her  Long.  in. 

Ans.  Diff.  Long.  536;  whence  her  Long,  in  is  6°  10'  W. 

Ha.  3.     A  ship,  in  Lat.  420  30'  N.  and  Long.  5 8°  51'  W.f  sails  S.E.  by  S.  300  miles  t  find 
the  Diff.  Long.,  and  also  the  Long.  in. 

Ans.  Diff.  Long.  219  miles ;  Long,  in  550  12'  W 
Ei.  4.     Find  the  Course  and  Distance  between  Tynemouth  and  the  Naze  of  Norway. 

Ans.  Course  N.  57°4©'E. ;  Distance,  331*4  miles. 
Ei.  ft.     Required  the  Course  and  Distance  between  Tynemonth  and  Helgoland. 

Ans.  Course  S.  8i°  8'  E. ;  Distance,  324     miles. 

Ex.  6.  Required  the  Course  and  Distance  from  Diego  Ramirex,  in  Lat  5 6°  29'  8.,  Long. 
68°  43'  W.,  and  C.  Lopatka,  in  Lat.  510  2'  N.,  Long.  156*  46'  E. 

Ans.  Course  N.  460  21'  E. ;  Distance,  9346  smiles 

3.  Selection  of  Mid.  Lat.  or  Merca  tor's  Sailing. 

[1.]  Finding  the  D&.  Long. 

330.  The  difference  of  longitude  found  by  Mid.  Lat.  is  true  af 
the  equator,  and  very  nearly  true  for  short  distances  in  all  latitudes 
especially  when  the  course  is  nearly  E.  or  W.  In  high  latitudes, 
when  the  distance  is  great  and  the  course  oblique,  the  error  becomes 
considerable ;  but  the  result  way  be  made  as  accurate  as  we  please 
by  subdividing  the  distance  run  into  small  portions,  and  finding  the 
Diff.  Long,  for  each  portion  separately. 

331.  The  Diff.  Long,  deduced  by  Mid.  Lat.  sailing  is  too  small  • 
an  estimate  of  the  error  for  places  on  the  same  side  of  the  equator 
may  be  formed  by  the  help  of  a  few  cases.  Suppose  the  course  4 
points  or  45°,  and  the  D.  Lat.  10°  or  600  miles;  then  if  this  D.  Lat. 
is  made  good  in  any  latitude  below  30°  the  error  of  the  D.  Long, 
will  not  exceed  Of;  if  made  good  between  the  parallels  of  40°  ana 
50*  the  error  will  be  about  3';  and  between  60°  and  70°,  about  19*, 
or  J  of  a  degree.     For  smaller  distances  the  errors  will  be  much 

*  The  figure  in  the  preceding  page  will,  after  the  various  examples  given,  serve  suffi- 
ciently well  to  illustrate  generally  the  construction  of  this  case.  The  learner  will  merely 
observe,  that  if  the  other  place  was  to  the  northward  of  Ushant,  the  Mer.  Diff.  Lat.  C  M 
would  be  laid  off  to  the  northward  of  C.  In  like  manner,  if  the  other  place  was  to  th< 
•atiwerd  of  Ushant,  the  D.  Long.  M  L  would  be  laid  off  to  the  etutvwd,  or  to  the  right  of 
lae  meridian. 
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less,  and  for  greater  distances  much  greater,  as  they  vary  in  much 
more  rapid  proportion  than  the  distances.* 

332;  It  is  proper  to  remark  that  when  the  Course  is  large,  that 
is,  near  seven  or  eight  points,  the  D.  Long,  should  he  found  by 
middle  latitude  in  preference  to  Merca tor's  Sailing;  because,  although 
the  latter  is  mathematically  correct  in  principle,  yet  a  small  error  in 
the  Course  may,  when  the  Course  is  large,  produce  a  considerable 
error  in  the  Difference  of  Longitude. 

The  reason  of  this  is  easily  shewn.  In  mid.  lat.  sailing  we 
convert  the  departure  into  D.  Long.  The  process  increases  the  Dep. 
in  a  proportion  which  is  less  than  2  to  1  in  all  latitudes  below  60P, 
and  exceeds  3  to  1  in  latitudes  beyond  70°.  The  error  of  the  Dep.f 
increased  in  the  same  proportion,  becomes  thus  the  error  of  the  D. 
Long.  Now  when  the  course  is  nearly  E.  or  W.  the  Dcp.  is  nearly 
the  same  as  the  distance,  and  an  error  of  some  degrees  in  the  course 
does  not  affect  the  Dep.  sensibly ;  hence  in  this  case  the  error  of  the 
D.  Long,  depends  on  that  of  the  Dist.  alone. 

But  in  Mercator's  Sailing,  on  the  other  hand,  we  convert  the 
Mer.  Diff.  Lat.  into  D.  Long.,  and  the  process,  when  the  Course  is 
large,  converts  a  given  Mer.  Diff.  Lat.  into  a  D.  Long,  much  greater 
than  itself;  and  thus  increases  the  error  of  the  Mer.  Diff.  Lat.  in  the 
same  proportion.  Thus,  for  example,  at  the  course  80°  the  D.  Long, 
exceeds  the  Mer.  Diff.  Lat.  in  the  proportion  of  6  to  1 ;  at  the  course 
85°  this  proportion  is  1 1  to  1.  Now  when  the  course  is  large  a  slight 
change  in  it  sensibly  affects  the  D.  Lat.,  and  also  the  Mer.  Diff.  Lat., 
which  is  deduced  directly  from  it. 

In  high  latitudes  the  Mer.  parts  vary  rapidly,  and  the  error  of 
the  D.  Long,  is  aggravated  accordingly ;  hence  the  precept  more 
especially  demands  attention  in  high  latitudes. 

[2.]  Finding  tk*  Omwt  #r  Bsortnp 

333.  The  bearing  of  the  port  is  truly  deduced  in  low  latitudes 
and  at  short  distances  by  the  method  of  Mid.  Lats. ;  but  the  result 
eannot  be  rendered  accurate  in  high  latitudes  by  subdividing  the 
distance,  which  is  unknown,  into  small  portions:  such  cases  are 
truly  solved  by  Mercator's  sailing. 

When  the  bearing  is  large,  or  near  90°,  the  method  of  Mid.  Lats. 
should  be  preferred  to  Mercator. 

334.  The  course  or  bearing  computed  by  mid.  lat.  sailing  is  too 
great.  The  error,  however,  in  ordinary  cases,  will  be  much  less  than 
that  to  which  the  ships  course  itself  is  liable. 

335.  The  Course  as  reduced  by  Traverse  sailing,  from  several 
courses,  docs  not  afford  accurately  whether  by  Mercator's  or  Middle 
Latitude  Sailing,  the  Diff.  Long,  made  good  by  the  ship,  because  the 


*  Hie  proper  mid.  lat.  to  employ  should  be  somewhat  greater  than  the  mean  of  the  lats. 
A  Table  has  been  given,  by  Workman  ("Navigation  Improved,"  London,  1805),  shewing  the 
eorreclion  to  be  added  to  the  mean  of  the  latitudes,  in  order  to  obtain  true  results.  But 
for  common  purposes  the  usual  method,  of  which  the  recommendation  in  practice  is  its 
treat  convenience,  would  seem  to  be  near  enough,  and  when  more  precision  is  required  the 
3pmpl6te  solution  by  Mercator's  Sailing  is  effected  with  reiy  little  more  labour.   (See  No.  834.) 
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Diff.  liong.  made  good  on  any  Course  depends  entirely  upon  the 
latitude  in  which  the  ship  actually  moves. 

Ex  1.  A  ship  sails  from  Lit.  700  N. ;  1st,  N.E.  400  miles  to  Lat.  740  43',  then  8.B.  400 
miles,  when  she  returns  to  the  parallel  of  700,  having  made  Dvp.  556  miles,  anal 
D.  Long.  310  itf. 

Ex.  2.     She  sails  556  miles  on  the  parallel  of  700,  making  D.  Long.  270  34'. 

Ex.  3.  Starting  from  70°,  as  above,  she  sails  S.E.  400  miles  to  Lat.  650  1/,  then  N.E.  400 
miles  to  700,  having  made  556  miles  of  Dep.  and  D.  Long.  24°  54'. 

The  1st  and  3d  case,  reducing  the  two  courses  to  one  by  the 
Traverse  Table,  give  the  same  Course  and  Dist.  made  good  as  in 
Case  2,  viz.  East  656  miles,  or  Dep.  556 in.,  and  D.  Long.  27°  34', 
which  is  erroneous.  In  Case  1,  this  Dep.  is  made  good  in  the 
average  lat.  of  72°i  ;  in  Case  2,  in  70° ;  and  in  Case  3,  in  68°. 

It  may  appear  perplexing  to  the  student  that  the  ship  should 
return  to  the  same  parallel,  after  having  made  a  given  Dep.,  and  yet 
that  her  long.,  that  is,  her  position  in  the  parallel,  should  be  different 
in  different  cases ;  but  he  must  bear  in  mind  that  the  Dep.  has  not 
been  made  good  on  the  parallel,  except  in  Case  2.  If  he  lays  off 
a  case  of  the  kind  on  the  globe,  he  will  perceive  clearly  the  nature 
of  the  question. 

To  obtain  accurately  the  Diff.  Long,  each  course  should  there- 
fore be  separately  considered.  But,  in  general,  except  in  very  high 
lats.,  the  distances  are  not  large  enough  to  introduce  much  error  on 
this  account. 


III.  Great  Circle  Sailing. 

336.  When  the  ship  sails  on  a  rhumb  line  (No.  198),  her  track 
cuts  all  the  meridians  as  she  passes  them  in  succession,  at  the  same 
angle;  and  thus,  while  steering  a  course,  her  head  is  kept  on  the 
same  point  of  the  compass  until  she  reaches  her  intended  port.  This 
condition,  namely,  keeping  the  course  constant,  is  the  most  con- 
venient in  practice,  and,  besides,  produces  in  all  the  calculations  in 
which  the  place  of  the  ship  is  concerned  the  utmost  simplicity  of 
which  they  are  capable.  But  the  track  on  the  rhumb  line  is  not  the 
shortest  distance  measured  directly  over  the  surface  of  the  sphere 
from  one  place  to  another,  or  the  distance  "  as  the  crow  flies,"  except 
when  the  course  is  due  north  or  south,  or  east  or  west  on  the  equator. 
The  shortest  distance  between  two  points  on  the  surface  of  a  sphere 
is  the  portion  or  arc  which  they  include  of  the  circle  passing  through 
both  the  points  and  the  centre  of  the  sphere.  Such  a  circle  is  called 
a  great  circle,*  as  distinguished  from  other  circles  whose  centres  do 

•  The  great  cirole  passing  through  two  places  may  be  found  on  a  globe  by  stretching  a 
thread  evenly  between  them ;  or,  by  fuming  the  globe  about  till  the  two  places  fall  on  die 
apper  edge  of  the  wooden  rim,  or  horizon  of  the  globe,  which  thus  marks  the  circle.  The 
distance  between  the  points  may  be  measured  at  once  by  laying  the  thread  along  the  equator 
of  the  globe.  The  courses  are  found  by  measuring  the  angles  between  the  thread  and  the 
meridians ;  the  most  convenient  instrument  for  which  is  the  horn  semicircle,  or  protractor, 
as  it  is  also  called  (No.  108).  In  order  to  compare  the  great  circle  with  the  rhumb  line  tfc* 
bttcr  must  be  projected  on  the  globe. 
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not  coincide  with  the  centre  of  the  sphere;  as,  for  instance,  the 
parallels  of  latitude,  of  which  the  centres  are  in  the  axis  between  the 
centre  and  the  pole,  and  which  arc  called  small  circles.  Hence 
wiling  on  a  circle  of  the  former  kind  is  called  Great  Circle  Sail- 
ing.* On  this  course,  and  on  this  course  alone,  the  ship  steers  for 
her  port  as  if  it  were  in  sight. 

The  three  arcs  joining  two  points  on  the  surface  of  a  sphere  with 
each  other,  and  with  a  third  point,  and  having  for  their  common 
centre  the  centre  of  the  sphere,  constitute  a  Spherical  Triangle.  In 
the  problem  under  consideration  the  two  places  are  the  two  points, 
and  the  third  point  is  the  pole,  and  the  triangle  is  formed  by  the 
distance  between  the  places  and  their  colatitudes.  Some  of  the  rules 
in  this  section  may  be  employed  accordingly  in  other  problems  oi 
spherical  trigonometry. 

337.  Great  Circle  Sailing  is  adapted  principally  to  the  second 
only  of  the  two  cases,  No.  270,  or  Shaping  the  Course ;  because  the 
ship,  even  when  moving  on  a  great  circle,  must  necessarily  be  kept 
on  the  same  course  (that  is,  on  a  rhumb  line)  for  a  short  distance  at 
a  time,  and  her  place  may  then  be  deduced  by  the  rules  already 
given  in  the  preceding  section  with  incomparably  greater  con- 
venience than  it  could  by  any  rule  in  which  the  distance  made  good 
was  rigorously  considered  as  described  on  a  circle.  Although  this 
sailing  is  thus  restricted  to  one  ease,  we  shall,  for  the  sake  of  clear- 
ness, divide  the  problem  of  finding  the  course  by  Inspection  into  two 
cases,  namely,  Case  I.  in  which  the  places  are  on  the  same  side  of  the 
equator,  and  Case  II.  in  which  they  are  on  opposite  sides. 

Case  I.  By  Inspection.  (The  places  on  the  same  side  of  the 
equator.) 

(1.)  For  the  Dist.  With  the  two  lata,  enter  tbe  Spherics* 
TraTers3  Table  (Table  5),  and  take  out  M  and  N. 

With  the  complement  of  the  Diff.  Long,  as  a  Course  and  Dist. 
100  (Table  2),  find  the  Dep.,  and  write  it  under  N. 

Wb*u  the  Diff.  Long,  is  less  than  90°,  add  this  Dep.  to  N. ; 
when  the  Diff.  Long,  is  greater  than  90°,  take  the  diff.  of  the  Dep 
and  N. 

With  this  sum  (or  diff.)  as  D  Lat.  and  M  as  Dist.  find  the 
arc  in  Table  2 :  this  is  the  Distance  required  in  degrees  of  60 
miles  each 

(2.)  For  the  Course.    Having  found  the  Distance.    With  the 
lat  tn,  and  the  compl.  of  the  Dist.  in  degrees,  find  M.  and  N 
(Table  5.)  n   a   ^ 

With  the  lat.  to  as  Course  and  M  as  Dist.  (Table  2),  find  the 
Dep.,  and  write  it  under  N.  When  the  Diff.  Long,  is  less  than  90°, 
take  the  diff.  between  this  Dep.  and  N.  When  the  Diff.  Long, 
exceeds  90°,  take  the  sum  of  the  Dep.  and  N. 

With  this  diff.  (or  sum)  as  D.  Lat.  and  Dist.  100  (Table  2),  find 
the  Course. 


•  rmaikl  sailing,  for  a  like  reason,  is  sailing  on  a  mail  circle. 
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The  Course  is  to  be  reckoned  according  to  the  following  rule : 


Ditt  Jaw  than  90°  (or  5400  miles). 

Dist.  graater  than  90°  (or  5400  miles. 

Dep.  Jew  than  N. 

Course  to  be  reckoned 

in  N.  1st  from  S. 
in  S.  Ut.  from  N. 

Dep.  greater  than  N. 

Course  to  be  reckoned 

in  N.  lat  from  N. 

in  S.lat.  fromS.                      , 

\ 

Course  to  be  reckoned 

in  N.  lat.  from  N. 
in  S.lat.  from  S. 

5* 


Ex.  1.  Find  the  Distance  between  St.  Helena,  in  lat.  150  55' S.,  long.  5'44'W.,  snd 
Cape  Horn,  in  lat.  5  50  59'  S.  and  long.  670  16'  W.,  and  the  Course  from  each  place  to  the 
other. 

The  D.  Long,  between  5°44  W.  and  67°  16'  W.  is  6i°  32' ;  com  pi.  280. 

For  the  Distance. 

160  snd  560  (the  lats.)  give              M  186-0  N  42-5 

2 8°  (co-diff.  long.)  and  Dist.  100  give  Dep.  46-9 

(D.  Long,  less  than  90*.)  Sum  89-4 

The  Dist.  186*0  and  D.  Lat.  89*4  give  6i°  nearly,  or  Dist.  3660  miles.  The  comple- 
ment of  6 1°  is  290. 

For  the  Course  from  St.  Helena. 

f  6°  (Lat.  m)  and  co-Dist.  290 

M  118-9  N  15*9 

56°  (Lat.  to)  and  Dist.  1 189  Dep.  98*6 

(D.  Long.  leu  than  900.)  Dif.  82-7 

Dist.  100  and  D.  Lat.  82-7  give  34°, 
which  is  S.  34°  W.,  the  Course  required, 
because  the  Dist.  is  leu  than  oo°,  the  Dep. 
greater  than  N,  and  the  Lat.  is  south. 

By  Mercator's  Sailing  the  Course  is  500  from  either  place  to  the  other,  and  the  Distance 
»  J740  miles. 

Ex.  2.  Find  the  Distance  between  Madeira,  in  lat  320  38' N.,  long.  160  55' W.,  and 
Bermuda,  in  lat.  320  20'  N.,  long.  640  51'  W.,  and  tlie  Course  from  Madeira. 

The  D.  Long,  is  470  56' ;  the  eotnpl.  42°. 

For  the  Distance. 

320  and  330  M  140-6 

42^  (co-D.  Long.)  and  100 


For  the  Course  from  C  Horn. 

(Lat.  in)  and  co-Dist.  290 

M  204*5        N  82*1 
1 6°  (Lat.  to)  and  Dist. 204- 5         Dep.  56*3 

Ihff.  25-9 

Dist.  100  and  D.  Lat.  25*9  give  750, 
which  is  N.  75*  E.,  the  Co  u  as  it  required, 
because  the  Dist.  is  leu  than  90s,  the  Dep. 
leu  than  N,  and  the  Lat.  is  south. 


N  40-6 
Dep.  66-9 
Sum  107-5 

Dist.  141  and  D.  Lat  107*5  give  40°,  or 
1400  miles,  the  Dist.  required. 


For  the  Course. 

330  (Mad.)  and  co-Dist.  500 
M  185-5 
320  (Berm.)  and  185*5 


N7/-4 
Dep.  jjf-j 

Diff.  10*9 

Dist.  100  and  D.  Lat  20*9  give  780, 
which  is  N.  78°W.,  the  Coursb  required, 
because  the  Dist.  is  leu  than  90,  the  Dep. 
greater  than  N,  and  the  Lat.  north. 

Ex.  3.  Find  the  Distance  between  a  point  in  long.  1800  on  the  equator,  and  another  in 
Ut  *.o°  X.,  long.  140°  W.,  and  the  Courses  between  these  points. 

For  the  Distance.  Lats.  o*  and  40*  give  M  130*5  and  N  o.  Then  500  (the  co-D.  Long.) 
and  Dist.  100  give  Dep.  76*6 ;  the  sum  of  N  and  this  is  76*6,  and  Dist  130*5  with  D.  Lat 
76-6  gives  54°,  or  Dist.  3240  miles. 

For  the  Course  from  Lat.  o°.  o°  and  the  co-Dist.  36°  give  M  123*6,  N  o ;  400  and  124 
give  Dep.  79*7  3  Dist  100  and  D.  Lat  79*7  give  37°,  which  is  N.  370  E.,  the  Coursb 
required. 

For  the  Course  from  Lat.  400.  400  and  3  6°  give  M  161*4,  N  61-0;  o  and  Dist.  161 
give  Den.  o ;  Dist  100  and  D.  Lat  61*0  give  520.  which  is  S.  51°  W„  the  Course  required 
ts  the  Dep.  o  is  less  than  N. 
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338.  Case  II.  By  Inspection.  (The  places  on  apposite  sides  of  the 
equator.) 

(1.)  For  the  Distance.  With  the  two  lats.  take  out  M  and  N. 
vTable  5.) 

With  the  complement  of  the  D.  Long,  as  Course  (Table  2)»  and 
Dist.  100,  find  the  Dep. 

When  the  J).  Long,  is  less  than  90°,  take  the  difference  between 
this  Dep.  and  N  ;  when  the  D.  Long,  is  greater  than  90°,  take  the 
sum. 

With  this  diff.  or  sum  as  D.  Lat.  and  M  as  Dist.  find  the  Course 
ui  arc  in  Table  2. 

When  the  D.  Long,  is  less  than  90°.  If  the  Dep.  is  greater 
I  dan  N,  this  arc  is  the  Dist.  required ;  if  the  Dep.  is  less  than  N, 
take  the  supplement. 

When  the  D.  Long,  is  greater  than  90°,  take  the  supplement  of 
tne  arc. 

(2.)  For  the  Course.  Having  found  the  Distance,  with  the  Lat. 
i*  and  the  complement  of  the  Dist.  to  90°,  find  M  and  N. 

With  the  Lat.  to  as  course  and  M  as  Dist.  (Table  2),  find  the 
Dep. 

When  the*  D.  Long,  is  less  than  90°,  take  the  sum  of  this  Dep. 
and  N ;  when  the  D.  Long,  is  greater  than  90°,  take  the  difference. 

With  this  sum  or  diff  as  D.  Lat.  and  Dist.  100  (Table  2),  find 
the  Course,  which  is  to  be  reckoned  as  follows: — 


Dirt,  let  than  90°  (or  5400  miles.) 

Dist  grmder  than  90°  (or  5400  miles  ) 

Course  to  be  reckoned 

in  N.  lat.  from  S. 
in  S.  lat  from  N. 

1 

Dep.  last  than  N. 

Dep.  greater  than  N. 

Course  to  be  reckoned 

in  N.  lat.  from  N. 
in  S.  lat.  from  S. 

Course  to  be  reckoned 

in  N.  lat  from  S. 
in  S.  lat.  from  N. 

Ex.1.     Find  the   Distance  between  C.  Palraas,  in  lat.  4°ia'N.  long.  7°4+'W.,  and 
i\.  Frio,  in  lat.  230  o'  S.  long.  410  57'  W.,  and  the  Course  from  each  place  to  the  other. 

The  D.  Long,  is  340  13' ;  the  complement  is  650. 

For  the  Distance. 

4°  and  230  (lats.)  give                M  108-9  **     jv 

560  (co-Diff.  Long.)  and  100  Dep.  819 

(D.  Long,  let  than  900.)  Diff.  79-9 

Dist.  109  and  D.  Lat.  79*9  give  430,  or  Dist.  2580  miles ;  the  com  pi.  is  470. 


»3°(( 
4i(C 


For  the  Course  from  C.  Frio. 
C.  Frio)  and  470    M  159-3,  N  455 


Pal.)  and  1 59 


For  the  Course  from  C.  Palmas. 

40  (C.  Pal.)  and  470     M  147*0,  N     7' 5 
2 30  (C.  Frio)  and  147  Dep.   57-4 

(D.  Long,  let  than  900.)  Sum  64-9 

Dist.  100  and  D.  Lat  64*9  give  49°, 
«rhkh  is  S.  4p°W.,  the  Course  required, 
because  the  Dist  is  lest  than  90°  and  the 
Lat .  is  north.  ' 

Ei.  2.  Find  the  Courses  snd  Di«tance  between  Diego  Rami  re*,  in  lat.  56°  29'  S.  kmf 
68^43' W.,  •"'I  C-I-opatka.  in  lat  5i°»'N.  long.  156° 46' E.  The  D.  Long,  is  iJ4°S«' 
the  co-D.  Long.  430. 


Dep.   is  $ 

Sum  58-0 

Dist  100  and  D.  Lat  58*0  give  55°, 
which  is  N.  550  E.,  the  Course  required, 
because  the  Let.  is  south. 
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For  the  Distance.  510  and  56^°  give  M  2X8-0,  N  1866.  Then  44^°  and  Dist.  100  tw 
Dtp.  70*1 ;  the  sum  of  N.  and  Dep.,  or  2567  aa  D.  Lat.,  and  Dist.  288,  five  27°.  or  DiVr 
1 5  30,  or  9180  miles :  the  co-dist.  is  630. 

For  the  Coarse  from  Diego  Ramirez.  56}0  and  630  give  M  399' 1,  N  296  6;  510  awl 
399  give  Dep.  310*0;  the  dif.  13-4  and  Dist  100  give  8i°:  Coubsb,  N.  8i°  W. 

For  the  Coarse  from  C.  Lopatka.  510  and  630  give  M  350*0,  N  242*4;  564°  and  350 
give  Dep.  291*8;  the  dty.  49*4  and  Dist.  100  give  6o°:  Course,  S.  6o°E. 

339.  To  find  the  Courses  and  the  Distance  between  the  places 
by  Computation.  Find  the  co-latitudes  of  the  places.  If  the  places 
are  on  different  sides  of  the  equator,  add  90°  to  "the  latitude  of  one 
of  them  for  its  co-latitude.     Find  the  D.  Long.,  and  take  half  of  it. 

(1.)  For  the  Courses.  Take  half  the  sum  of  the  colats.  and  half 
their  diff.  Add  together  the  log.  cot.  of  half  the  D.  Long.,  the 
log.  sec.  of  the  half  sum,  and  the  log.  cos.  of  the  half  difference:  the 
sum  (rejecting  tens)  is  the  log.  tang,  of  half  the  sum  of  the  two 
courses. 

When  the  half  sum  of  the  colats.  exceeds  90°,  take  the  supple- 
ment of  the  resulting  arc  for  the  half  sum  required. 

To  the  same  log.  cot.  add  the  log.  cosec.  of  half  the  sum  of  the 
eolats.,  and  the  log.  sine  of  half  their  diff. ;  the  sum  (rejecting  tens) 
is  the  log.  tan.  of  half  the  difference  of  the  two  courses. 

The  sum  of  the  half  sum  and  half  diff.  of  the  two  courses  is  the 
course  from  the  place  in  the  smaller  of  the  two  co-latitudes  to  the 
other;  the  difference  of  the  said  half  fans  and  half  diff.  is  the  other 
course. 

The  course  is  to  be  reckoned  from  the  N.  point  in  north  latitude, 
and  from  the  S.  point  in  south  latitude. 

Ex.  1 .  Find  the  Courses  on  the  great  circle,  between  St.  Helena,  in  Int.  1 50  55'  S.,  long. 
5°  44'  W.f  and  C.  Horn,  in  lat.  55°  59'  &,  long.  670  16'  W. 

The  D  Long,  is  6i°  32' ;  half  D.  30^  46'. 
Colat.  340  1'    (C.Horn)     30°  46'    cot.  02252  0*1252 

Colat  74    5    (St  Helena) 

Sum  108    6         half  sum  54     3    sec.  023 1 3  cosec.  009 1 8  cos.    97687 

Diff.    40   4  half  diff.   20    2     cos.  9  9739  sin.      9  5347  sin.    9*7089 

69°35'   tan.  04294   35*24'  tan.  9-8517*  690  35'  «*•  10-4574 

35  24  3°   34    cos.  9  9350 

Course,    S.  104  59  E.  from  C.  Horn,  or  N.  75°  1'  E.    2_ 

Course,    S.    34  11  W.  from  St  Helena.  61    8-3668  m.* 

Ex.  2.  Find  the  Courses  on  the  great  circle  between  Diego  Ramirez,  in  lat.  560  29'  S., 
1<  ng.  68°  43'  W.,  and  C.  Lopatka,  in  lat.  510  2'  N.,  long.  1560  46'  E. 

The  D.  Long,  is  I34°3i';  theco-lnts.  33°3i'and  I4i°2'.  The  half  sum  of  the  required 
courses  is  79°  8',  and  the  half  diff.  18°  42'.  The  sum  of  these  is  the  Coubsb  from  colat. 
33°  31'.  or  Diego  Ramirez,  S  97°  50'  W.,  or  N.  820  10'  W.;  the  diff.  is  the  Coubsb  from 
C.  Lrpatka,  or  S.  6o°  26'  E. 

(2.)  For  the  Distance.  By^b  >ve  method,*  or  take  the  supplement 
of  the  Diff.  Long,  to  I2h  or  180°.      Add  together  the  two  co-lats. 

Add  together  the  log.  sine  square  of  the  said  supplement,  and  the 
log  sines  of  the  co-latitudes :  the  sum  (rejecting  tens)  is  the  log.  sine 
square  of  an  auxiliary  arc  &.f 

Write  x  under  the  sum  of  the  colats.,  and  take  the  sum  and 
difference,  and  the  half  sum  and  half  difference. 

Add  together  the  log.  sines  of  the  last  two  terms:  the  sum 
(rejecting  tens)  is  the  log.  sine  square  of  the  Distance  required. 

f  Log  sine  square  is  identical  with  the  log.  harersine-of  Inman's  tables. 
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Ex.    Find  the  Distance  between  St.  Helena,  in  lat.  1 5°  55'  S.,  long.  50  41'  W\,  and 
G.  Horn,  in  lat  55°  59'  8.  and  long.  670  \G  W. 

Diff.  Long.    61*32' 

SuppL  118  28  log.  sin.  sq.  9*868247 

Colat.  34     I  log.  sin.        9747749 

Colat.  74     S  log.  sin.        9983022 

Sum  Io5    6 

Arc  x  78     8  log.  sin.  sq.  9-599018 

Sum  186  14 

Diffi  29  58 

JSnm  93     7  log.  sin.        9*999357 

i  Diff.  14  59  log.  sin.        9412524 

Dist.  6l°  4',  or  3664 miles,    log.  sin.  sq.  941 1881 
The  Distance  by  Mercator's  Sailing  (No.  827)  is  3736  miles,  or  72  more. 

340.  The  course  on  the  rhumb  line,*  from  one  of  two  places  to 
the  other,  is  exactly  the  opposite  of  the  course  to  that  place  from 
the  other ;  while,  on  the  great  circle,  as  appears  from  the  preceding 
examples,  these  courses  are  very  different.  The  ship,  while  on  the 
rhumb  line,  is  always  changing  the  direction  of  her  head  with 
respect  to  her  port,  for  which  she  never  steers  exactly  until  it  is  in 
sight,  because  this  track  cuts  all  the  meridians  at  the  same  angle, 
and  the  meridians  themselves  are  not  parallel  to  each  other ;  but  on 
a  great  circle  she  steers  directly  for  her  port,  while,  as  the  angle 
made  by  her  track  with  the  meridians  is  perpetually  varying,  the 
direction  of  her  head  appears  by  the  compass  to  be  continually 
changing.  This  track,  accordingly,  is  the  only  one  on  which  the 
ship  nears  her  port  by  the  whole  amount  of  distance  which  she 
makes  good  from  instant  to  instant. 

Great  circle  sailing  includes  the  case  of  sailing  on  a  meridian  or 
due  N.  and  S.,  and  on  the  equator,  because  the  meridians  and 
equator  are  great  circles. 

341.  While  sailing  at  the  same  rate  on  the  same  rhumb,  the 
ship  always  changes  her  latitude  by  the  same  quantity ;  but  while 
sailing  at  the  same  rate  on  the  great  circle  she  may  change  her 
latitude,  not  only  by  unequal  quantities,  but  in  opposite  directions. 
For  example,  suppose  the  polar  seas  navigable,  then  the  shortest 
way  for  the  ship  to  go  from  a  point  in  the  arctic  circle  (or  any  other 
parallel  of  north  latitude)  to  another  point  180°  of  longitude  from  it, 
and  in  the  same  latitude,  would  be  to  cross  the  pole ;  in  which  case 
she  would  first  steer  north  and  then  south,  whereas  on  the  rhumb 
line  she  would  constantly  steer  east  or  west. 

342.  The  track  on  the  great  circle  and  that  on  the  rhumb  line 
differ*  most  widely  from  each  other  in  high  latitudes,  and  between 
places  on  nearly  the  same  parallels.  On  the  other  hand,  when  the. 
places  are  on  opposite  sides  of  the  equator,  the  great  circle  and 
rhumb  line  intersect  each  other,  and  the  difference  between  them  is 
not  so  conspicuous.  In  low  latitudes,  and  in  all  latitudes  when  the 
course  is  nearly  on  a  meridian,  the  two  curves  nearly  coincide. 

343.  If  the  arc  of  the  great  circle  passing  through  the  two  places 
(not  being  both  on  the  same  mcridiin  or  on  the  equator^  be  pro- 

*  Also  call.d  the  luzodromic  curve. 
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A uoed  beyond  them,  and  carried  round  the  globe,  it  will  pass  through 
two  points  diametrically  opposite  in  latitude  and  longitude,  which  we 
have  called  vertexes,  each  of  them  being  ihe  highest  point  in  latitude 
N.  and  S.,  passed  through  by  the  circle.  The  vertex  is  90°  from 
the  point  where  the  great  circle  between  the  places  (or  produce  J 
beyoud  them)  cuts  the  equator. 

When  the  course  shaped  on  the  great  circle  from  each  place  is 
less  than  90P  (reckoning  both  courses  from  the  nearest  pole),  the 
vertex  falls  between  the  places.  At  this  point  the  ship,  neither  in- 
creasing nor  diminishing  her  latitude  for  a  time,  steers  E.  or  W. 
But  when  the  course  from  one  of  the  places  exceeds  90*,  the  vertex 
of  the  circle  falls  outside  the  arc  joining  them. 

344.  To  find  the  Latitude  and  Longitude  of  the  Vertex. 

(1.)  For  the  Latitude.  To  the  log.  cos.  of  the  lat.  of  one  of  the 
places  add  the  log.  sine  of  the  course,  on  the  great  circle,  from  this 
place  to  the  other:  the  sum  is  the  log.  cos.  of  the  lat.  required. 

(2.)  For  the  Longitude.  Add  together  the  log.  cosec.  of  the 
latitude  already  employed,  and  the  log.  cot.  of  the  course  already 
employed :  the  sum  is  the  log.  tan.  of  the  D.  Long,  between  the 
vertex  and  the  place  worked  from. 

Ex.  1.     Find  the  rertex  of  the  great  circle  passing  through  Rio  do  Janeiro,  in  lat. 
ai°  55'  S.  long.  430  9'  W.,  and  the  Cape  of  Good  Hope,  in  lat.  340  21'  S.  long.  180  30'  E. 

The  Coarse  from  Rio  is  S.  630  12'  E.,  that  from  the  Cape  S.  840  54'  W. ;  each  of  the* 
courses,  reckoned  from  S.,  being  less  than  900,  the  vertex  fails  between  the  places. 


Latitude. 

Rio,  lat.    220  55'  cos.*  9*9643 

Course       63    12  sin.   9*9506 

Lat.  34c4*'  cos.   9*9149 


Longitude. 

220  55  cosec.  0*4096 

63    12  cot.      9*7034 

D.Long.     520  23'       tan.  01130 

Rio  43     9  W. 

.Long.       9   14  E. 


Ex.  2.     Find  the  vertex  on  the  great  circle  passing  through  St.  Helena  and  C.  Horn. 

By  Ex.  No.  339,  the  Course  from  St.  Helena  is  S.  340  n'W.,  that  from  C.  Horn  is 
6.  104°  58'  E. ;  since  one  of  these  courses  exceeds  90°,  the  vertex  falls  without. 

Ans.  Lat.  <7°  17'  S. ;  Long.  850  io'W. 

845.  When  the  ship  sails  on  a  great  circle  between  two  places 
on  the  same  side  of  the  equator,  she  is  always  in  a  higher  latitude 
than  if  she  had  sailed  on  the  rhumb  line;  hence,  since  both  tracks 
coincide  at  their  extremities,  there  must  be  a  point  in  the  great 
circle  at  which  its  distance  from  the  rhumb  line,  measured  on  a 
meridian,  is  greater  than  anywhere  else  ;  this  point  we  shall  call 
the  point,  of  Maximum  Separation  in  Latitude. 

When  the  ship  crosses  the  equator,  there  are  two  such  points, 
the  one  being  to  the  northward  of  the  rhumb  line  in  north  lati- 
tude, and  the  other  to  the  southward  of  the  rhumb  line  in  south 
latitude. 

346.  The  track  of  the  great  circle  between  any  two  points 


*  As  none  but  the  logarithmic  sines,  cosines,  &o.  are  employed  in  this  work,  except  in 
No.  254,  we  shall  henceforth,  for  brevity, dispense  with  the  abbreviatiou  log.  in  the  examples. 
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may  be  conveniently  shewn,  by  determining  the  latitude  of  its  point 
of  intersection  with  each  of  a  certain  number  of  intervening  meri- 
dians, the  degree  of  exactness  being  increased  according  to  the 
number  of  meridians  taken. 

To  find  the  latitude  of  the  point  where  the  great  circle  passing 
through  two  places  intersects  any  given  meridian, 

Find  the  position  of  the  vertex  (No.  344). 

To  the  log.  tan.  of  the  lat.  of  the  vertex  add  the  log.  cos.  of 
the  difference  of  long,  between  it  and  the  given  meridian,  and 
the  sum  is  the  log.  tan.  of  the  required  latitude. 

Ex.  Fiod  the  latitude  of  the  point  where  the  great  circle  passing  through  St  Helena 
and  Cape  Horn  intersects  the  meridian  of  30°  W, 

Vertex  (Ex.  2. 3-14)  lat.  570  if  &,  long.  85°  10'  W. 

Latitude    57°  17'  tin 0'922 

Diff.  Longitude   55    10  cos 9  756? 

Required  Latitude  41    39  tan 9  9490 

The  log.  ten.  of  the  lat.  of  the  vertex  beinir  corstant,  the  lats.  of  the  points  of  Infer* 
section  of  the  great  circle  with  any  desired  nuiutxr  of  meridians  may  thus  be  rapidly 
•ompoted. 

347.  To  facilitate  the  practice  of  Great  Circle  Sailing, 
Mr.  J.  T.  Towson  in  1847  devised  a  method  by  which,  using  a 
diagram  and  a  table,  the  successive  courses  on  the  great  circle 
can  be  found  without  the  labour  of  calculation.* 

The  manner  of  projecting  the  track,  and  of  measuring  the 
distance  on  Mercator's  chart,  are  described  in  Chap.  V.  Other 
matters  demanding  consideration  when  it  is  proposed  to  make 
a  voyage  on  a  great  circle,  are  treated  in  the  division  of  the 
work  appropriated  to  Navigating  the  Ship.t 

*  Towpoh's  Tables  for  facilitating  Great  Circle  Sailing.  Sold  by  J.  D.  Potter, 
145  Mi  nones,  London,  £. 

f  The  Azimuth  and  Star-azimuth  Tables  of  Burdwood  and  Da  vis  also  facilitate  Great 
Circle  Sailing.  The  lat.  in  being  taken  as  the  Lat.,  the  lat.  of  the  port  bound  to  as  the 
Pec.,  and  the  diff.  long,  as  the  Hour-angle,  gives  the  Azimuth,  which  will  be  the  True 
Course.  From  these  the  Great  Circle  Course  may  be  projected  on  the  Chart.  See  Burd- 
wood and  Davis'  Azimuth  Tables,  published  by  Potter,  146  Minories. 

Ex.,  a  ship  bound  from  Cape  King,  entrance  of  Yedo  Bay,  to  San  Francisco.  Cape  King, 
i«t.  34°  54'  N.,  long  1390  53'  E.  San  Francifcco,  lat.  370  48'  N.,  long.  122° 29'  W.  Diff 
knff-  970  38',  or  6h  30"  32'. 


-at.  in. 

Lat.  bound  to. 

Diff.  loner. 
u  Hour-tingle. 

Aiimutb  or 
TrueCouwe. 

Cutting  Her.  of 

35° 

380 

6h30w 

N.    540  E. 

1500  E  in  lat  41' 

41 

38 

5  50 

N.    61    E. 

100   E.     „        45 

45 

3f 

5  'o 

N.    68    E. 

170   E.     ,.       48 

4* 

38 

4  30 

N     75   & 

180           „        49 

49 

38 

3  5o 

N.    83  E. 

170  W.     „       50 

SO 

38 

3  Jo 

N.    91   E. 

160  W.     „       50 

5° 

38 

2  30 

N.  100  E. 

150  W.    „        49 

49 

3! 

1  50 

N.  109  E. 

140  W.     „       47 

47 

38 

1  10 

N.  119   E. 

130  W.     „       43 

43 

•>8 

•••  ••• 

N.  131    E. 

San  Fr.tncisco. 

CHAPTER  IV. 

Taking  Departures. 

I    Bta  Singlb  Bearing  and  Distance.    II.  Determination  of 
Distance.    III.  Methods  by  the  Chart. 

348.  Determining  the  place  of  the  ship  with  reference  to  a 
point  of  land,  or  other  position  of  known  latitude  and  longitude, 
is  called  Taking  a  Departure. 

Tho  position  of  the  ship  with  respect  to  a  point  of  land  or 
other  fixed  and  conspicuous  object  is  defined  by  the  direction  in 
which  she  lies,  and  her  distance  from  it. 

The  direction  or  bearing  of  the  ship  from  the  land,  being  the 
opposite  of  the  bearing  of  the  land  from  the  ship,  is  furnished  at  once 
by  the  compass,  or  it  may  be  found  by  observation  of  an  Astrono- 
mical Bearing  ;  but  the  distance  from  the  point,  when  it  cannot  be 
estimated  or  guessed  with  sufficient  precision,  must  be  deduced  by 
means  of  some  further  observation,  taken  at  the  same  time  as  the 
bearing,  or  after  an  interval. 

When  a  former  position  of  the  ship  herself  is  adopted  as  a  point 
of  departure,  the  direction  (or  course)  and  the  distance  are  deduced 
from  the  reckoning. 


I.  By  a  Single  Bearing  and  Distance. 

349.  The  object  being  set  by  the  compass,  its  distance  is  csti 
mated  by  the  eye. 

This,  which  is  the  common  method  of  taking  departures,  is  neai 
enough  when  the  distance  is  small ;  but  the  error  or  uncertainty  ir. 
the  estimation  of  the  distance,  which,  perhaps,  may  be  stated  gene- 
rally at  one-fifth  of  the  whole,  becomes  considerable  when  the  dis- 
tance is  great.     Distances  thus  estimated  are  generally  overrated. 


II.    Determination  of  Distance. 

1 .  By  two  Bearinys  of  the  same  Object. 

360.  When  the  ship's  path  lies  across  the  line  of  direction  of  tha 
object,  the  distance  can  be  obtained  by  two  bearings  and  (he  distance 
run  by  the  ship  in  the  interval  of  time  between  them 
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Take  the  bearing  of  the  object,  and  note  the  number  of  points 
contained  between  it  and  the  ship's  head.  After  the  bearing  has 
altered  not  less  than  two  or  three  points,  note  the  number  of  points 
in  the  same  angle  again. 

Norm.     The  coarse  and  distance  between  the  positions  most  be  those  actually  math 

(1.)  To  find  the  distance  when  the  last  bearing  was  taken. 

Enter  Table  7  with  the  first  number  of  points  at  the  top  and 
the  second  number  of  points  at  the  side ;  take  out  the  number 
corresponding,  and  multiply  it  by  the  number  of  miles  made 
good  by  the  ship :  the  result  is  the  disk  in  miles  at  the  time  the 
last  bearing  was  taken.* 

Ex.  The  Eddystone  bore  N. W.  by  W. ;  after  running  W.  by  8.  8  miles,  it  bore  N.N.E.: 
required  its  Dist  at  this  last  bearing. 

The  number  of  points  between  N.W.by  W.  and  W.  by  8.  is  4  ;  that  between  N.N.E. 
and  W.  by  S.  is  1 1  ;  under  4  at  the  top  and  against  1 1  at  the  side  stands  072,  which 
multiplied  by  8  (miles),  gives  5*8  miies,  the  Dist.  required. 

The  student  can  easily  supply  a  figure. 

(2.)  To  find  the  distance  when  the  first  bearing  was  taken. 

Enter  the  Table  with  the  supplement  (or  difference  from  16 
points)  of  the  second  number  of  points  at  the  top,  and  the  supple- 
ment of  the  first  number  of  points  at  the  side;  take  out  the  multi- 
plier, and  proceed  as  above  directed. 

Ex.  Find  the  Distance  of  the  Eddystone  at  the  time  the  first  bearing  (or  N.W.  by  W. 
above)  was  taken. 

The  second  number  of  points  is  1 1,  the  supplement  of  which  is  5 ;  the  first  number  is 
4  p'  ints.  the  supplement  of  which  is  12  ;  then  5  at  the  top  and  12  at  the  side  give  the 
number  0*85,  which  multiplied  by  8  gives  6*8  miles,  the  Dist.  required. 

When  the  number  of  points  between  the  object  and  the  ship's 
head  at  either  observation  is  8,  that  is,  when  the  bearing  is  at  right 
angles  to  the  course,  the  distance  may  be  found  by  the  Traverse 
Table,  by  entering  the  table  with  the  number  of  points  at  the  other 
observation  as  a  course,  and  the  distance  run  as  D.  Lat. ;  the 
corresponding  Dep.  is  the  distance  of  the  object  when  observed  at 
90°  from  the  course. 

351.  If  the  time  be  noted  when  an  object  is  4  points  on  the 
bow,  and  again  when  it  is  right  abeam,  the  distance  run  in  the 
interval  on  the  same  course  is  evidently  equal  to  the  distance  off 
the  object  when  abeam.  This  case  is  called  the  Four-point  bearing. 
It  is,  however,  only  a  case  of  the  general  problem.  If  a  ship 
having  a  point  of  land  or  other  object  at  any  angle  on  the  bow, 
proceeds  steering  the  same  course  till  a  position  is  reached  where 
the  angle  on  the  bow  is  doubled,  the  distance  from  the  object  at 
the  last  position  is  equal  to  the  distance  between  the  two  positions. 
The  case  is  most  favourable  when  from  the  positions  chosen  the 
object  is  30°  before  and  30°  abaft  the  beam ;  the  triangle  is  then 
equilateral. 

*  This  Table  was  constructed  at  the  suggestion  of  Sir  F.  Beaufort,  and  firbt  appeared 
In  the  Nautical  Afayazinc,  vol.  i.  p.  208 
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The  error  of  the  required  distance  produced  by  an  error  in  the 
dist.  run,  is  a  matter  of  simple  proportion.  For  example,  if  the 
dist.  run  be  -^  of  itself  in  error,  the  distance  required  will  also  be 
TV  of  itself  in  error*  Hence  the  dist.  run  should  not  be  much  less 
than  the  distance  required. 

2.  By  Sound. 

352.  An  excellent  mode  of  determining  the  distance  is  obtained 
by  noting  the  number  of  seconds  elapsed  between  seeing  the  Hash  of 
a  gun  and  hearing  the  report.  Sound  travels,  in  a  calm,  about  1 130 
feet  in  one  second  at  a  temperature  of  66°  Fahr.;  hence  it  is  easy  to 
deduce  the  following  approximate  rule. 

Divide  the  seconds  elapsed  by  5,  and  subtract  from  the  quotient 
^  of  itself;  the  result  is  the  Dist.  in  miles  very  nearly. 

Ex.  The  mean  of  the  intervals  given  b j  4  guns  fired  from  0.  Shilling  was  14*1 
required  the  Dist.  of  the  ship. 

5) '4'' 
2-8 
1  -twelfth  of  2 •  8         •! 
Dist.        **6 
This  method  is  capable  of  much  precision  when  the  gun  and  the 
ear  are  at  the  same  temperature  and  at  the  same  height.*     A  mode- 
rate breeze  in  the  direction  of  the  sound  causes  a  variation  of  about 
20  feet  a  second  in  the  velocity ;  a  strong  breeze  more. 

3.  By  the  Altitude  of  High  Land. 
[1.]  When  the  Object  is  teen  on  the  Sea -Horizon. 

353.  The  distance  of  the  visible  horizon  from  the  spectator  is 
equal  to  the  true  depression  or  dip  of  the  eye  in  Table  8,  increased 
by  about  ^  of  itself,  t  Thus,  if  the  eye  be  twenty  feet  above  the  sea, 
the  horizon  is  distant  five  miles  and  about  half  a  mile  more. 

When,  therefore,  the  sea-horizon  is  seen  beyond  the  object,  the 
distance  of  the  latter  is  less  than  the  depression. 

364.  When  the  summit,  or  any  other  point  of  known  height  of 
an  object  situated  beyond  the  sea-horizon  is  seen  on  this  line,  its  dis- 
tance is  at  once  known ;  for  since  the  eye,  the  horizon,  and  the  object 
are  in  the  same  straight  line,  the  same  horizon  corresponds  to  both 
the  height  of  the  eye  and  that  of  the  object;  the  distance,  therefore, 
between  these  two  points  is,  by  No.  205,  the  sum  of  the  depressions 
corresponding  to  the  two  heights. 

Ex.  From  the  mast-head,  87  feet  above  the  sea,  the  Lizard  Light,  the  height  of  which  is 
123  feet  above  low-water  mark,  is  seen  on  the  horizon :  required  its  distance. 

The  dip  (Table  S)  to  87  feet  is  10',  that  to  223  is  16' ;  the  turn  26  increased  by  ^  of  26, 
ar  2',  is  28  miles  the  Dist.  required. 


*  The  uncertainty  to  which  this  method  it  liable  (though  not  worth  notice  in  navi- 
gation) may,  when  precision  is  required,  be  removed,  in  the  ordinary  state  of  the  atmo- 
sphere, by  firing  a  gun  at  each  extremity  of  the  line,  and  taking  the  mean  of  the  observed 
intervals. 

t  In  this  and  the  follow  inp  rules  ^  is  used  instead  of  ^  (sec  No.  207),  because  12  if 
tn  easier  divisor  than  14.    The  diffeieuce  is  not  worth  notice. 


140  NAVIGATION. 

This  method  will  often  be  useful,  but  from  the  great  un- 
certainty of  terrestrial  refraction  it  is  impossible  to  assign  with 
precision  the  degree  of  dependanco* 

[2.]   When  the  Object  u  seen  whore  the  8m-  Hon  so*. 

366.  Case  I.  When  the  height  of  the  summit,  or  other  point  of 
nigh  land,  is  known,  its  distance  is  found  by  means  of  the  altitude 
observed  above  the  sea-horizon  with  a  quadrant  or  sextant.* 

356.  The  Observation.  Observe  the  altitude  of  the  summit,  and 
estimate  its  distance  in  miles. 

When  the  altitude  exceeds  3°  see  No.  359. 

367.  The  Compvtation.  Alt.  under  3°.  (1.)  Correct  the  alt.  for 
index  error  (No.  496),  and  subtract  from  it  /*  of  the  estimated 
distance;  the  remainder  is  the  true  alt. 

When  the  height  of  the  eye  exceeds  30  feet,  add  ^  of  the  cor- 
responding Depression ;  the  sum  is  the  true  altitude. 

(2.)  From  the  true  alt.  subtract  the  true  Depression  to  the  height 
of  the  eye,  Table  8 :  note  the  remainder. 

To  the  square  of  the  Depression  corresponding  to  the  height  of 
the  summit  add  the  square  of  the  remainder  (which  is  found  at  once 
in  the  column  headed  "  Square/'  against  the  remainder  as  a  De- 
pression). Look  for  the  sum  in  the  column  headed  "  Square,"  and 
take  out  the  Depression  corresponding;  from  this  take  the  remainder: 
the  result  is  the  distance  of  the  summit  in  miles.f 

Ex.  1.    The  alt.  of  a  hill  1000  feet  high  is  obtenred  56' ;  corr.  for  index  error,  —3' ;  th* 
height  of  the  eye,  20  feet ;  estimated  Dist  8  league*,  or  04  miles :  required  its  Distance. 

Deducting  ^  of  24,  or  2',  and  3'  error,  leaves  true  alt.  51'. 


True  alt.  5 1' 

True  Depr.  to  20  ft.  —  $ 

Rem.     46 


Square  of  Depr.  to  2000  ft.  2304 
Ditto  of  Rem.  46'  +21 16 

Depr.     67'  Square  4420 
Rem.  —46 

Dist.  required  21'  or  miles. 


Ex.  2.  April  19th,  1829,  Mr.  Fisher  observed  from  the  poop  of  H.M.S.  Spartiate,  74, 
the  alt  of  Mount  Etna,  i°  26'  30";  index  corr.  +  1'  30" ;  height  of  eye,  30  feet;  estimate* 
■1st.  20  leagues :  required  its  Distance.     Height  of  Etna,  10900  feet 

I°26' 

-3 


X  of  60',  -s'l 
lnd.  cor.  +  2  f 


Alt.  1   23 

True  Dep.  to  30  ft.    —6 

Rem.         1    17  or  77' 
The  distance  by  the  chart  was  57  miles. 


Square  of  Depr.  to  10900  ft.   12321 
Ditto  of  Rem.  7/  +  5929 

Depr.     135'  Square  18250 

Rem.    —77 
Dist.  required   58'  or  miles. 


358.  When  the  distance  is  too  great  for  estimation,  and  the  altitude 
low,  the  computation  must  be  repeated. 

Ex.  Captain  Beechey  observed  from  H.M.S.  Sulphur,  the  Peak  of  Teneriffe  clearly 
denned  against  the  setting  sun ;  mean  of  3  alts,  on  the  arc,  19'  32";  off  the  arc,  19'  50";  the 

*  In  this  instance,  reference  is  necessarily  made  to  the  use  of  instruments  which  belong 
principally  to  Nautical  Astronomy,  and  are,  therefore,  described  in  that  subject,  Chap.  II. 

t  When  the  height  of  the  eye  exceeds  SO  feet,  subtract  from  the  sum  of  the  two  squarct 
^above)  the  square  of  the  corresponding  Depression.  F*ntn  the  nature  of  the  ooccrrattou*  it 
U  enough  to  work  to  minutes  only. 
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•can,  19  41   ;    height  of  the  eye,  18  feet;    height  of  the  Peak,  12171  feet:  required  its 

ftwtance. 

Alt.  20'  Square  of  Depr.  to  12200ft.   13689 

Depr.     —4  Ditto  of  Rem.  16'  ♦  256 

Bern.        76  Depr.    1 18'      Square  1394^ 

—  16 

D18T.  required  102'  or  mUea. 

Uaiiig  this  now  as  an  ftimaied  distance,  and  repeating  the  work,  gives  109  miles.     It  w«c 
bund  next  day  by  the  chronometers  to  have  been  1 1 5  miles. 

369.  When  the  altitude  is  great,  or  above  3°,  the  following  rule 
for  the  computation  is  preferable  to  No.  357  : — 

(1.)  Correct  the  altitude  for  index  error,  subtract  from  it  *fo  of 
the  estimated  distance  in  miles,  subtract  further  the  true  Depr.  of 
the  eye  (Table  8),  and  note  the  remainder. 

When  the  height  of  the  eye  exceeds  30  feet,  increase  the  ie- 
tnainder  by  -^  of  the  depression. 

(2.)  Add  the  log.  cos.  of  this  remainder  to  the  log.  cos.  of  the 
Depr.  corresponding  to  the  height  of  the  mountain ;  the  sum  (re- 
jecting 10)  is  the  log.  cos.  of  an  arc.  From  this  arc  take  the  said 
remainder,  this  leaves  the  Dist.  of  the  summit  in  miles. 

Ei.  Mr.  Fisher  observed  the  altitude  of  Mount  Etna,  50  15';  height  of  the  eye,  30  feet  \ 
estimated  distance,  8  leagues,  or  24  miles :  required  its  Distance. 

Alt.        50  15'  Etna,  ht.  10900  ft  Dep.     i°  51'  coa.  9*999774 

^l*4     Z\) Remainders     8  coa.  9-998*$$ 

50  2/  coa.  9*998029 

Remainder  5     t 

Diar.       19  miles. 

360.  Degree  of  Dependence.  To  judge  of  this,  repeat  the  com- 
putation, using  a  new  altitude,  varied  from  the  former  by  a  number 
of  minutes  equal  to  the  extent  of  the  probable  uncertainty. 

For  example.  Suppose  in  Ex.  1,  No.  357,  the  altitude  doubtful,  or  in  error,  5';  repeating 
the  work,  with  the  altitude  46',  gives  the  distance  21  miles,  instead  of  11 :  hence  we  intr 
that,  supposing  5'  to  be  in  this  case  the  utmost  probable  uncertainty  in  the  altitude,  tlie 
may  be  depended  upon  to  2  miles. 


The  greater  the  altitude  the  more  accurate  is  the  result. 

361.  Case  II.  When  the  height  of  the  land  is  not  known,  the 
distance  may  be  found  while  standing  directly  towards  it,  or  from  it, 
by  means  of  two  altitudes,  and  the  distance  run  in  the  interval 
between  them. 

If  the  course  is  not  more  than  two  points  out  of  the  direction  of 
the  object,  the  distance  run  mav  be  reduced  to  the  change  of  distance 
of  the  object  by  means  of  the  traverse  Table. 

362.  The  Observation.  Observe  the  altitude.  After  a  consider- 
able change  in  the  altitude,  observe  a  second  altitude  at  the  same 
height  of  the  eye.  Note  the  rate  of  sailing.  Estimate  the  distance 
at  each  observation. 

363.  The  Computation.  Find  the  true  altitudes,  No.  357.  (U 
Find  from  the  rate  of  sailing  the  dist.  run,  and  reduce  it  when  ne- 
cessary to  the  change  of  distance  made  good  in  the  direction  of  the 
object,  thus, —  pnter  Table  1  with  the  difference  between  the  ship'*- 
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coarse  and  the  bearing  of  the  object  as  a  Course,  and  the  Dist.  ran  af 
Dist. ;  the  corresponding  D.  Lat.  is  the  change  of  distance  required. 

To  the  lesser  altitude  add  half  the  change  of  distance,  and  sub- 
tract the  Depr.  corresponding  to  the  height  of  the  eye ;  call  this  the 
first  remainder.  From  the  greater  altitude  subtract  the  lesser  alti- 
tude, and  the  change  of  distance;  call  this  remainder  the  second 
remainder. 

Multiply  the  first  remainder  by  the  change  of  distance,  and  divide 
the  product  by  the  second  remainder ;  the  quotient  is  the  distance  in 
miles  when  the  greater  altitude  was  taken. 

Ex.  1.  Observed  altitude  of  Mount  Etna.  i°  z%\  estimated  distance,  20  leagues.  When 
\%  miles  nearer,  observed  the  altitude  50  15';  height  of  the  eye,  30  feet:   required  the 


Instance. 

i°  if,  deducting  ^  of  (x 

r  13'. 

Lesser  Alt.      i°  23' 
1  Dist.  run      +19 

1  st  rem.  1   36 

3  miles  or  5',  is  i°  23' ;  50  15',  deducting  ^  of  21  miles  or  2',  ci 

Greater  Alt.                50  13' 
Lesser  do.  i°  23*1      m     w 
Dist.           +38/ 

2d  rem.    3   12 

06  *  18 
then —  —  10  miles, 

192           y 

the  Dist.  required. 

or    96 

or      192 

Ex.  2.  Observed  the  altitude  of  Dunnose  41',  estimated  distance  4  leagues  or  12  mUac 
After  running  "j\  miles  directly  from  it  observed  the  alt.  20'.     Height  of  the  eye,  10  feet. 

The  1st  alt.  reduced  is  18';  the  2d,  40'.  The  1st  rem.  is  18*7 ;  the  2d,  14-5  :  the  Dist. 
required  9*7  miles. 

364.  Degree  of  Dependance.  This  may  be  estimated  by  repeating 
the  work  with  a  new  lesser  alt.,  and  also  with  a  new  change  of  dis- 
tance, differing  from  those  used  before  by  1',  and  comparing  these 
two  results  with  the  first.  If  they  do  not  differ  much,  the  case  is 
evidently  but  little  affected  by  small  errors ;  if,  on  the  contrary,  they 
differ  more  than  1',  it  is  shewn  that  errors  of  observation  are  increased 
in  the  result. 

Thus  an  error  of  1'  in  the  lesser  alt.  produces  in  Ex.  1,  above,  only  0*3  of  a  mile  error  In 
the  distance  required,  while  in  Ex.  2,  the  latter  error  is  1*2. 

Again,  an  error  of  1  mild  in  the  change  of  distance  produces  in  Ex.  1  only  0*7  of  a  mus 
in  the  result,  while  in  Ex.  2,  it  produces  2*4  miles. 

In  ordinary  cases  an  error  of  Y  or  2'  is  more  likely  to  occur  in 
an  alt.  than  an  error  of  1  or  2  miles  in  the  change  of  distance;  and 
as  precision  is  of  less  consequence  in  the  greater  than  in  the  lesser 
alt.  the  value  of  the  result  will  depend  principally  on  the  lesser 
altitude. 

The  less  the  1st  rem.  is  with  respect  to  the  2d,  the  less  is  the  effect 
produced  by  the  above  errors  on  the  result. 

Thus,  in  Ex.  1,  the  1st  rem.  is  to  the  2d,  or  96  is  to  192,  as  1  to  2  nearly,  and  the  case 
is  good.  In  Ex.  2,  on  the  contrary,  the  1st  rem.  18*7,  is  greater  than  the  2d,  14*5,  and  the 
result  could  not  be  depended  upon  within  2  or  3  miles. 

366.  Since  these  rules  suppose  the  object  to  be  referred  to  the 
sea-horizon,  they  apply  to  all  cases  in  which  the  observer,  though 
near  the  land,  can  descend  so  near  the  surface  of  the  water  as  to 
obtain  a  perfect  sea-horizon. 

On  the  other  hand,  when  the  land  is  very  distant,  or  the  altitud* 
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\ery  small,  the  methods  in  this  section  most  not  be  too  confidently 
depended  upon,  especially  in  a  calm,  or  when,  from  heat,  vapour, 
or  other  cause,  there  is  anything  unusual  in  the  appearance  of 
the  horizon. 

Useful  tables  of  Vertical  Dcmger  Angles  of  heights  from  50  to 
18,000  feet,  to  distances  off;  from  one  cable  to  110  miles,  have  been 
calculated  by  Lieut.  S.  T.  8.  Lecky,  R.N.R.  Published  by  George 
Philip  &  Son.  London  and  Liverpool,  5th  Edition,  1890. 


III.  Methods  Br  the  Chart.  m 

1.  Cross  Bearings. 

566.  The  true  bearings  of  two  points  of  land  being  obtained, 
draw  Hues  through  them  on  the  chart  in  the  directions  of  the 
bearings ;  these  lines  cross  in  the  place  of  the  ship. 

Or  a  true  bearing  of  one  of  the  points  of  land  may  be  obtained, 
and  an  angle  measured  by  the  sextant  (Nos.  485-504)  between 
it  and  a  second  point,  when  the  second  point  cannot  be  con- 
veniently seen  from  the  compass. 

367.  When  the  difference  of  bearings  is  near  90°,  this  is  the 
most  complete  of  all  methods ;  but  if  the  difference  is  small,  as  for 
example,  less  than  10°  or  20°,  or  near  180°,  the  ship's  position 
will  be  uncertain,  because  a  small  error  in  the  bearing  will  then 
cause  a  great  error  in  the  distance. 

2.  By  Two  Angles  between  Three  Objects. 

368.  When  the  ship's  place  is  required  to  considerable  accuracy, 
as,  for  example,  in  recovering  a  lost  anchor,  verifying  the  soundings 
on  the  chart,  or  other  purposes,  it  should  be  determined  by  means 
of  two  angles  observed  between  three  objects  on  shore. 

(1.)  A  convenient  method  of  laying  down  on  the  chart  the  angles 
observed,  is  to  draw  with  a  pencil  on  tracing  or  transparent  paper, 
or  on  paper  oiled  for  the  purpose,  lines  containing  the  observed 
angles ;  then,  laying  this  paper  on  the  chart,  and  moving  it  about 
until  the  lines  drawn  pass  over  the  respective  objects.  The  angular 
point  where  they  meet  will  shew  the  true  place  of  the  observer. 

The  horn  protractor  (No.  108)  may  sometimes  be  conveniently 
employed,  as  lines  may  be  drawn  on  it  with  a  pencil.* 

369.  By  Construction.  The  observer  is  always  on  a  circle  passing 
through  his  own  place  and  any  two  objects  (No.  108) ;  also  the  angle 

*  The  Station-pointer,  an  instrument  used  in  this  case  to  fix  a  ship's  position,  eon- 
fists  of  three  flat  rulers,  two  movable  from  a  common  centre  right  and  left  of  the  third, 
which  is  fixed.  The  angular  distance  at  which  the  movable  rulers  are  required  to  be 
flared  on  either  side  of  the  fixvd  ruler  being  measured  by  an  attached  circular  arc 
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subtended  by  the  two  objects  is  tbe  same  at  all  points  of  the  cir- 
cumference on  oue  side  of  the  objects  (No.  140).  Hence,  by  ob- 
serving this  angle  and  laying  it  off,  he  can  draw  the  circle  on  which 
he  is,  but  cannot  determine  his  position  upon  it.  If  now  he  adds  a 
third  object,  he  can  draw  a  second  circle  passing  through  this  and 
either  of  the  other  two,  and  his  place  is  the  intersection  of  the  two 
circles. 

£x.  1.  Let  ABC  be  three  objects  on 
eke  chart;  the  angle  between  A  and  B, 
formed  at  O,  the  observer,  is  46° ;  that  be- 
.-ween  B  and  C  is  300. 

Join  A  B,B  C ;  lay  off  the  angles  BAM, 
ABM,  each  equal  (p  the  complement  of  46% 
•r  440;  then  the  intersection  of  the  lines 
AM,  B  M,  is  the  centre  of  the  circle  ABO. 

In  like  manner  lay  off  BCN,  C B  N,  each 
equal  to  the  complement  of  300,  or  6o°;  then 
N  is  the  centre  of  the  circle  C  B  O,  and  O  is 
ths  place  of  the  observer. 

The  drawing  of  the  figure  is  materially  simplified,  in  practice,  by 
the  bearing  of  the  middle  object,  as  this  shews  where  the  lines  must 
fall. 


Ex.  2.  The  angle  between  two  objects 
A,  B,  is  470,  that  between  B  and  C  is  107°. 

Lay  off  ABM,  BAM,  each  equal  to  43°; 
M  is  the  centre  of  A  B  O. 

Lay  off  C  B  N,  B  C  N,  each  equal  to  the 
complement  of  1070,  or  17°,  then  N  is  the 
centre  of  C  B  O. 


370.  Demonstration.     Having  laid  off  two  equal  angles  ABM 
B  A  M,  and  described  a  circle  from  M  the  point  of  intersection  of 
A  M,  B  M,  bisect  A  B  (fig.  Ex.  1 )  in  m,  and  join  m  N ;  also  take  a  point 
O  any  where  in  the  circumference,  and  join  O  A,  O  B. 

Then  Mm  is  perp.  to  A  B  (No.  144),  and  also  bisects  the  angle 
A  M  B  (cor.)  orAMm  is  half  A  M  B.  Also  A  O  B  at  the  circum- 
ference is  half  AM  B  at  the  cer.re  (No.  139);  hence,  AOB  and 
«MA  are  equal,  and  m  A  M  the  *  omplement  of  A  M  m  is  also  the 
complement  of  A  OB.  A  circle  therefore  has  been  described  which 
has  the  given  angle  at  the  circumference. 

The  same  proof  applies  when  the  angle  at  O  exceeds  900.  Thus,  in  fig.  El.  2,  BOC,  107°* 
is  measured  by  half  the  arc  B  D  C  (supposing  the  circle  completed,  and  B  D,  D  C,  joined), 
which  is  therefore  2140.  Hence  the  are  B O  C  is  3600— 2140,  or  146°,  and  the  angle  B DC 
measured  by  half  this,  is  73°;  BNC  is  a  x  730,  or  1460,  and  N B C  (or  N C B  its equatt, 
which  is  the  complement  of  half  BNC,  is  900— 730,  or  170,  which  is  the  complement  of  107. 

371.  It  is  evident  that  the  place  of  O  is  most  distinctly  marked 
when  the  circles  cross  each  other  at  a  considerable  angle ;  and,  on 
the  other  hand,  that  the  result  is  unsatisfactory  when  the  two  circles 
nearly  coincide,  or  when  their  centres  are  near  together.  Tha^B 
conditions  govern  the  choice  of  objects. 

372.  In  thus  fixing  the  ship  by  two  angles  observed  between 
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three  well-known  objects  on  shore,  the  centre  object  should  always 
be  the  nearest ;  for  if  the  ship  should  happen  to  be  on  the  circum- 
ference of  the  circle  passing  through  the  three  selected  points,  her 
position  cannot  be  obtained  by  the  means  of  two  angles  only.  A 
true  bearing  of  one  of  the  objects  is  therefore  desirable. 

It  will  readily  be  seen  that  in  war  time,  when  the  compass  may  be  knocked  away, 
or  ride-fire  may  make  it  undesirable  to  expose  the  person  more  than  necessary,  a  sextant 
offers  great  advantages,  as  angles  can  be  obtained  from  any  position  whence  the  objects 
are  visible.  It  is  this  contingency  that  makts  it  especially  desirable  that  sailors  should 
become  expert  in  the  method  of  fixing  a  ship's  position  with  the  sextant. 

8.  By  the  Soundings. 

373.  When  the  depth  of  water  is  not  great,  and  also  varies 
sensibly  with  the  distance  from  the  point  of  land  set,  this  distance 
may  be  found  from  the  chart  by  means  of  the  soundings. 

4.  By  a  Bearing,  and  the  Lat.  or  Long,  of  the  Ship. 

371.  When  the  lat.  of  the  ship  is  known,  the  true  bearing  ot  a 

well-fixed  point,  less  than  4  points  from  the  meridian,  or  not  much 

more,  affords  a  very  accurate  departure.     In  like  manner,  when  the 

long,  of  the  ship  is  known,  the  bearing  of  a  given  point  more  than  4 

points  from  the  meridian,  or  not  much  less,  affords  the  departure. 

In  certain  cafes  the  bearing  (alone)  of  a  point  of  land  may  be  determined  from  the 
long,  by  chronometer.    See  Sumner's  Method,  p.  363. 


CHAPTER  V. 
Charts. 


I.  Use  of  Mercator's  Chart.     II.  Construction  of  Mercator's 
Chart.    III.  Properties  of  Certain  Projections. 

375.  A  chart  is  a  map  or  plan  of  a  sea  or  coast.  It  is  con- 
structed for  the  purpose  of  ascertaining  the  position  of  the  ship  with 
reference  to  the  land,  and  of  shaping  a  course  to  any  place. 

376.  In  charts,  the  upper  part,  as  the  spectator  holds  it,  is  the 
north,  and  that  towards  his  right  hand  the  east,  as  on  the  compass 
card  ;  latitude  is  accordingly  measured  between  the  upper  and  lower 
edges,  and  longitude  between  the  right-hand  and  left-hand  edges. 

Parallels  of  latitude  aud  meridians  are  drawn  at  convenient  di- 
visions of  latitude  and  longitude.  Compasses  are  described,  by 
means  of  which  a  line  can  be  readily  drawn  in  any  proposed  direc- 
tion ;  and  the  variation  is  marked  where  convenient.  The  depth  of 
water,  at  low  water  springs,  is  denoted,  as  also,  in  some  places,  the 
quality  of  the  bottom.  The  directions  and  velocities  of  currents  are 
expressed,  and  on  some  occasions  the  prevailing  winds  are  marked.* 

*  CLarta  are  also  constructed  for  special  purposes,  as  variation  charts,  to  exhibit  the 
variation,  as  veil  as  current  charts,  wind  chart*,  and  ice  charts. 

Caution. — In  purchasing  Admiralty  charts  care  should  be  taken  to  see  that  they  are 
corrected  up  to  date.  The  dates  of  large  corrections  are  noted  on  the  middle  of  the  lower 
edge ;  and  of  small  corrections,  in  the  lower  left-hand  corner  of  the  chart. 

L 
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377.  Besides  charts  employed  in  general  navigation,  plans  of 
harbours,  ports,  islands,  or  small  districts,  are  constructed  ou  a 
different  scale,  for  reference  when  the  ship  is  close  in  with  the 
land.  On  these  plans  are  inserted,  besides  the  above  particulars, 
the  leading  marks  for  channels  or  for  avoiding  certain  dangeis, 
anchorages,  places  convenient  for  landing,  and  for  watering,  with 
numerous  other  details  proper  to  maps.  Plans  of  these  kinds  are 
often  inserted,  for  convenience,  in  a  corner  of  the  general  chart.* 

378.  As  the  surface  of  the  globe  is  round,  while  that  of  the 
paper  is  flat,  every  chart  exhibiting  any  extent  of  surface  is  neces- 
sarily an  artificial  construction,  or,  as  it  is  called,  projection,  of  the 
real  state  of  things.  The  charts  used  in  navigation  are  those  on 
Mercator*s  projection,  because  on  this  alone  the  track  of  a  ship 
always  steering  the  same  course  appears  a  straight  line. 

379.  On  Mercator's  Chart  all  the  meridians  are  parallel,  and 
the  degrees  of  longitude  are  all  equal,  being  the  same  as  those  of 
the  true  difference  of  latitude.  The  degrees  of  latitude  are  unequal, 
being  extended  at  each  latitude  beyond  their  proper  lengths,  in  the 
same  proportion  as  the  degrees  of  longitude  on  the  globe  are  dimi- 
nished ;  they  are  consequently  greater  as  the  latitude  is  greater. 

For  Ex.  the  degree  of  lat.  6o°,  that  is,  between  $g\°  and  6o|°,  is  double  of  1°  ax  the 
equator,  beiug  increased  in  the  ratio  of  the  sec.  lat.  :  i. 

I.  Use  of  Mercator's  Chart. 

1.  Positions  on  the  Chart. 

380.  To  find  the  latitude  and  longitude  of  a  point  on  the  chart. 
Through  the  given  point  lay  a  ruler  parallel  to  the  nearest 

parallel  of  latitude,  and  look  at  what  degree  and  minute  the  edge 
cuts  the  graduated  meridian  at  the  side,  on  which  the  latitude  is 
marked.  In  like  manner  lay  the  ruler  parallel  to  the  nearest  meri- 
dian, and  see  where  the  edge  cuts  the  graduated  parallel  of  latitude 
at  the  upper  or  lower  edge,  on  which  the  longitude  is  marked.' 

Or  measure,  by  the  compasses  or  otherwise,  the  distance  of  the 
given  point  from  the  nearest  parallel  of  latitude,  and  setting  off 
this  distance  from  the  same  parallel  on  the  graduated  meridian  at 
the  side,  note  the  degree  and  minute  there  expressed. 

In  like  manner,  for  the  longitude,  refer  the  point  to  the  nearest 
meridian,  along  the  graduated  parallel  at  the  upper  or  lower  edge. 

381.  To  find  the  bearing  or  course  on  the  rhumb  line  between 
two  places.  Lay  the  edge  of  the  ruler  on  the  places,  and  refer  it 
to  the  nearest  compass. 

Or,  hold  the  thread  of  the  horn  protractor  (No.  108)  on  one  of 
the  places,  and  placing  the  centre  and  the  zero  on  a  meridian,  slide 

*  The  paper  on  which  charts  are  printed  has  to  be  damped.  On  drying  distortion 
takes  place,  from  the  inequalities  of  the  p;iper.  This  distortion  varies  greatly  with 
different  paper.  It  does  not  affect  navigation  ;  hut  atigles  taken  to  ciitTerent  points  will 
not  always  agree  when  carefully  plotted,  e  p.  cially  if  the  lines  to  the  objects  be  long. 
The  larger  the  chart,  the  greater  the  amount  of  this  distortion. 
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it  with  the  other  haLtl  up  or  down  till  the  thread  covers  both  the 
places ;  the  bearing  then  will  be  read  off  on  the  graduated  edge. 

382.  To  find  the  distance  on  the  rhumb  line  between  two  places. 
(1.)  When  the  places  are  on  the  same  meridian.    Find,  by  means 

of  the  ruler,  where  their  parallels  of  latitude  meet  the  graduated 
meridian  at  the  side :  the  Biff.  Lat.  they  include  is  the  distance. 

(2.)  When  the  places  are  on  a  parallel  of  latitude.  Take  one  or 
more  divisions  of  the  graduated  meridian  at  the  parallel  in  the 
compasses,  and  measure  with  this  the  distance  of  the  places;  or 
proceed  as  directed  in  (3). 

(3.)  When  the  places  lie  obliquely.  Take  the  distance  between 
thein  by  a  pair  of  compasses,  and  lay  it  on  the  graduated  meridian 
so  as  to  be  middled  by  the  middle  parallel  between  the  places :  the 
D.  Lat.  is  the  distance. 

Of  the  above  modes  of  measuring  distances  on  the  chart  the  first 
is  accurate.  The  other  two  are  only  approximate,  though  near 
enough  for  common  purposes. 

When  precision  is  required,  the  2d  case,  which  is  Case  II.  of 
Parallel  Sailing,  must  be  solved  by  No.  307, 308,  or  309,  as  the  chart 
affords  no  facility.  In  like  manner,  if  the  places  are  nearly  E  and 
W.,  the  distance  should  be  found  by  Case  II.  of  Mid.  Lat.  Sailing, 
p.  100.  In  the  3d  case,  the  construction  described  in  No.  328 
must  be  employed.  For  this  the  chart  is  particularly  adapted,  as  it 
shews  the  Mer.  D.  Lat.  The  true  D.  Lat.  is  to  be  taken  from  the 
scale  of  longitude. 

383.  To  lay  off  a  point  on  the  chart  in  a  given  lat.  and  long. 
Lay  a  ruler  through  tne  lat.  at  the  side,  and  parallel  to  a  parallel  of 
lat.  draw  a  pencil  line.     Do  the  same  with  the  longitude. 

384.  The  course  and  distance  of  the  ship  on  the  rhumb  line 
being  given  from  any  point,  to  find  her  place  on  the  chart. 

Lay  the  ruler  through  the  given  point,  in  the  direction  of  the 
course.  Take  the  given  dist.  in  degrees  and  minutes  from  the 
graduated  meridian,  so  that  the  parallel  of  Jat.  which  the  ship  is 
upon  shall  middle  it ;  lay  off  this  distance  along  the  edge  of  the 
ruler  from  the  given  point,  and  the  ship's  place  is  determined. 

385.  To  lay  down  on  the  chart  the  position  of  the  ship  as  given 
by  observation.  Lay  off  the  given  latitude  and  longitude  as  directed, 
No.  383. 

To  lay  down  on  the  chart  the  position  of  the  ship  by  D.  R.,  that 
is,  by  her  course  and  distance  from  a  given  point  of  departure;  as, 
for  example,  her  place  at  last  noon. 

Lay  off  the  course  and  distance  as  directed  in  No.  384. 

Marking  the  ship's  position  on  the  chart  is  called  pricking  the 
iliip  off. 

2.  Projection  of  the  Voyage  on  a  Great  Circle. 

386.  The  Great  Circle  track  between  any  two  places  may  be  accu- 
rately traced  on  a  MercaWs  Chart,  by  determining  the  latitudei 
of  its  points  of  intersection  with  any  desired  number  of  inter- 
vening meridians.  These  lats.  may  be  computed  (346),  or  found  by 
the  aid  of  Towson's  Tables  or  Davis's  Azimuth  Tables  (347). 
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887.  Bat  since  the  coarse  and  distance  are  liable  to  irregulari- 
ties of  which  the  Dead  Beckoning  can  take  no  account,  a  sailing 
ship  especially  cannot  be  kept  for  any  length  of  time  upon  a  pre- 
scribed track ;  and  since,  when  she  has  once  deviated  from  the 
intended  line,  the  coarse  mast  be  shaped  anew,  it  is  evident  that 
the  accurate  projection  of  a  proposed  voyage  on  a  great  circle 
sometimes  would  be  waste  of  labour.  It  will  accordingly  be  suffi- 
cient, in  general,  to  project  the  track  roughly. 

388.  The  following  method  by  Professor  Airy,  for  drawing  on 
a  Mercator's  Chart  the  arc  of  a  great  circle  between  positions  on 
one  side  of  the  Equator,  is  very  simple  and  sufficiently  accurate 
for  practical  purposes  generally. 

1. — Join  the  tvro  points,  between  which  it  is  requ'red  to  project  the  great  circle,  by  a 
straight  line.  Bisect  this  line,  and  from  the  point  of  section  erect  a  perpendicular  to  the 
line  on  the  side  next  the  Equator,  continuing  it,  if  necessary,  beyond  the  Equator. 

S. — Wiih  the  middle  latitude  (l*twe*n  the  two  places)  enter  the  following  table,  and 
take  out  the  •*  corresponding  parallel." 

3.—  The  centre  of  the  arc  of  the  great  circle,  required  to  be  drawn,  will  be  the  inter* 
section  of  this  parallel  with  the  perpendicular. 
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AIR— If  greater  accuracy  is  required 
the  curve  of  the  Great  Circle  should  be 
drawn  by  the  methods  of  Godlray,  Tow- 
son,  or  by  computation. 


conditions  of  givat  circle  sailing  as  complet  ]y  and  as  simply  as  Mercrtor*i  Chart  does 
lor  sailing  on  a  Rhumb.  The  track  is  a  straight  line  which  may  be  drawn  •nd  examined ; 
then  the  various  courses  and  the  distances  to  be  run  upon  each  course  are  obtained,  as 
also  the  distance  fiom  the  ship  to  her  destination,  by  a  mere  inspection  of  the  diagram.* 

3.  Figures  of  Different  Tracks. 

390.  The  track  of  a  ship  by  Mercator's  or  by  Middle  Latitude 
Sailing,  appears,  as  before  stated  (No.  378),  a  straight  line  on  Mer- 
cator's Chart,  on  which  the  meridians  and  parallels  of  latitude  are 
represented  as  straight  lines.  Bat  on  the  globe  such  a  coarse, 
unless  it  be  N.  or  S.,  is  really  a  spiral,  winding  towards  one  of  the 
poles,  which  it  can  never  reach.  A  ship's  keel  cannot  pass  over 
a  point  which  is  kept  at  any  angle  on  the  bow. 

•  See  Chnrt  to  facilitate  the  practice  of  Great  Circle  Sailing,  with  accompanying 
Diagram  for  the  d*term»nHtinn  of  Courses  and  Distances:  by  Hugh  Godfray,  Esq.,  M.A. 
bold  by  J.  D.  Potter,  146  Minories,  London,  £. 
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The  track  by  Parallel  Sailing,  on  a  circle  on  which  the  ship 
always  maintains  the  same  distance  from  the  pole,  also  appears  a 
straight  line  upon  the  chart. 

The  track  by  Great  Circle  Sailing,  except  when  on  a  meridian, 
appears  on  Mercator's  Chart  as  a  curve  line.  It  may  at  first  seem 
inconsistent  that  a  curve  line  can,  in  any  case,  represent  a  shorter 
distance  than  a  straight  line ;  but  every  point  of  this  curve  lire  is 
nearer  the  pole  than  a  point  in  the  same  longitude  on  the  track  bj 
Mercator :  and  accordingly,  if  we  divide  the  curve  into  small  por- 
tions, and  measure  each  portion  as  in  No.  382  (2),  or  (3),  in  its  own 
latitude,  wc  shall  find  that  the  whole  distance  measures  absolutely 
less  than  the  length  of  the  rhumb  line  joining  the  places.* 


ll.  Construction  of  Mercator's  Chart. 

391.  The  following  instructions  are  merely  general :  practice  will 
supply  details. 

In  N.  Lat  draw  a  line  along  the  foot  of  the  paper  for  the  parallel 
of  lowest  latitude.  In  S.  Lat.  draw  the  line  along  the  top.  Divide 
this  line  into  degrees  and  parts,  as  3(K,  If/,  1C,  or  5'.  Draw  at  the 
tides  two  perpendiculars  to  this  line,  for  the  graduated  meridians. 
Find,  by  Table  6,  the  Mer.  D.  Lat.  between  the  lowest  parallel  and 
1°,  or  30*,  &c.  above  it  Take  with  the  compasses  this  Mer.  D.  Lat. 
from  the  equally  divided  parallel,  and  set  it  off  from  this  line  on  the 
meridian  to  be  graduated.  Find,  in  like  manner,  the  Mer.  D.  Lat. 
between  the  said  parallel  and  2°,  or  1°,  &c.  above  it.  In  this  way 
the  meridians  are  graduated. 

Parallels  and  meridians  being  drawn  at  convenient  intervals, 
and  the  points  of  the  coasts  laid  down,  the  coast-line  is  filled  in  by 
haud. 


III.  Properties  of  Certain  Projections. 

392.  Since  a  small  portion  of  a  globular  surface  may  be  con- 
sidered, in  a  practical  sense,  as  a  plane,  charts  of  coasts,  and  maps  of 

*  In  order  to  verify,  on  a  globe,  the  results  of  calculations  relating  to  the  great  circle  and 
the  rhumb  line,  the  latter  must  be  projected  on  the  globe.  To  do  this,  note  on  the  chart  the 
latitude  and  longitude  through  which  the  rhumb  line  passes,  at  each  40  or  50,  or  less,  accord- 
lug  to  the  degree  of  precision  required ;  then  lay  off  these  points  on  the  globe,  in  their  several 
lots,  and  longs,  by  means  of  the  moveable  meridian.  A  curve  traced  by  hand  through  the 
points  laid  off  will  represent  the  rhumb  line  nearly  enough. 

If  the  rhumb  line  between  any  two  places,  differing  considerably  in  latitude  and  longi- 
tude, be  produced  on  the  chart,  and  transferred  thus  to  the  globe,  its  spiral  igum  will  be 
iia*inctty  perceived. 
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districts  of  limited  extent,  constructed  from  a  scale  of  eqoai  parts, 
exhibit,  like  the  plan  of  a  building  or  an  estate,  the  relative  direc* 
tioas  and  distances  of  the  places  upon  them  Terj  nearly.  On  this 
projection,  divisions  of  latitude  and  longitude  may  be  laid  off  in 
their  due  proportions  by  means  of  parallel  and  perpendicular  lines, 
drawn  at  proper  distances.  In  drawing  these  lines  the  minute  or 
mile  of  latitude  is  taken  as  the  unit  of  measure  (Xos.  186, 199),  and 
the  parallels  of  latitude  drawn  through  certain  divisions.  The  length 
of  a  minute  of  longitude  being  to  that  of  a  minute  of  latitude  as  the 
conine  of  the  latitude  to  the  radius,  is  determined  by  No.  304,305, 
or  306.  On  a  small  portion  of  the  surface  the  minutes  of  longitude 
are  nearly  equal,  and  the  meridians  are  therefore  drawn  parallel; 
but  if  the  extent  of  latitude  be  increased,  the  meridians  will  con- 
verge sensibly  towards  the  polar  side  of  the  chart  (No.  194,  note  *) 
and  the  character  of  the  projection  changes.* 

393.  On  Mercator's  Chart  the  figure  of  each  small  district  or 
portion  or  surface  is  truly  represented,  as  in  No.  392  above ;  but,  as 
the  mile  or  minute  of  latitude,  which  is  the  unit  of  measure,  is  of  a 
different  magnitude  in  every  different  latitude,  if  we  take  a  greater 
extent  of  latitude  we  introduce  a  new  scale  of  measurement.  A 
small  island,  for  example,  near  the  pole,  is  represented,  in  regard  to 
its  shape,  as  truly  as  another  near  the  equator,  but  on  a  larger  scale : 
hence,  though  each  small  portion  is  truly  figured,  portions  in  differ- 
ent latitudes  cannot  be  directly  compared.  The  appearance  of  dis- 
tortion of  the  countries  on  Mercator's  Chart  arises,  therefore,  from 
the  distances  in  each  latitude  being  drawn  to  a  different  scale. 

This  projection  represents,  with  perfect  accuracy,  the  relative 
positions  of  places  as  respects  a  rhumb  line ;  it  does  not,  however, 
exhibit  the  relative  distances  between  places,  which,  when  required 
with  precision,  must  be  found  by  the  proper  construction,  No.  328. 

The  projections  here  described  become  identical  at  the  equator. 

394.  Every  bearing,  obtained  either  by  means  of  the  magnetic 
needle  or  astronomical  observation,  is  a  horizontal  angle  on  the 
surface  of  the  sphere,  formed  at  the  eye,  and  contained  between  the 
meridian  of  the  observer  and  a  line  drawu  from  the  eve  to  meet  a 
plumb-line  passing  through  the  point  set.  Such  angle  is  the  same 
thing  as  the  course  on  a  great  circle.  Hence  observed  bearings  are 
never,  unless  due  N.  or  S.,  or  E.  and  W.  on  the  equator,  identical 
with  bearings  taken  from  Mercator's  Chart.  The  difference  is  not, 
indeed,  perceptible  on  common  occasions,  on  account  of  the  small- 
ness  of  the  portion  of  the  sphere  within  the  view  of  the  spectator; 
but  in  charts  of  high  latitudes,  graduated  with  much  precision,  it 
becomes  manifest,  and  must  be  taken  into  consideration  when  it  is 

*  In  the  Plane  Chart  the  degrees  of  latitude  and  longitude  are  all  made  equal.  Tina 
orojection  represents  very  nearly  the  relative  directions  and  distances  of  places  near  the 
equator,  and  serves  for  plans  of  ports  and  seas  in  those  regions ;  but  in  higher  latitudes  it 
uiuibits  truly  no  directions  but  E.  and  W.,  N.  and  S.,  and  no  distances  but  those  on  a 
m  ridian.  Hence  the  figure  of  every  portion  of  surface,  however  small,  is  distorted.  These 
i  harts  &re  uo  longer  used. 
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required  to  employ  the  observed  bearing  of  a  distant  mountain  for 
any  purpose  in  which  precision  is  necessary.* 

A  distant  object  cannot,  accordingly,  be  correctly  laid  down  on 
the  chart,  from  its  observed  bearing  and  distance,  except  in  low  lati- 
tudes ;  it  must  therefore  be  laid  down  in  lat.  and  long,  as  determined 
by  Spherical  Trigonometry.  The  line  drawn  from  the  observer's 
place  to  this  position  laid  down  is  then  the  bearing  on  the  chart,— 
not  the  direction  of  the  object,  but  the  course  which  a  ship  must 
preserve  in  approaching  it  while  crossing  all  the  meridians  at  the 
same  angle. 

It  follows,  in  like  manner,  that  three  objects  which  lie  in  the 
same  great  circle  (not  the  merid.  or  the  equator),  and  therefore, 
when  seen  in  a  certain  direction,  appear  in  one,  form,  on  the  chart, 
an  elongated  triangle,  the  middle  object  of  the  three  being  on  the 

Sdar  side  of  the  Tine  joining  the  extremes.  Thus  the  summit  of 
fount  Athos,  which  lies  a  little  ((/  39")  to  the  N.  of  the  great  circle 
passing  through  Mount  Olympus  and  the  summit  of  Iuibros,  appears, 
on  the  chart  of  the  Archipelago,  nearly  27  to  the  N.  of  the  straight 
line  joining  the  two  latter  places. 

395.  The  bearing  of  a  distant  object,  as  taken  from  the  chart  or 
computed  by  Mercator's  or  Mid*  Lat.  Sailing,  may  be  converted, 
approximately,  into  the  true  azimuth,  as  it  would  be  observed, 
thus: — 

Find  half  the  Diff.  Long,  between  the  place  of  observation  and 
the  object,  and  also  the  Mid.  Lat.  between  tnein. 

To  the  log.  sine  of  half  the  D.  Long,  add  the  log.  sine  of  the 
Mid.  Lat. ;  the  sum  is  the  log.  sine  of  the  corr.  required.  Apply 
the  corr.  to  the  N.  in  N.  Lat ,  and  to  the  S.  in  S.  Lat.' 

Ex.  The  observer  in  N.  lat.  400  2'  sees  a  peak  in  lat.  400  9'  N.(  and  i°  $\'  W.  of  hlro  1 
required  the  tine  azimuth,  as  deduced  from  the  rhumb  course  ? 
rhe  Course  by  Mercator's  Sailing,  is  N.  85*26' W. 
r*.  Long.  114',  half  do.  57'       sin.  8*2196    I  Rhumb  bearing  85"  26' 

Mid.  Lat.  40V       sin.  9-8088  Sub.     37 

Corr.  37'      sin.  8*0284   I  Tana  Asm.      84  49 


CHAPTER  VI. 

Sounding* 

396.  Sounding  is  ascertaining  the  depth  of  the  water.  This  is 
commonly  done  by  a  lead  attached  to  a  line  marked  at  certain 
divisions. 


*  This  point,  and  also  some  considerations  relative  to  the  projection  of  the  great  circle 
tn  Mercator's  Chart  by  rectangular  co-ordinates,  are  treated  in  the  "  Traitf  d<  Geodesic  a 
I'Usage  des  Marina/'  par  P.  Begat      Paris.  1839. 
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39/.  The  souudings  marked  on  the  chart  arc  taken  at  low-water 
*|»i  ing-tides ;  the  depth  is  noted  in  fathoms,  and,  in  small  depths,  in 
feet,  and  the  nature  of  the  bottom  is  specified.  The  "  low  water"  of 
the  charts  is,  generally,  the  average  of  the  spring  low  water.* 

Since  the  ships  place  on  the  chart  can  thus  be  determined,  within 
certain  limits,  by  the  soundings,  it  is  always  a  proper  precaution, 
however  correctly  the  reckoning  may  be  kept,  to  sound  on  approach- 
ing  the  land.  In  like  manner,  in  a  fog  or  during  the  night,  the 
navigation  is  often  made  to  depend  upon  the  lead  alone. 

398.  Two  leads  are  employed  for  sounding,  the  hand-lead  weigh- 
ing 141bs.  and  attached  to  about  25  fathoms  of  line,  and  the  deep-sea 
lead,  weighing  281bs.  and  attached  to  100  fathoms  or  more  of  line 
wound  on  a  reel.  A  small  lead  of  five  or  six  pounds  is  sometime* 
used.  The  quality  of  the  bottom  is  ascertained  by  fixing  a  lump  of 
tallow,  called  the  arming,  on  the  lower  end  of  the  lead  before  it  ie 
thrown  into  the  sea. 

399.  In  using  the  band-lead,  the  leadsman,  standing  at  the  ves- 
sel's side,  or  in  the  channels,  throws  the  lead  as  far  forward  as  he 
can,  swinging  it  once  or  even  twice  over  his  head  to  give  it  increased 
force,  and  endeavours  to  draw  the  line  tight  from  the  lead  at  the 
instant  the  ship  by  her  progress  places  him  perpendicularly  over 
it.  The  hand-lead  descends  about  10  fathoms  in  the  first  six  seconds, 
according  to  some  trials  made  by  Capt.  Bullock ;  hence,  when  the 
vessel  is  going  fast,  it  is  often  difficult  to  get.  soundings. 

The  line  is  marked  at  3,  5,  7,  10,  13,  15,  17,  and  20  fathoms.+ 
These  depths  are  called  marks,  aud  the  intermediate  ones  deeps; 
for  example,  in  obtaining  10  fathoms  the  leadsman  cries,  with  a 
peculiar  bong, "  By  the  mark  ten ;"  in  9  fathoms  he  cries,  "  By  the 
deep  niue."  On  some  occasions  the  leadsman  describes  the  bottom 
as  hard  or  soft. 

The  only  fractions  of  a  fathom  used  are  a  half  and  a  quarter ; 
thus,  7J  fathoms  are  called,  "And  a  half  seven;"  7|  fathoms  are 
called,  "A  quarter  less  eight." 

400.  In  heaving  the  deep-sea  lead,  the  lead  is  carried  to  the  fore 
part  of  the  ship,  as  the  weather  cathead  or  fore-chains,  or  the  lee 
cathead,  if  the  ship  is  making  much  leeway,  the  line  being  passed 
along  outside.  The  ship's  way  being  reduced  when  necessary,  the 
lead  is  dropped  and  the  soundings  are  observed  by  an  experienced 
seaman  at  the  quarter.  The  deep-sea  line  is  marked  at  each  10 
fathoms  by  the  corresponding  number  of  knots,  and  with  a  single 
knot  at  each  five.  The  error  of  the  soundings  is  generally  in  excess, 
because  the  line  can  rarely  be  stretched  straight  from  the  lead. 

401  In  sounding  in  deep  water  in  small  vessels,  which  drift  to 
Irewaid  rapidly  upon  losing  their  way,  it  is  generally  advisable  to 
drop  the  lead  before  the  headway  ceases,  and  to  cause  the  vessel  to 

*  As  this  aYerage  height  is  not  indicated  by  nature,  the  seaman  should  bear  in  mind 
that  the  water  may,  under  the  influence  of  strong  winds,  fall  quite  a  foot  below  thi* 
average 

f  These  divisions  require  to  be  measured  or  rectified  from  time  to  time  j  when  this  it 
done,  the  line  should  be  thoroughly  wetted. 
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gather  sternw ay  so  as  to  pass  oyer  the  lead,  which  will  thus  have 
descended  through  a  considerable  depth  perpendicularly. 

402.  The  interruption  to  the  voyage,  and  the  inconvenience 
of  rounding  the  ship  in  order  to  allow  time  for  the  deep-sea  lead 
to  descend  to  the  bottom,  have  led  to  the  invention  of  instruments 
for  sounding  without  stopping  the  ship's  way.* 

Burt's  buoy  and  nipper  is  a  simple  and  well-known  instru- 
ment. The  line  being  rove  through  a  spring-catch  in  the  buoy,  the 
lead  is  hove,  and  the  buoy  afterwards  dropped  into  the  water;  the 
line  then  continues  to  run  through  the  catch  till  the  lead  reaches  the 
bottom,  or  is  checked  by  a  pull,  when  the  catch  firmly  seizes  the  line, 
attaching  the  buoy  to  it  at  the  depth  descended  through  by  the  lead. 

Massey's  machine  registers  the  depth  by  wheel  work  set  in 
motion  by  a  fly. — Ericcson's  machine  measures  the  depth  by  the 
space  into  which  the  contained  air  is  compressed. 

Sir  W.  Thomson's  Sounding  Machine  consists  of  a  drum 
on  which  is  wound  about  three  hundred  fathoms  of  steel  piano* 
forte  wire.  This  is  kept  at  intervals  between  the  casts  in  a  box 
filled  with  lime  water,  which  entirely  protects  the  wire  from  rust. 

A  brake,  partially  self-acting,  is  arranged  by  a  cord  round  a 
groove  in  the  circumference  of  the  drum,  with  two  weights 
attached,  one  of  lead  (3  lbs.),  the  other  a  long  iron  weight  (56  lbs.). 

When  ready  to  take  a  sounding,  the  brake  is  released  by 
holding  up  the  heavy  weight  and  allowing  the  small  one  to  hang 
freely  in  a  recess  in  the  heavy  one.  This  opposes  a  slight  resist* 
ance  to  the  wire  when  running  out,  and  when  the  sinker  reaches 
the  bottom  the  brake  is  put  on  by  easing  down  the  heavy  weight 
gradually  until  it  is  supported  by  the  small  one. 

Between  the  sinker  (which  is  of  iron,  with  a  hollow  at  the 
bottom  to  receive  the  arming  of  tallow)  and  the  depth  gauge  there 
is  a  two-fathom  length  of  plaited  rope,  and  the  same  between  the 
depth  gauge  and  the  wire.  It  is  important  that  plaited  rope 
should  be  used,  not  twisted. 

Tbe  depth  gauge  consists  of  a  brass  case  about  2  feet  long, 
containing  a  glass  tube  coated  inside  with  a  chemical  preparation; 
this  tube  is  open  at  one  end,  and  is  placed  in  the  brass  case  with 
the  open  end  downwards.  As  the  sinker  descends,  the  increased 
pressure  drives  the  water  up  the  glass  tube,  and  the  height  is 
registered  by  the  mark  made  by  the  combination  of  the  water 
and  the  coating  of  the  tube;  this  mark,  when  applied  to  the 
graduated  boxwood  scale,  shows  at  once  the  depth  that  has  been 
reached.  There  is  also  a  counter  attached  to  the  wheel  that 
shows  approximately  the  number  of  fathoms  of  wire  run  out. 

The  instructions  sent  with  the  apparatus  are  ample,  and  the  use 
of  this  simple  machine  is  easily  learnt;  but  men  should  be  drilled 
at  it  in  fine  weather,  so  as  to  be  able  to  handle  it  readily  in  bad.  An 
officer  and  two  men  can  with  ease  take  soundings  in  100  fathoms 
every  quarter  of  an  hour  from  a  vessel  going  at  any  ordinary  speed. 

*  Recently  an  instrument  hat  bteu  introduced  wherein  tbe  dt-pth  is  indicated  bj 
■j  drobiat  c  pre«*u  r*. 
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The  Snip's  Journal. 
I.  Keeping  the  Ship's  Journal.    II.  The  Day's  Wobk. 

I.  Keeping  the  Ship's  Journal. 

403.  As  the  keeping  of  the  log  or  journal,  in  the  Bojal  Navy  and 
in  the  merchant  service,  is  a  matter  strictly  professional,  and  as  no 
one  would  be  intrusted  with  it  whose  experience  did  not  qualify 
him  to  know  what  matters  to  insert  and  how  to  express  them, — 
and,  moreover,  as  the  log-board,  from  which  the  ship's  log  is  copied, 
is  ruled  in  an  established  form,  the  following  remarks  are  inserted 
merely  for  reference,  and  not  as  a  complete  description  for  the 
instruction  of  the  learner,  who  must  acquire  this  knowledge  with 
that  of  the  rest  of  his  duty. 

404.  The  time  in  the  ship's  log-book  is  reckoned  from  mid- 
night, as  civil  or  common  time;  the  first  hour  is,  therefore, 
1  o'clock  in  the  morning,  and  the  hours  are  carried  on  to  12,  or 
noon,  and  then  to  12,  or  midnight.  The  log-board,  however,  is 
copied  into  the  log-book  each  day  at  noon.* 

405.  At  noon,  if  the  ship  is  in  sight  of  land,  a  point  or  object 
of  known  latitude  or  longitude  is  set,  and  its  distance  estimated. 
This  method  of  taking  a  Departure,  which,  from  its  convenience,  is 
in  general  use  (No.  349),  is  sufficiently  accurate  when  the  ship  is 
very  near  the  land ;  but  when  the  land  is  distant,  or  enveloped  in 
haze,  and  whfcn,  in  consequence,  the  estimation  of  distance  is 
liable  to  great  uncertainty,  some  other  method  should,  if  prac- 
ticable, be  adopted  in  preference,  or  at  least  employed  as  a  check. 
If  there  is  no  particular  object  in  sight,  the  extremes  of  the  land 
are  set ;  and  thus,  in  case  of  a  fog  coming  on,  the  ship  is  secured, 
by  keeping  outside  of  the  bearings  of  these  extremes,  from  ap- 
proaching the  land.f 

*  The  log- board,  on  which  were  painted  the  necessary  divisions,  and  the  record  mado 
In  chalk,  has  long  passed  away.     A  log-slate  or  deck  log-hook  is  kept  instead. 

t  Since,  when  the  ship  is  in  sight  of  land,  her  place  is  determined  with  reference  to  the 
land  alone,  it  is  customary,  during  this  time,  to  discontinue  heaving  the  log,  and  therefore 
to  omit  the  insertion  of  the  courses  and  distances  on  the  log-board.  It  is  sometimes, 
however,  proper  to  keep  up  the  account  when  in  with  the  land,  as  it  affords  the  means  c*f 
discovering  a  permanent  current,  or  the  direction,  strength,  and  time  of  change  of  th« 
tide-current. 
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If  the  ship  is  out  of  sight  of  land,  the  Course  and  Distance  made 
rood  in  the  last  24  hours,  the  Latitude  and  Longitude  by  Dead 
Reckoning,  as  also  by  Observations  if  they  are  obtained,  are  in- 
serted, together  with  the  Bearings  and  Distance  of  the  port  or  of 
the  land  worked  for. 

406.  It  often  happens,  from  change  of  long.,  that  the  day  of  24* 
lias  expired  before  the  sun  has  attained  the  meridian.  In  this  case, 
the  hours  having  been  truly  measured,  and  the  hourly  distances 
rightly  assigned,  the  reckoning  is  truly  registered  up  to  the  run- 
ning out  of  the  last  glass,  and  an  increased  distance  must  therefore 
be  marked  against  the  last  hour  or  half-hour. 

In  like  manner  the  day  may  really  have  expired  by  observation 
before  the  24  hours  are  completed.  In  this  case  a  diminished  dis- 
tance must  be  marked  at  the  last  hour  or  half-hour. 

407.  The  Leeway  should  always  be  marked  on  the  log-board, 
since  it  is  impossible  for  any  one  to  know  what  leeway  the  ship 
may  be  making  in  bad  weather  when  he  is  not  on  deck. 

408.  At  the  end  of  every  watch,  at  the  close  and  dawn  of  day, 
and  at  the  coming  on  of  a  fog,  the  land  is  set ;  so  that,  in  case  of 
losing  sight  of  it,  a  Departure  may  always  be  secured  at  the  latest 
period. 

409.  The  Weather  is  described  at  the  end  of  each  watch,  or 
oftener,  as  occasion  may  suggest.  In  order  to  mark  the  strength  of 
the  wind,  and  the  description  of  the  weather,  with  more  distinctness 
than  the  terms  in  general  use  among  seamen  are  capable  of  express- 
ing, Sir  F.  Beaufort  has  proposed  the  following  system  of  numbers 
and  letters,  which  has  been  adopted  by  order  of  the  Lords  Com- 
missioners of  the  Admiralty,  dated  Dec.  28,  1838,  in  Her  Majesty's 
ships : — 

Figures  to  denote  the  Force  of  thb  Wind. 
o  —  Calm. 

i  —  Light  Air  Or,  just  sufficient  to  give  steerage  way. 

i  —  Light  Breeze "]  Or,  that  in  which  a  well-condi-  f  i  to  z  knots. 

r*An»iA  u~~~«        '      tioned  man-of-war,  with  all )  m  .        ,      . 

3  -  Gentle  Breeze  ...  -•    ^  ^  ^  ^  ,<„  ^^ .  3  to  4  knot*. 

4  —  Moderate  Breeze  J     go  in  smooth  water  from 1 5  to  6  knots. 

5  —  Fresh  Breeze  

6  —  Strong  Breeze  .... 

7  —  Moderate  Gale.... 

8  —  Fresh  Gale 

9  —  Strong  Gale  


(Royals, 


&c 


)  Single-  reefed   topsails   and    top- 
gallant sails. 

juax  carry  in  cnase,  iuii  anav  -.     , .  ,  ,  .         .,••».. 

-  '  *  Double-reefed  topsails,  jib,  &c . 


>>y 


Triple-reefed  topsails,  dec. 
^Close-reefed  topsails  and  courses. 


10  —  Whole  Gale  Or,  that  with  which  she  could  scarcely  bear  close- reefed  main -top. 

sail  and  reefed  foresail. 

11  —  Storm   Or,  that  which  would  reduce  her  to  storm -staysaila, 

it—  Hurricane   Or,  that  which  no  canvas  could  withstand. 
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Letter*  to  denote  the  State  or  the  Weatbee. 


the 


q — Squally. 

r —  Rain ;  continued  run 

8 — Snow. 

t — Thunder. 

u — Ugly  threatening   appearance    of 

weather. 
▼ — Visibility  of  distant  objects,    wbethei 

the  sky  be  cloudy  or  not. 
w— Wet  dew. 

• — Under  any  lettrr  indicates  an  extraor- 
.  dinary  degree. 


b — Blue  sky;  whether  with  clear  or  hazy 

atmosphere, 
c — Cloudy  ;  but  detached  opening  clouds, 
d  —  Drizzling  rain, 
f— Foggy — f,  Thick  fog. 
g — Gloomy  dark  weather, 
h— Hail. 
1 — Lightning, 
m  —  Misty  hazy  atmosphere, 
o  —Overcast ;  the  whole  sky  being  covered 

with  an  impervious  cloud, 
p — Passing  temporary  showers. 

By  the  combination  of  these  letters,  all  the  ordinary  phenomena  of  the  weather  may  be 
recorded  with  facility  and  brevity.  Examples: — b  c  m,  Blue  sky,  with  detached  opening 
clouds,  and  a  misty  atmosphere,  g  v,  Gloomy  dark  weather,  but  distant  objects  remarkably 
visible,  q  p  d  1 1,  Very  hard  squalls  with  passing  showers  of  drizzle,  and  accompanied  b? 
lightning  with  very  heavy  thunder. 

410.  When  a  heavy  sea  is  running,  or  when  a  swell  rises  without 
corresponding  wind,  the  circumstance  is  noted. 

A  swell  is  named  after  the  point  of  the  com  pass  from  which  tha 
waves  proceed,  like  the  wind  that  produces  them.  To  denote,  how- 
ever, a  south-westerly  swell  (for  example)  as  "  a  swell  from  the  S.W  " 
removes  all  ambiguity. 

41 1 .  The  variation  of  the  compass,  when  observed,  is  inserted  in 
the  remarks ;  as  also  the  results  of  occasional  observations,  as  the 
latitute  by  double  altitude,  by  the  moon,  planets,  or  stars,  the  longi- 
tude by  lunar,  &c,  the  exact  time  of  observation  being  specified. 

412*  In  general,  besides  the  details  proper  to  the  particular 
service  on  which  a  vessel  may  be  employed,  all  matters  relating  to 
her  place  are  inserted  in  the  log,  not  only  for  the  safety  or  conve- 
nience of  the  present  voyage,  but  as  matter  of  intelligence  or  of 
evidence  in  the  case  of  future  inquiry.  Hence  the  circumstance 
of  seeing  or  speaking  a  vessel  is  always  noticed. 

No  form  of  log  has  been  universally  adopted  in  merchant-ships, 
but  several  neat  forms  are  in  common  use.  The  precise  form  is 
not  material,  as  long  as  the  ship's  proceedings  are  exactly  and 
conveniently  recorded. 

A  separate  journal,  called  in  the  Royal  Navy  the  engine-room 
register,  is  generally  kept  in  steam- ships.  In  this  is  recorded  the 
revolutions  of  the  engines,  the  pressure  of  steam,  the  consumption 
of  fuel  and  other  materials,  the  temperature  of  the  engine-room, 
stoke-holes,  coal-bunkers,  &c.  Generally,  it  is  a  record  of  all 
matters  relating  to  the  performance  and  state  of  the  engines,  and 
the  employment  of  the  engine-room  staff. 
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41 8.  The  following  is  the  form  in  which  the  logs  of  her  Majesty's 
ships  are  at  present  kept  by  order  of  the  Board  of  Admiralty,  1879. 


H.M.S. 


.  dajr  of_ 


_>  18 


Frim 


-•  to_ 


_,  or  at_ 


[nitfad* 

of 
Officer 

of 

Watch 


Standard 
Compass 
Courses 


8 


Winds 


Direc- 
tion 


Force 


Weather* 


Bar.Ther. 


Height 


■* 


r 


Course 


Dfstanoe      Latitude 


mad*  through 


mile*    miles 


DR. 
Ofas, 


Longitude 

DR. 
Obra. 


Variation 
allowed 


Water  Remains 


Dally  Expend* 


DIstUled 
ainoe  yes- 
terday 


True  Bearing  and 
Distance 


No.  on 
8ioklft 


Coal  expended  fFor€ 
during        -J  For  ship 
34  hours       |  For  m,tnilnt 
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II.  The  Day's  Work. 

417.  This  is  the  process  of  finding  the  place  of  the  ship,  with 
reference  either  to  her  place  at  yesterday's  noon,  or  to  a  departure 
taken  since,  and  comprises, 

1st,  The  Course  and  Distance  made  good ; 

2d,  The  Lat.  and  Long,  in  ; 

3d,  The  Bearing  and  Distance  of  some  port,  which  is  either  to 
be  steered  for  directly,  or  is  an  intermediate  point  of  land,  with  refer- 
ence to  which  the  course  is  to  be  shaped,  so  as  to  make  it  or  to 
avoid  it. 

418.  To  work  a  day's  work.  (1.)  Take  the  courses,  with  the 
distance  run  on  each,  from  the  log-board. 

When  a  departure  has  been  taken,  consider  it  is  a  course  an  J 
distance  in  the  opposite  direction. 

Correct  each  course  for  deviation  of  the  compass,  229,  or  p.  159. 

If  the  variation  has  changed  since  the  departure  was  taken,  cor- 
rect each  course  separately,  No.  221 ;  if  not,  defer  this  correction. 

Every  course  affected  by  leeway  must  be  corrected  accordingly. 
The  quantity,  if  not  marked  on  the  board,  must  be  estimated  from 
the  circumstances.  When  the  ship  is  on  the  starboard  tack,  allow 
the  leeway  to  the  left ;  when  on  the  port  tack,  allow  it  to  the  right, 
the  observer  being  supposed  in  the  centre  of  the  compass.  When 
the  ship  is  hove-to,  take  the  middle  point  between  that  to  which  she 
comes  up  and  that  to  which  she  falls  off,  for  the  compass  course,  and 
correct  this  for  leeway. 

(2.)  Having  corrected  the  Courses  thus  far,  take  out  to  each 
the  D.  Lat.  and  Dep.  from  the  Traverse  Table,  and  find  the 
Course  and  Distance  made  good  by  Traverse  Sailing,  Mo.  287,  or  by 
Traverse  Tables  (Table  1.) 

If  the  variation  has  not  been  allowed  for,  apply  it  to  the  result- 
ing course,  No.  221. 

(3.)  Apply  the  D.  Lat.  to  Lat.  left :  the  result  is  Lat.  in,  No.  190. 

With  the  Lat.  left  and  Lat.  in,  and  the  Course,  find  the  D.  Long, 
by  Case  I.  of  Mid.  Lat.  or  Mercator's  Sailing  (No.  315  or  323),  or 
by  Traverse  Table.  If  the  Course  is  due  E.  or  W.,  then  proceed  by 
Case  I.  of  Parallel  Sailing  (No.  304)  or  by  Traverse  Table. 

Having  the  Long,  left  and  Diff.  Long.,  find  the  Long,  in,  No.  196. 

(4.)  Having  now  the  Lat.  and  Long,  of  the  ship,  and  those  of 
the  port  to  be  worked  for,  find  its  Bearing  and  Distance  ;  if  in  the 
Lat.  of  the  ship,  by  Case  II.  of  Parallel  Sailing,  No.  307  ;  otherwise 
by  Case  IF.  of  Mid.  Lat.,  or  Mercator's  Sailing,  No.  318  or  326 ;  or 
by  Traverse  Table.  To  this  Bearing  apply  the  Variation  and  Devia- 
tion of  the  Compass,  and  so  obtain  from  the  True  Course,  the  Course 
to  be  steered. 

To  find  the  Course  on  a  Great  circle,  see  No.  337  or  338. 

It  is  mere  waste  of  time  to  work  the  Course  nearer  than  to  the 
whole  degree ;  for  even  if  the  compass  could  be  depended  upon  to 
1°,  the  ship  cannot  generally  be  steered  within  that  quantity. 
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Ejl  1.  The  ship  while  hove-to  for  the  first  two  hours,  with  light  north-easterly 
winds,  came  up  to  £.,  and  fell  off  S.S.E. ;  taking  8.E.  by  E.  as  the  middle  course,  allow- 
ing 2  pts.  leeway,  and  3  miles  distance,  gives  8.E.  by  8.  3  miles,  after  which  the  courts 
and  diets,  follow  as  below.  Lat  left  290  207  N.,  long,  left  1270  42'  £. :  var.  30  E. :  find 
the  Lat.  and  Long,  in ;  also  set  of  current  in  the  24  hours,  Position  by  observation 
being  Lat.  270  55'  N.,  Long.  1280  43'  E. 


Goono. 

List. 

N. 

s. 

B. 

W. 

S.E.  by  a 

3 

25 

17 

8.S.E.  i  E. 

23 

203 

io-8 

SJS.E. 

49 

45  3 

188 

S.  by  E.  i  E. 

24 

230 

7*0 

S.byE. 

6 

59 

1*2 

aW.  by  8. 

8 

67 

44 

aw. 

7 

4*9 

4'9 

8.W.  by  w. 

7 

3*9 

58 

W.  by  N. 

5 

10 

4'9 

a*K 

6 

60 

06 

I.O 

1185 

4d-i 

20*0 

10 

200 

117-5 

201 

D.  Lat.  118 
Lat  left  D.R. 
Lat.  in,  D.R. 


29 


58'  8. 
26  N. 


27   28  N. 


Lat  left  290  and  Lat.  in  270  give 
Mid  Lat.  280. 

Then  280  and  D.  Lat 

145  give  Diet  16'  E. 

Long,  left  127  42  E. 

Long  in,  D.R.      127  58  E. 

To  determine  approximate  current 
see  Nos.  290  to  297,  and  1015. 

Position  by 

Obs.  Lat.  270  55'  N.,Long.  I28°43'  E. 
Position  by 

D.R.  Lat  27  28  N.,  Long.  127  *K  E. 

27  45 

In  Lat  280  Diff.  Long.  45-Dop. 

,    TbeD.I3t.„r5andDep.20.,g,>eCourse       "jf&*  #  g  ftlftffl 

a  7°  Bl  tnii     Then  70  and  Dist  119  give      _  Probable;  the  ship  being  in  the 
D.  Lat  Ii8l,  and  Dep.  145.  Kuro  SlW0»  or  J*Vm  Stream. 

In  the  foregoing  example,  the  deviation  of  the  compass  has  not  been  mentioned. 
From  what  has  been  said  in  Chapter  II.  it  must  be  evident  that  the  bearing  taken  fur 
departure  and  the  courses  steered  must  be  corrected  for  deviation,  where  there  is  any. 
As  the  deviation  changes  when  the  direction  of  head  is  changed,  it  is  obvious  that  oach 
course  must  be  corrected  separately. 

To  correct  the  Compass  for  Variation  or  Deviation. 


Count  bf  Compaq  given. 
If  Var.  or  Dev.  East  allow  to  right 
If  Var.  or  Dev.  West,  allow  to  left 
Will  give  true  course. 


Trut  Covne  fftoem. 
If  Var.  or  Dev.  Enst,  allow  to  left 
If  Var  or  Dev.  West  allow  to  right 
Will  give  magnetic  coune. 


To  Correct  the  Compass  Courses. 

Easterly  Variation  or  Deviation  is  +  to  all  points  between  N.  and  E. S.  and  W. 

Westerly  Variation  or  Deviation  is  —  from  all  points  between  N.  and  E....S.  and  W 
Easterly  Variation  or  Deviation  is  —  from  all  points  between  N.  and  W....S.  and  E. 
Westerly  Vacation  or  Deviation  is  +  to  all  points  between  N.and  W.......8.  and  E. 

To  Convert  a  True  Course  or  a  Correct  Magnetic  Conrso  into  a  Compass  Course. 

Easterly  Variation  or  Deviation  is  —  from  all  points  between  N.  and  E....S.  and  W. 

Westerly  Variation  or  Deviation  is  +  to  all  points  between  N.  and  E. S.  and  W. 

Easterly  Variation  or  Deviation  is  +  to  all  points  between  N.and  W 8.  and  E. 

Westerly  Variation  or  Deviation  is  —  from  all  points  between  N.  and  W....S.  and  E. 

In  the  following  examples  the  Deviations  from  table  of  No.  227 
have  been  applied  to  the  Compass  Courses,  to  obtain  the  Correct 
Magnetic  Courses. 
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THE   SHIPS  JOURNAL. 


Ex.  2.  The  Departure  is  taken  from  the  Eddystone,  bearing  N.N  E.  12  miles  Ship*« 
head  S.  by  E.  Toe  ship  ran  S.  by  E.  14  (miles),  S.  by  W.  10,  and  S.W.  by  W  8 
Allow  250  westerly  variation  Find  the  Bearing  and  Distance  of  Ushant  and  Course  to 
be  steered.* 

The  Departure  girea  a  Course  S.S.W.  (No.  418  (1)).  Correcting  this  and  the  other 
Courses  from  the  Deviation  Table,  No.  227,  S.S.W.  becomes  S.  18 D  W.  (No.  228)  S  byE. 
becomes  8.  16°  W„  8.  by  W.  becomes  S.  6°  W.;  and  S.W.  by  W.  becomes  8.  500  W. 


Compass 
Courses. 

Di«tB. 

Correct 
Magnetic 
Courses. 

N. 

& 

B. 

w. 

aaw. 

12 

S.  l8°W 

114 

37 

8.  byE 

14 

S.  16  E 

135 

39 

S.  by  W. 

10 

8.    6  W. 

99 

10 

S.W.byW. 

8 

S.  50  W. 

S'l 

61 

399 

39 

108 

3*9 

69 

Eddystone  Lat 
D.Lit. 


50° 


Lat.  in,  D.R. 


11' N. 

40  S. 

49  31  N. 

lAt.  left  500  and  Lat  in  49  J° 
give  Mid  Lat.  500. 

Then  500  and  106  as  D.  Lat. 
give  Dist.  167,  the  D.  Long. 

Eddystone  Long. 
D.  Long. 
Long,  in,  D.R, 

Lat.  in  490  31' 
Ushant  48   29 
I       2« 

Hid.  Lat.  490. 

Course  490  and  Dist.  64  giva 
D.  Lat  42 ;  this,  as  Dep.  and  D. 
Lat.  62,  give  Bearing  8.  340  W.t 
Dist.  75  m. 

N.B.— On  this  Course  allow 
for  Channel  Tidrs. 


4°  l6>  W. 

16  E. 

4     o  W. 

Long.  40  o' 
5_4 
*6V       i   4*64' 


D.  Lat  39'  9  and  Dep.  69  give  Co.  S.  io°  W.t 
Dist.  41.  Applying  250  to  the  left  gives 
Coursp  a  I5°E.  true.  Then  Ccurse  I5°and 
Dist  41  give  D.  Lat.  39  6  and  Dep.  10  6. 

Then  Course  S.  340  W.  +  Var.  250  W.  gires 
8.  59.°  W.  +  Deviation  70  W.  give  8.  66°  W., 
Course  to  be  steered  for  Ushant 

Ex.  3.  A  ship  from  lat.  o°  5'  N.,  and  hng.  o°  17'  W.,  sails  S.W.  by  S.  7  miles, 
8.  by  E.  22,S.8.W.  J  W.  8,  and  N.E.  by  E.  20.  Var.  190  W.  Position  by  Ob*.  Lat 
o°  1 5'  S.,  Long.  o°  20'  W.  Find  Compass  Course  to  be  steered,*  and  the  Dist  to  C.  Palmas ; 
also  current  experienced  in  the  24  hours. 


Lat  from  o°   5' N. 

D.  Lat  o  20  S. 

Lat.  nc,  D.R,         o   15  a 

Near  the  equator  Dep.  is  D* 
Long.,  No.  311 ;  hence, 

Long,  from  o°  17'  W. 

D.  Long.  26  E. 

Long,  in,  D.R.       o     9  E. 
ByObs. 

Lat.  o°  15'  8.    Long.  o°  20'  W. 
C.  Pal.  4  22  N.  7  44  W 

4  37-277'         7   24-444* 
D.  Lat.  277  and  Dep.  444  give 
Course  N.  580  W.,  and  Dist.  523 
miles;  Course,  N.  580  W.  Then 
-Var.  190  W.-N.  390  W. 
-Dev.    8   W.-N.  31    W„ 
Compass  Course  to  be  steered. 

N.B. — On  this  course  allow  for 
crossing  the  Equatorial  and 
Guinea  Currents. 


Compass 
Courses. 

DUt*. 

Correct 
Magnetic 
Counts, 

N. 

8. 

B. 

w. 

S.W.  by  S. 
8.  byE. 

s.aw.jw. 

N.E.  by  E. 

7 
22 

8 
20 

8.  290  W. 
S.16   E. 
8.  23  W. 
N.70  E. 

68 

61 

211 

74 

6l 
188 

3*4 
31 

68 

346 
68 

249 

6-S 

27*  ji8  4 

D.  Lat  278  and  Dep.  184  give  Co.  S.  330  E., 
Dirt.  33  miles.  Applying  190  var.  W.  to  the 
left,  gives  Course  8.  520  B.  tme.  Then  Course 
520  and  Dist.  33  give  D.  Lat  20*3  and  Dep.  26. 

To  determine  approximate  Current,  see  No*. 
190  to  297,  and  1015. 

Lat  Obsd.  o°  1 5'  8.     Long.  o°  20*  W. 

Lat.  D.R.    015  a     Long,  o 9  E. 

Approximate  Current  West       29  m. 


*  In  shaping  the  Course,  consider  the  direction 
may  be  found,  between  the  position  of  the  ship  and 


and  force  of  the  tide  or  current  thai 
the  port  steered  for. 


NAUTICAL  ASTRONOMY. 


CHAPTER  1. 

Definitions. 

419.  This  branch  of  the  subject,  as  already  defined  under  the 
head  Navigation,  No.  179,  relates  to  finding  the  place  of  the  spec- 
tator on  the  surface  of  the  earth  by  observation  of  the  heavenly 
bodies. 

420.  To  the  spectator  at  the  surface  of  the  earth  the  heavens 
appear  to  form  a  vault,  or  the  upper  half  of  a  hollow  sphere,  of 
which  he  is  the  centre ;  the  earth  itself,  or  the  ground  or  sea  on 
which  he  stands,  occupying  the  lower  half.  Any  two  points  on  the 
apparent  concave  or  celestial  surface,  as  two  stars,  for  example,  may 
be  supposed  to  be  connected  by  an  arc  of  a  circle  drawn  on  that 
surface :  and  thus  the  apparent  celestial  sphere  may  be  conceived  to 
be  marked  with  circles  like  the  terrestrial  globe. 

421.  The  spectator  stands  with  his  feet  towards  the  centre  of  the 
globe;  that  is,  a  plumb-line,  which  is  vertical,  passes  through  the 
spectator  and  this  centre;*  and  thus  the  spectator  always  conceives 
himself  on  the  summit  of  the  globe.f  Suppose  him  now  to  descend 
the  above  line  to  the  centre,  and  then  suppose  the  upper  half  of  the 
earth  or  globe  to  be  cut  off  horizontally,  that  is,  parallel  to  the 
horizon,  or  perpendicular  to  the  plumb-line.  The  surface  of  the 
lower  half-globe,  or  hemisphere,  so  exposed,  being  produced  on  all 
sides  to  meet  the  concave  celestial  surface,  is  called  the  Rational 

•  The  earth  is  here  supposed  to  be  a  globe ;  the  plumb-line  does  not  exactly  pass  through 
the  centre  of  the  spheroid,  out  the  difference  is  not  worth  notice  here. 

f  This  is  the  principle  of  rectifying  the  globe,  or  placing  the  globe  to  shew  the  relatrna 
position  of  the  spectator  and  the  heavens. 

To  rectify  the  globe,  as,  for  ex.,  for  Greenwich,  in  5iaN.  Lat  Place  the  globe  on  t 
level  surface,  so  that  the  broad  rim,  or  horizon,  shall  be  horizontal.  Take  hold  of  the  brass 
meridian,  and  torn  the  globe  round  in  its  stand  (upwards  or  downwards)  until  the  N.  pole  is 
5 1°  above  the  rim. 

Direct  the  N.  point  of  the  rim  (now  under  the  pole)  to  the  true  north.  Turn  the  globe 
round  its  axis  till  Greenwich  passes  under  the  meridian ;  Greenwich  will  now  be  the  upper- 
most point. 

The  axis  of  the  globe  now  makes  the  same  angle  with  the  wooden  horizon  that  the  axis 
of  the  heavens  (or  line  joining  the  centre  and  the  poles)  makes  with  the  horizon  of  the  spee- 
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Hobizok.     Every  point  of  the  earth's  surface  ltas  thus  a  different 
rational  horizon,  but  all  these  horizons  have  the  same  centre. 

422.  It  becomes,  in  general,  necessary,  for  considerations  which, 
will  appear  hereafter,  to  reduce  celestial  observations  taken  at  the 
surface  of  the  earth  to  what  tney  would  have  been  if  taken  at  the 
centre;  in  the  following  figures,  therefore,  the  observer  is  supposed 
to  be  at  the  centre  of  the  earth.  The  dimensions  of  the  earth  are  so 
small  in  comparison  with  the  vast  distances  of  the  stars,  that  the 
above  change  of  place  of  the  spectator  from  the  surface  to  the  centre, 
or  to  any  other  point,  would  produce  no  change  whatever  in  the 
apparent  places  or  directions  of  the  stars ;  and,  accordingly,  the 
magnitude  of  the  earth,  in  drawing  figures  for  general  purposes,  is 
neglected,  the  earth  itself  being  considered  as  a  mere  point  in  the 
centre  of  the  great  sphere  which  circumscribes  the  stars.  In  the 
case  of  nearer  bodies,  as  the  sun  and  some  others,  and  especially  the 
moon,  which,  when  viewed  with  delicate  instruments,  appear  iu 
different  directions  when  seen  from  different  points  of  the  surface  of 
the  earth,  this  apparent  change  of  place  is  allowed  for  by  a  special 
calculation.    (See  Parallax,  No.  435) 

423.  The  Zenith  is  the  point  vertically  over  the  spectator,  and 
distant  90°  from  the  rational  horizon  at  every  point. 

The  point  opposite  the  zenith,  or  under  the  spectator's  feet,  on 
the  other  side  of  the  centre,  is  called  the  Nadir. 


Fig.  2. 


In  fig.  1,  NWS  E  represents  the  Rational  Horizon;  N8,  the 
Meridian  of  the  observer ;  N,  S,  E,  W,  the  North,  South,  East,  and 
West  points ;  Z,  the  Zenith,  which  is  seen  directly  over,  or  in  one 
with  the  centre.  This  figure  is  drawn  on  the  plane  of  the  rational 
horizon,  and  shews  the  several  circles  as  they  would  appear  to  an 
eye  looking  down  vertically  from  a  point  at  a  great  distance  above 
the  zenith. 

Fig.  2  is  drawn  on  the  plane  of  the  meridian,  and  shews  the 
several  circles  of  the  upper  or  visible  half  of  the  sphere,  as  they 
would  appear  to  the  eye  situated  at  a  great  distanca  due  east  of  the 
sphere.  In  this  figure  the  circle  N  W  S  Et  or  the  horizon,  appears 
as  a  straight  lin'   N  S   being  seen  edgeways ;  while  the  meridian, 
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which  in  rig.  1  is  the  straight  line  N  9,  appears  here  as  the  seinici"ele 
N  P  Z  8.    The  E  and  W  points  are  seen  in  one  with  the  centre. 

Of  these  two  figures,  toat  one  would  naturally  be  preferred  which 
would  best  illustrate  a  proposed  case.  Fig.  1  may  generally  be 
employed  to  exhibit  the  hour-angle  and  azimuth ;  and  fig.  2  the 
altitude,  when  the  celestial  body  is  near  the  horizon.* 

424.  P,  the  Pole  of  the  heavens,  is  the  point  which  remains 
fixed,  whilst  the  rest  of  the  celestial  surface  seen  above  the  horizon 
appears  to  revolve. 

The  pole  P  is  here  represented  as  the  North  pole;  the  other 
extremity  of  the  axis  round  which  the  sphere  appears  to  revolve  is 
the  South  pole,  and  takes  the  place  of  P  when  the  figure  is  drawn 
for  S.  Lat.    This  pole  is  called  the  elevated  pole. 

425.  The  circle  E  M  W,  90°  from  the  pole,  is  the  Celestial 
Equator.  The  plane  of  the  earth's  equator,  E  M  W,  fig.  p.  56, 
No.  180,  being  extended  to  the  heavens,  marks  on  the  sphere  the 
celestial  equator. 

426.  A  Celestial  Mbbidian  is  a  semicircle  passing  through 
the  pole  of  the  heavens ;  P  Z  8  is  the  celestial  meridian  of  the 
spectator.  The  plane  of  the  terrestrial  meridian  extended  to  the 
heavens  marks  on  the  sphere  the  celestial  meridian. 

427.  Cibcle8  of  Altitude  are  circles  passing  through  the 
zenith,  and  vertical  at  the  place  of  the  spectator.  Thus  Z  A  H  is 
the  circle  of  altitude  passing  through  a  star  A.  Such,  also,  are 
ZMS,  ZPN. 

428.  The  Prime  Vertical  is  the  vertical  circle  E  Z  W  passing 
through  the  E.  and  W.  points.  In  fig.  2,  E  Z  W  does  not  appear, 
being  in  one  with  C  Z,  a  radius  joining  the  centre  and  zenitti. 

When  the  observer  is  on  the  equator,  the  celestial  equator  and 
prime  vertical  coincide. 

429.  Altitude  is  measured  on  a  circle  of  altitude  from  the 
horizon ;  thus  A  H  is  the  altitude  of  A. 

The  arc  A  H  is  the  measure  of  the  angle  A  C  H,  which  would 
be  formed  at  the  centre  by  two  straight  lines,  C  H  and  C  A.  The 
alt  of  a  body  M  on  the  meridian  is  M  S,  which  is  the  measure  of 
the  angle  MCS. 

430.  Parallels  of  Altitude  are  circles  parallel  to  the  horizon. 

431.  Zenith  Distance  is  the  arc  included  between  the  zenith 
and  the  celestial  body,  or  the  angular  distance  of  a  body  from  the 
zenith  of  which  that  arc  is  the  measure.  The  zenith  distance  is, 
therefore,  the  complement  of  the  altitude  to  90°,  as  Z  A. 

432.  The  altitude  of  a  celestial  body,  as  seen  from  the  surface  of 
the  earth,  is  called  the  apparent  altitude ;  as  seen  from  the  centre, 
the  true  altitude. 

A  ray  of  light,  proceeding  from  the  body,  when  not  in  the  zenith, 
to  the  eye,  in  traversing  the  earth's  atmosphere,  which  is  heavier, 
or  denser,  as  it  is  nearer  the  surface,  is  bent  more  and  more  as  it 

•  In  like  manner  the  figure  may  be  drawn  in  the  plane  of  the  eqtutor  (a*  in  Nua.  Ot, 
47*),  in  that  of  the  prune  vertical,  or  any  other  circle. 
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approaches  the  earth,  towards  the  perpendicular  direction ;  and  as 
the  spectator  sees  any  object,  not  always  in  its  true  direction,  but 
in  that  direction  in  which  the  light  from  it  finally  enters  his  eye,  a 
celestial  body  appears  higher  than  its  true  place.  Thus,  the  ray 
S  A,  which  proceeds  from  a  star,  is  more 
and  more  bent  towards  the  vertical  line 
A  Z  as  it  approaches  the  surface,  whereby 
the  spectator  sees  the  star  in  the  direc- 
tion A  S',  and  therefore  higher  than  its 
true  position. 

The  ray  A  Z,  which  traverses  the 
atmosphere  perpendicularly,  undergoes 
uo  refraction.  Thus  to  the  eye  supposed 
at  the  centre  all  rays  would  proceed 
without  any  deviation ;  because  lines  drawn  towards  the  centre  of 
the  sphere  are  perpendicular  to  its  circumference,  parallel  to  which 
the  atmosphere  is  disposed. 

433.  This  alteration  in  the  apparent  place  of  a  celestial  body, 
caused  by  the  atmosphere,  is  called  the  Astronomical  Refraction. 

The  astronomical  refraction  is  0  at  the  zenith,  and  about  34'  at 
the  horizon;  hence  a  celestial  body,  when  really  on  the  horizon, 
appears  elevated  34'  above  it,  and  is  seen  on  the  horizon  when  really 
34  below  it.  From  the  same  cause  all  the  celestial  bodies  rise 
earlier  and  set  later  than  they  would  were  there  no  atmosphere. 

The  refraction  varies  with  the  density  or  weight  of  the  air,  being 

S eater  when  the  barometer  is  high,  or  the  air  cold,  and  less  when 
e  barometer  is  low,  or  the  air  warm.  The  mean  refraction,  or  that 
in  the  average  state  of  the  atmosphere,  is  given  in  Table  31,  and 
corrections  for  different  states  of  the  air  in  Tables  32  and  33. 

Since  refraction  causes  the  object  to  appear  too  high,  it  is  to  be  sub* 
traded  from  the  apparent  altitude  in  reducing  it  to  the  true  altitude. 

434.  Twilight  is  the  effect  of  the  illumination  of  the  upper 
rrf^ions  of  the  atmosphere  by  the  sun,  before  he  has  risen  or  after 
lie  has  set,  at  the  place  of  the  spectator.  Twilight  continues,  gene- 
rally,  while.the  sun  is  less  than  18°  below  the  horizon. 

435.  Parallax  in  Altitude  is  the  angular  depression  of  a 
oelestial  body,  in  consequence  of  its  being  seen  from  the  surface 
instead  of  the  centre  of  the  earth,  thus : 
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The  body  S,  which  is  vertical  to  the  spectator  (who  always  stands 
ffith  his  feet  towards  the  centre)  at  B,  in  the  line  CS,  appears  at 
T, being  seen  in  the  direction  CST;  while  to  a  spectator  at  A  the 
same  body  appears  below  T  at  U,  or  in  the  direction  A  S  U ;  the 
angle  A  S  C,  or  T  S  U,  which  is  equal  to  A  S  C.  No.  1 16,  is  the  par  alia* 
in  altitude.    (Tables  34  and  45.) 

The  spectator  at  B  sees  S  in  the  same  line  as  if  he  were  at 
the  centre;  that  is,  a  body  in  the  zenith  has  no  parallax.  To  a 
spectator  at  D,  to  whom  S  appears  in  the  horizon,  the  depression, 
or  parallax,  is  greater  than  at  any  other  point. 

The  parallax  at  the  horizon  is  called  the  Horizontal  Parallax. 

Since  parallax  makes  the  object  appear  too  low,  it  is  to  be  added 
to  the  apparent  altitude,  in  reducing  it  to  the  true  altitude. 

436.  It  is  evident,  by  the  fig.  No.  435,  that  the  farther  off  a 
celestial  body  is,  the  less  parallax  it  will  have ;  and  the  nearer,  the 
more.  The  sun  has  about  9*  hor.  par. :  the  moon  has  about  1°. 
Parallax  is  matter  of  actual  observation,  and  determines  definitively 
the  distances  of  the  sun,  moon,  and  planets. 

437.  The  parallax  will  obviously  be  less  if  the  earth's  radius  is 
less.  Now,  the  earth  being  shaped  like  an  orange,  the  radius,  or 
line  from  the  centre  to  the  surface,  in  any  latitude,  is  less  than  at 
the  equator ;  hence  the  moon's  hor.  par.  in  the  Nautical  Almanac, 
which  is  the  equatortal  -hor.  par.,  is  too  great  for  any  latitude.  The 
reduction  is  given  in  Table  41. 

438.  Since  the  apparent  altitude  is  too  great  on  account  of 
refraction,  and  too  small  on  account  of  parallax,  the  diff.  between 
these  quantities  is  the  diff.  between  the  true  and  apparent  altitudes. 
This  difference,  or  the  combined  effect  of  parallax  and  refraction,  is 
called  the  Correction  of  Altitude. 

The  moon's  Corr.  of  Alt.  is  given  in  Table  39 ;  that  of  a  star  is 
merely  its  refraction. 

439.  The  Semi-diambtbr  of  a  celestial  body  is  half  the  angle 
subtended  by  the  diameter  of  the  visible  disc. 

Thus  to  a  spectator  at  S  the  semi-diameter  of  the  body  is  half 
the  angle  subtended  by  the  diameter  D  F,  or  contained  between  the 
lines  8  D,  S  F,  supposed  to  be  drawn  from  S  to  D  and  F ;  the  half 
of  this  angle  is  D  8  C  or  C  S  F,  and  is  called  the  semi-diameter. 

It  is  evident  that  the  semi-diameter  will  be  greater  as  the  body 
is  nearer,  and  smaller  as  it  is  farther  off.  Thus  the  variations  in 
the  semi-diameter  of  the  sun  prove  that  the  distance  between  the 
son  and  the  earth  varies  at  different  times  of  the  year.     (Table  34.) 

440.  When  the  body  S  is  in  the  zenith,  it  is  nearer  to  the  spec- 
tator by  half  the  earth's  diameter,  CB,  than  when  it  is  on  the 
horizon  ;  hence  it  appears  larger  when  in  the  zenith.  This  increase 
of  apparent  dimensions  due  to  increase  of  altitude  is  sensible  in  the 
case  of  the  moon  only,  and  is  called  her  Augmentation.*  This  is 
given  in  Table  42. 

*  The  apparent  increase  of  the  magnitudes  of  the  tun  and  rooon  when  near  the  boriten 
b  a  m^rc  optical  illusion,  whatever  explanation  may  be  given  of  it ;  *or  the  instruments  07 
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441.  The  Declination  of  a  celestial  body  is  the  portion  of  the 
meridian  between  the  equator  and  the  body ;  it  is  reckoned  from  the 
equator,  and  is  either  north  or  south.  Thus,  A  B,  tig.  2,  p.  162,  is 
the  Declin.  of  A,  and  is  north. 

Since  the  declination  is  measured  on  the  celestial  meridians,  these 
are  called  also  declination  circles. 

442.  Parallels  of  Declination  are  circles  parallel  to  the  equator, 
as  the  dotted  line  through  A,  in  both  figures,  p.  162. 

Thus  declination  is  reckoned  from  the  celestial  equator  as  latitude 
en  the  surface  of  the  earth  is  reckoned  from  the  terrestrial  equator; 
and  as  both  these  circles  are  in  one  and  the  same  plane,  declination 
and  terrestrial  latitude  correspond:  that  is,  a  star  in  28°  N.  Decl. 
passes  every  day  vertically  over  all  places  in  28°  N.  Lat. 

443.  Polar  Distance  is  the  arc  of  the  celestial  meridian  between 
a  celestial  body  and  the  pole,  or  the  angular  distance  of  a  body  from 
the  pole.  When  the  Lat.  and  Decl.  are  of  the  same  name,  the  pol. 
dist.  is  the  compl.  of  the  Decl.  to  90^,  because  the  distance  from  the 
pole  to  the  equator  is  90°;  when  the  lat.  and  decl.  are  of  different 
names,  the  pol.  dist.  is  the  sum  of  the  decl.  and  90°.  Thus  the 
pol.  dist.  of  A  is  PA ;  that  of  A'  in  8.  decl.,  fig.  2,  is  PA',  which 
is  the  sum  of  90°  and  A'B. 

444.  The  Azimuth  of  a  celestial  body  is  the  angle  at  the  zenith 
contained  between  the  meridian  of  the  place  of  the  spectator  and  the 
circle  of  altitude  passing  through  the  body.  It  is  reckoned  to  begin 
from  that  part  of  the  meridian  which  is  on  the  polar  side  of  the 
zenith,  that  is,  from  the  N.  in  north  latitude ;  thus,  the  angle  P  Z  A 
is  the  azimuth  of  A. 

The  angle  MZA  is  the  supplement  of  the  azimuth  to  180°. 
This  is  often  used  for  convenience;  thus,  instead  of  N.  1329 E.,  we 
•ay  8. 48°  E. 

445.  The  angle  N  Z  A  or  P  Z  A  is  the  same  thing  as  an  angle 
NCH  on  the  horizontal  plane,  contained  between  the  north  and 
south  line  C  N,  and  a  line  from  the  eye  at  C  to  the  foot  of  the  circle 
of  altitude  H,#  which  is  the  "  point  of  the  compass"  on  which  A  is 
seen.  Now  the  angle  N  C  H  is  measured  by  the  arc  N  H ;  the 
azimuth,  accordingly,  is  measured  by  the  arc  of  the  horizon  between 
the  meridian  of  the  place  and  the  circle  of  altitude  of  the  body.  The 
ship's  course  is  the  azimuth  of  the  ship  e  head  ;  so,  also,  the  bearing 
of  an  object  is  its  azimuth ;  and  difference  of  bearing  is  difference  of 
azimuth. 

When  a  body  is  on  the  prime  vertical,  its  azimuth  is  90°. 
Since  refraction  and  parallax  take  place  vertically,  they  do  not 
affect  the  azimuth  of  a  body. 

446.  The  Amplitude  is  the  arc  of  the  horizon  between  a  celestial 
body  at  rising  or  setting  and  the  E.  or  W.  point,  and  is  the  com- 

which  the  angles  subtended  by  the  discs  are  measured  discover  no  change  of  magnitude.  The 
constellations,  as  the  Great  Bear,  Orion,  Ac,  appear  in  like  manner,  when  near  the  horixott, 
to  occupy  a  vast  space  in  the  heavens,  but  when  near  the  zenith  much  less. 

*  This  cannot  be  distinctly  represented  to  the  eye  by  figs.  1  and  2,  because  in  fig.  1  the 
poiuU  Z  and  C  coincide,  and  in  fig.  2  the  horizon  NW8E  appears  as  a  straight  line. 
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plemuut  of  the  azimuth;  thus  EH  is  the  amplitude  of  a  body  rising 
at  II.  Amplitude  is  reckoned  from  the  E.  or  W. ;  thus,  if-E  H  is 
27°,  the  amplitude  of  H  is  E.  27°  S. 

(1.)  The  great  refraction  at  the  horizon  affects  sensibly  the  appa- 
rent amplitude.  Thus,  suppose  the  spectator  in  north  lat.  facing  the 
east,  EQ  part  of  the  equator,  EZ  part  of  the  prime  vertical,  A7  a 
star  having  north  decl.  then  E  A'  is  the  apparent  amplitude  at  the 
instant  of  rising ;  but  the  star  is  known  to  be  raised,  that  is,  brought 
into  view,  in  this  case,  by  refraction,  and  therefore  has  not  yet,  in 
its  revolution,  arrived  at  the  horizon  ;  A'  is  consequently  to  the  left 
of  the  place  A,  where  it  would  rise  were  there  no  atmosphere.  Hence 
the  arc  A' A  is  applied  to  the  right 
of  the  com  pass- bearing  on  which 
A'  is  observed,  in  order  to  correct 
the  apparent  place  of  the  star  for 
the  effect  of  refraction.  This  quan- 
tity is  given  in  Table  59  A. 

In  facing  the  west  the  line  EQ 
(which  would  become  W  Q)  would 
lie  on  the  other  side  of  the  prime  vertical,  and  the  star  would  be 
seen  to  set  to  the  right  of  its  true  place. 

In  south  lat.  the  figure  drawn  above  answers  to  setting,  putting 
W.  for  E. 

(2.)  As  the  elevation  of  the  observer  depresses  the  sea-horizon 
while  it  does  not  affect  the  place  of  the  star,  it  produces  a  further 
effect  of  the  same  kind  as  that  of  refraction. 

In  the  case  of  the  moon,  as  her  parallax  exceeds  the  refrac- 
tion, the  opposite  effect  is  produced ;  that  is,  when  she  appears  to 
rise,  she  has  already,  to  an  eye  at  the  centre,  passed  the  rational 
horizon  :  thus  A  would  be  the  apparent  place  of  the  moon  at  rising, 
to  the  right  of  the  true  place  A/. 

447.  The  latitude,  or  distance  of  the  observer  from  the  equator, 
is  measured,  on  the  celestial  sphere,  by  the  distance  of  his  zenith 
from  the  celestial  equator ;  or  Z  M  is  the  measure  of  the  latitude, 
figs.  p.  162. 

Suppose  now  D,  a  star  of  N.  decl.,  on  the  meridian  at  D.,  then 
M  D  is  its  decl.  and  Z  D  its  zenith  distance ;  here  Z  M,  the  Lat., 
is  the  sum  of  the  decl.  and  zen.  dist. 

If  W  be  a  star  of  S.  decl.,  Z  M  is  the  diff.  of  Z  D'  and  M  IK. 

If  a  star  d  be  between  Z  and  P,  the  lat.  Z  M  is  the  difference  of 
M  d  and  Z  d. 

448.  When  the  object  is  to  the  south  of  the  observer,  that  is, 
when  his  zenith  is  to  the  north  of  the  body,  the  zen.  dist.  is  com- 
monly called  N. ;  when  his  zenith  is  to  the  south  of  the  body,  the 
zen.  dist.  is  called  S.  In  fig.  2,  Z  D  and  Z  D'  are  therefore  called 
North;  Zdis  called  South. 

It  appears,  hence,  that  when  the  Decl.  and  Zen.  Dist.  are  of  the 
tame  name,  their  sum  is  the  latitude  ;  when  of  different  names,  their 
difference  is  the  latitude. 

But  when  the  star  is  below  the  pole,  as  at  d,  the  Lat.  Z  M  is 
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the  Diff.  >f  Mif  an  J  Z(f,  and  M<f  is  the  sum  of  M  P  and  Vet 
or  of  90°,  and  the  coinpl.  of  the  decl. 

449.  M  Z  bein<r  the  lat ,  P  Z  is  the  Colat.,  since  P  M  is  90°. 
Also  Z  N  being  90°,  P  N  is  the  compl.  of  P  Z,  and  therefore  equal 
to  M  Z ;  or  the  elevation  of  the  pole  is  equal  to  the  lat.  of  the 
place. 

450.  The  altitude  of  the  uppermost  point  of  the  equator  on  the 
meridian,  or  MS,  is  equal  to  the  colatitude,  because  ZS  is  90°. 
By  noting  this,  and  also  that  the  equator  passes  through  the  E.  and 
W.  points,  it  is  easy,  in  looking  towards  the  heavens,  to  figure  in 
the  mind,  roughly,  the  position  of  this  circle.    This  is  often  useful. 

451.  In  high  latitudes,  P  in  the  figure  falls  near  Z ;  in  low  lati- 
tudes, P  falls  near  N.  On  the  equator,  Z  and  M  coincide,  the 
celestial  equator  there  passing  over  the  spectator's  head. 

In  S.  Lat.  the  letters  N  and  S  in  the  figures  are  changed ;  also 
the  direction  of  the  celestial  motions  (which  we  in  N.  lat.  consider 
from  left  to  right)  is  there  reversed,  because  in  S.  lat.,  in  lookiug 
towards  the  equator,  the  E.  is  on  the  right  hand. 

452.  By  the  help  of  the  preceding  considerations  (No.  447  and 
following)  it  is  easy  to  construct  a  figure,  in  any  case,  to  exhibit 
at  once  the  manner  in  which  the  latitude  is  obtained  from  the  meri- 
dian altitude  and  the  declination. 


Ex.  1.    The  Mer.  Alt  of  the  sun,  observed  to  the  southward,  is  5*0 ;  his  Ded.  H°N 
Fig.  I.  Draw  a  quadrant  ZCS  by  means  of  the  chord  of  6o°  (No.  107).   Lay  off;  by  the 
scale  of  chords,  the  Alt  S  0,  580,  or  the  sen.  dist.  Z  0,  310.    Lay  off  the  Ded.  140  to 
the  touthward  of  the  ran,  as  ©  M,  since  he  is  to  the  northward  of  the  equator;  then  M  is 
on  the  equator,  and  Z  M  is  the  Lat.  north,  and  measures  46°. 

Ex.  2.  The  Mer.  Alt  of  the  sun,  south  of  the  observer,  is  190;  his  Ded.  1S0  S. 
Kg.  2.  Layoffs©,  190,  and  ©M,  1 8°  to  the  N.  of  the  sun;  then  M  is  the  place  of  the 
equator,  and  Z  M,  the  Lat.  north,  measures  430. 

Ex.  S.    The  Mer.  Alt  of  the  sun,  north  of  the  ooserrer,  Is  380;  his  Ded.  i4°N. 
Fig.  3.  Lay  off  N©,  the  Mer.  Alt.  380,  and  ©M  the  Ded.  14°  to  the  S.  of  ©;  thsa 
Z  M  is  the  Lat.  south,  and  measures  3  8°. 

These  figures,  which  are  varieties  of  fig.  2,  p.  162,  are  of  the 
simplest  kind.  The  point  Z  being  marked  on  the  quadrant,  the 
place  of  the^  sun  at  ©,  north  or  south  of  the  observer,  is  given  by 
the  obser  ration  ;  his  declination  ^ives  M  the  place  where  the  equa- 
tor cuts  the  meridian ;  whence  it  is  at  once  seen  whether  Z  is  north 
or  south  cf  M,  that  is,  whether  the  Lat.  is  N.  or  S.# 


1  Alter  a  little  practice  the  observer  will  perceive,  at  the  time  of  observation,  how  to 
deduce  the  latitude  from  the  mer.  alt.  and  decl.  independently  of  the  distortions  of  n<tmm 
tbuve  (No.  448),  which  are  adopted  for  the  purpose  of  forming  a  general  rule. 
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463.  Tbe  passage  of  a  celestial  body  over  any  particular  point  or 
circle  is  called  Transit  ;  as  the  transit  of  the  meridian,  or  the  prime 
vertical,  of  a  planet  over  the  sun's  disc,  Sec. 

454.  Culmination  is  another  term  for  transit  of  the  meridian. 
The  transit  of  the  meridian  below  the  pole,  whether  above  or  below 
the  spectator's  horizon,  is  called  the  lower  culmination ;  the  other 
transit  is  called  the  upper  culmination. 

455.  Occultation  is  the  disappearance  or  hiding  of  a  celestial 
body  by  the  intervention  of  another.  Thus  the  stars  in  the  moon's 
path  are  occulted  by  her,  and  tbe  satellites  of  a  planet  by  the  body 
of  the  planet. 

456.  Eclipse  is  the  disappearance  of  a  celestial  body  in  the 
shadow  of  another.  In  an  eclipse  of  the  moon,  she  disappears 
wholly,  or  partly,  in  the  shadow  of  the  earth,  the  earth  being  then 
in  a  line  between  the  sun  and  moon.  In  an  eclipse  of  the  sun,  the 
moon,  being  then  in  a  line  between  the  sun  and  the  earth,  conceals 
from  us,  for  a  time,  tne  whole  or  part  of  the  sun. 

457.  Celestial  bodies  are  said  to  be  in  Conjunction  when  in  a  line 
together,  as  seen  from  the  centre  of  the  earth.  Bodies  having  the 
same  Right  Ascension  are  said  to  be  in  Conjunction  in  Right  Ascen- 
sion (No.  469). 

Two  bodies  are  said  to  be  in  Opposition  when  in  diametrically 
opposite  points  of  the  heavens. 

458.  It  will  be  perceived,  on  attending  to  the  circumstance,  that 
stars  which  are  visible  in  the  west  soon  after  sunset,  disappear  after 
some  days  in  the  solar  light ;  and,  in  like  manner,  that  stars  which 
are  faintly  seen  in  the  east,  before  sunrise,  become  more  distinct 
from  day  to  day.  Hence  the  sun,  besides  revolving  daily  with  the 
fixed  stars*  from  east  to  west,  has  an  apparent  yearly  motion 
amongdt  them  in  the  contrary  direction,  or  from  west  to  east,  com* 
pleting  the  circuit  of  the  heavens  in  the  coarse  of  a  year. 

459.  The  path  on  which  the  sun  appears  to  move,  or  the  great 
circle  which  he  seems  to  describe  in  the  heavens,  is  called  the 
Ecliptic. 

460.  The  ecliptic  is  divided  into  twelve  Signs,  or  portions  of  30° 
each,  called  the  Signs  of  the  Zodiac,  which  term  originally  meant  a 
space  or  belt  of  8*  wide  on  each  side  of  the  ecliptic,  to  which  the 
pianetsf  are  confined.    The  signs,  taken  in  the  order  in  which  the 

*  TT»e  stars  are  bodies  which  shine  by  their  own  light,  and  astronomers  conclude,  from 
every  analogy  yet  detected,  that  they  are  sans.  They  are  called  "  fixed/'  because  to  the 
eye  they  appear  always  in  the  same  relative  positions  with  respect  to  each  other.  The 
distance  of  the  stars  is  so  great  that  the  difference  of  angular  position,  as  seen  from  opposite 
points  of  the  earth's  orbit,  a  distance  of  a  hundred  and  ninety  millions  of  miles,  has  been 
found,  in  the  case  of  one  star  only,  to  amount  to  so  large  a  quantity  as  2",  according  to  Mr. 
Henderson's  determination  of  the  parallax  of  «  Centauri.  At  this  star,  therefore,  the  sun, 
which  to  us  appears  under  an  angle  of  above  half  a  degree,  would  subtend  an  angle  of  only 
two  hundredths  of  a  second. 

f  The  planets  are  bodies  which,  like  the  moon,  shine  by  light  received  from  the  sun  and 
reflected  to  us ;  they  revolve  round  the  sun  in  the  same  direction  as  the  earth,  but  in  different 
periods  of  time.  Mercury  $,  the  nearest  to  the  sun,  revolves  in  SS  days;  Venus  9,  the 
neit,  in  225  days.    These,  moving  in  orbits  inside  that  of  the  Earth,  are  called  inftrim 


yf   Capricornus  (the  Goat). 
ss  Aquarius  (Water  Bearer). 
X   Pisces  (the  Fishes). 
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sun  moves  through  them,  that  is,  in  the  contrary  direction  to  t)«e 
apparent  diurnal  motion,  are  as  follow:— 

<r  Aries  (the  Ram).  I       a  Libra  (the  Balance). 

8  Taurus  (the  Bull).  v\  Scorpio  (the  Scorpion). 

n  Gemini  (the  Twins).  j       /    Sagittarius  (the  Archer). 

&  Cancer  (the  Crab), 

it  Z*o  (the  Lion), 

fin.  Fi/yo  (the  Virgin). 

461.  Besides  this  perpetual  motion  from  west  to  east,  the  sun 
is  always  changing  his  declination,  which  varies  between  23°  28'  N. 
and  23°  28'  S.  He  crosses  the  equator  twice  in  the  year,  namely, 
about  the  20th  of  March,  in  comiug  up  to  us  in  N.  lat.  from  the 
southward,  and  again  about  the  23d  of  Sept.  in  going  to  the  south- 
ward. 

462.  When  the  sun  crosses  the  equator,  he  rises  and  sets  at  six 
o'clock  in  all  parts  of  the  world  ;*  at  these  times,  therefore,  the 
days  and  nights  are  every  where  equal. 

463.  The  two  points  in  which  the  ecliptic,  or  sun's  path,  thus 
cuts  the  equator,  are  called  the  Vernal,  or  spring.  Equinox,  and  the 
Autumnal  Equinox* 

484.  The  sun  attains  his  greatest  N.  decl.  about  June  21st,  and 
the  greatest  S.  decl.  about  Dec.  22d.  The  points  at  which  the  sun 
seems  at  these  times  to  be  stationary  in  declination  before  he  dimi- 
nishes it,  and  at  which  the  ecliptic  and  equator  are  most  widely, 
separated,  are  called  the  Summer  and  Winter  Solstices. 

465.  As  the  light  and  heat  received  from  the  sun  at  any  place 
vary  with  his  altitude,  and  the  time  during  which  be  remains  above 
the  horizon,  and  as  both  of  these  depend  on  the  declination,  the 
succession  of  seasons  depends  on  the  changes  of  the  declination  of 
the  sun.  The  common  or  civil  year,  as  most  convenient  for  the 
affairs  of  life,  includes  the  succession  of  the  seasons.  It  is,  therefore, 
the  interval  in  which  the  son  leaves  any  parallel  of  declination  and 
returns  to  it  again,  and  is  called  a  tropical  year.  Its  length,  that 
is,  the  average  length  of  a  number  of  such  years,  is  365*  5h48ai61,,ft 
of  common  or  mean  time.f 

planeti.  Man  <?  revolves  in  nearly  *  yean;  Jupiter  4,  in  nearly  IS  yean;  Saturn  h, 
in  29  years;  Herschel  #,  in  82  yean  ;  and  Neptune  <JJ,  in  165  yean.  These  last  are 
called  superior  planets.  Besides  these  there  are  numerous  small  planets  [287  known  in 
1890]  whose  orbits  lie  between  those  of  Mara  and  Jupiter.  Some  of  the  planets  nave 
satellites,  or  moons :  Man  baa  two,  Jupiter  four,  Saturn  eight,  Herschel  six,  and 
Neptnne  one. 

*  The  observed  times  differ  a  little  from  6k  on  account  of  refaction.  No.  44H . 

1  If  the  tropical  year  contained  exactly  365  days,  the  arrangement  of  the  calendar 
would  be  perfectly  simple ;  but  the  necessity  of  counting  by  entire  days  in  the  affairs  of 
life  has  introduced  arbitrary  expedients  for  checking  the  errors  accumulated  from  time  to 
time,  from  neglecting  the  excess  over  the  last  complete  day.  For  example,  suppose  the 
year  ends  at  midn  glit  on  Thursday,  then  new  year's  day  begins  at  the  same  instant,  that 
is  at  0>  on  Friday  morning,  while  the  old  year  is  really  not  vet  out  by  nearly  6  hours. 
Next  year  6  hours  more  of  the  new  year  will  be  anticipated,  that  is,  new  year's  day  will 
be  reckoned  12  houn  too  soon  ;  so  that  at  the  end  of  4  yean  the  beginning  of  the  new 
year  is  antiei  ate  I  by  a  whole  day.  By  adding  1  day  to  the  fourth  year  this  error  is  re- 
moved, and  the  commencement  of  the  calendar  year  is  carried  back  to  its  true  place  nearly 
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The  period  of  the  commencement  of  the  year,  which  has  been 
adopted  differently  at  different  times,  is  at  present  (as  established  in 
this  country  by  act  of  parliament)  on  January  1st,  which  is  about  11 
days  after  the  winter  solstice. 

466.  Since  it  is  summer  on  that  side  of  the  eauator  on  which  the 
eun  is,  and  winter  on  that  on  which  he  is  not,  the  seasons  in  south 
latitude  are  reversed. 

467.  In  the  continual  apparent  revolution  of  the  heavens  round 
the  earth,  the  circles  of  declination  are  perpetually  describing  angles 
round  the  poles,  which  are  called,  from  the  division  of  time  into 
hours,  Hour-Angles. 

468.  An  hour-angle,  or  horary  angle  (sometimes  called  also  Me- 
ridian Distauce),  is  the  angle  at  the  pole  contained  between  the 
meridian  of  the  place  and  the  celestial  meridian  passing  through  the 
body;  thus,  ZP  A  is  the  hour-angle  of  A  (figs.  p.  162).  An  hour- 
angle  is  measured  by  the  arc  of  the  equator  contained  between  the 
meridian  of  the  place  and  that  of  the  body;  thus  MB,  fig.  2, 
measures  ZPA. 

The  hour-angle  is  thus  measured  on  the  celestial  equator  in  thi 
same  way  as  longitude  is  measured  on  the  terrestrial  equator. 

469.  The  Right  Ascension  of  a  celestial  body  is  the  arc  of  the 
equator  included  between  the  first  point  of  Aries  and  the  celestial 
meridian  of  the  body:  it  is  reckoned  from  west  to  east.  Thus,  if  <y» 
be  the  first  point  of  Aries,  fig.  1,  p.  162,  the  arc  <r  MB  is  the  Right 
Ascension  of  the  body  A.  The  360°  of  the  celestial  equator  are 
divided  into  24h  of  R.A. 

Thus  R.A.  is  reckoned  on  the  celestial  equator  exactly  as  the 
longitude  of  places  on  the  earth  is  reckoned  on  the  terrestrial 
equator.  But  as  the  stars  do  not  preserve  that  constant  position 
with  respect  to  the  meridians  which  they  do  with  respect  to  the 
eauator,  there  is  not  that  correspondence  between  R.A.  and  longitude 
which  there  is  between  declination  and  latitude. 

470.  The  apparent  revolution  of  the  stars  is  perfectly  regular, 
and  is  the  only  motion  of  the  kind  known. 

One  revolution  of  the  earth  round  its  axis,  or,  which  is  the  same 
thing,  the  return  of  the  same  fixed  star  to  the  meridian  after  com- 
pleting  the  circle,  constitutes  a  sidereal  day;  this  day  consists  of 
23h  66*  4a  of  common  or  mean  time,  as  measured  by  clocks  and 
watches.  It  is  divided  into  24  hours,  called  sidereal  hours,  and  these 
into  sidereal  minutes  and  seconds.    Thus  a  sidereal  day  is  about  }(f 

But  the  excess  above  366*  does  not  amount  to  6h  by  11-  8#  nearly ;  hence  at  the  end  of 
the  fourth  year  an  error  of  the  oontrary  kind  it  introduced  of  44-  32%  which  amounts  to 
nearly  3  dnys  in  4  centuries.  This  error  led  to  the  reformation  of  the  calendar  by  Pope 
Gregory  X1IL,  in  1582,  when  the  Ternal  equinox,  which  at  the  Council  of  Nice,  in  325, 
had  taken  place  on  the  21st  March,  feU  on  the  1 1th.  Hence,  leaving  10  days  out  of  the 
calendar,  which  was  effected  by  calling  the  4th  of  October,  1582,  the  15th,  broug  t  matters 
'  right  again.  The  error  had  amounted  to  1 1  days  when  the  change  was  adopted  in  this 
country  in  1751. 

This  error  is  prevented  for  a  long  period  in  future  by  the  Act  24  Geo.  II.,  which  directs 
the  leap-years  1800,  1900, 2100,  and  so  on,  to  be  considered  as  common  years,  and  2000, 
1400, 2800  at  leap -years. 
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an  hour  slorter  than  a  common  or  mean  day;  and  the  sidereal 
hours,  minutes,  and  seconds,  in  the  same  proportion. 

The  sidereal  day  being  thus,  in  round  numbers,  4m  shorter  than 
the  mean  day,  a  star  that  passed  the  meridian  last  night  at  9  p.m 
will  pass  this  evening  at  8h  56m,  and  so  on,  till  after  a  few  months  ft 
will  pass  at  noon.     (See  Table  27.) 

471.  Sidereal  Time  begins  (that  is,  a  sidereal  clock,  regulated 
to  sidereal  time,  shews  C1  O11  O)  when  the  first  point  of  Aries  is  on 
the  meridian,  and  is  counted  through  24  hours,  till  the  same  point 
returns  again ;  the  hour-angle  of  this  point  is  accordingly  sidereal 
time. 

The  hour-angle  of  the  first  point  of  Aries  is  the  right  ascension 
of  the  meridian,  No.  469,  which  is  accordingly  sidereal  time.  Dif- 
ference of  FLA.  may,  in  like  manner,  be  considered  as  a  portion  of 
sidereal  time. 

472.  P  is  the  pole,  the  circle  N  W  M  E 
the  celestial  equator,  to  which  the  mea- 
sures of  all  hour-angles  are  referred. 
The  bent  arrow  shews  the  direction  of 
the  apparent  diurnal  motion  of  the  ce- 
lestial  bodies,  reckoned    from    east   to 


west  supposing  the  spectator  to  face  the 
south.     M  N  is  the  observer's  meridian. 

A  is  any  celestial  body,  as  a  star, 
which  has  passed  the  meridian  at  M, 
then  APM  is  the  hour-angle  of  A,  of 
which  the  arc  AM  is  the  measure. 

(1.)  B  is  a  star  to  the  eastward  of  the  meridian,  which  it  has 
passed  at  N;  its  hour-angle,  reckoned  westwards,  is  measured  by 
MWNB.  We  may,  however,  employ  also  B M,  the  measure  of  the 
hour-angle  reckoned  eastwards.  Thus,  instead  of  14b  1 1*  W.  we 
may  call  it  9*  49s  E.  As  in  dealing  with  hour-angles  we  refer  di- 
rectly to  the  number  of  hours  which  they  contain,  and  which  are 
measured  on  the  equator,  it  is  unnecessary  to  form  the  hour-angle  oi 
B  by  joining  B  and  the  pole. 

(2.)  Let  the  first  point  or  beginning  of  Aries  be  at  <r,  having 
passed  the  meridian  before  the  star  A ;  then  v  M  is  the  right  ascen- 
sion of  the  meridian,  that  is,  sidereal  time.  The  R.A.»of  A  is  <r  A  ; 
that  of  B  is  <r  MB,  reckoned  always  from  west  to  east,  or  opposite 
to  the  diurnal  motion ;  and  v  N  B  is  the  supplement  of  the  R.A.  of 
B  to  24  hours. 

(3.)  The  sidereal  time  <r  M  is  the  sum  of  the  arcs  <r  A  and  A  M, 
that  is,  of  the  hour-angle  and  R.A.  of  the  star  A.  Again,  <rM  is 
the  difference  between  the  arcs  aM  and  at,  that  is,  between  the 
hour-angle  of  the  star  a  and  the  supplement  of  its  R.  A.  In  the  case 
of  the  star  B,  the  sid.  time  is  the  difference  between  its  R.A.  rMB, 
and  its  hour-angle  M  B. 

Hence  it  is  easy,  when  the  hour-angle  of  a  star  of  known  R.  A.  is 
given,  at  any  instant  of  time,  to  construct  the  figure  to  shew  the 
udereal  time,  thus: — Having  drawn  a  circle,  with  the  meridian,  by 
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off,  by  a  scale  of  chorda,  the  star's  hour-angle;  the  position  of  the 
star  being  now  given,  lay  off  it*  R.  A.,  reckoning  from  the  star  in  the 
same  directum  as  the  apparent  diurnal  motion  (for  thus  the  It. A 
reckoned  back  again  from  this  point  v  will  agree  with  the  place  ol 
the  star).  This  gives  the  place  of  v,  the  hoar-angle  of  which,  reck- 
oned westward,  is  the  sid.  time  required.* 

Ex.  1.    The  hour-angle  of  a  star  is  a*  »8"  W. ;  its  R.A.  3*  47". 
Lay  off  i*  2*«  or  370,  to  the  W.  of  M,  and  3*  47-,  or  560  45%  farther  en  towards  the 
writ:  then  the  aid.  time  measures  930 45*,  or  6b  15". 

Ex.  2.    The  hour-angle  of  the  moon  is  9k  13"  W. ;  her  R.A.  18*  34*. 
Lay  off  6*.  or  900  (No.  107),  and  3*  i3»»,  or  480  15*,  from  M,  westwards.    Then  lay  off 
j  times  6b,  or  900,  and  34",  or  8°  30',  further :  the  sid.  time  measures  560  45',  or  3*  47". 

Ex.  3.    The  hour-angle  of  a  star  is  14*  11"  W.,  v  9h  49"  E. ;  its  It  A.  5*  n». 
The  aid.  time  is  19*  32". 

All  hour- angles,  which  are  differences  of  R.A.  of  the  meridian 
and  a  celestial  body,  may  be  considered  as  portions  of  sidereal  time. 
The  interval  of  time  in  which  a  body  of  variable  R.A.  describes  an 
hour-angle  depends  on  the  rate  at  which  its  R.A.  changes. 

473.  The  earth's  motion  round  its  axis  being  perfectly  uniform, 
becomes  the  real  standard  of  uniform  measures  of  time ;  but  as  any 
Ftar  passes  the  meridian  nearly  4m  earlier  every  night,  the  beginning 
of  the  sidereal  day  has  no  connexion  with  that  of  the  common  or  civil 
day,  as  determined  by  light  and  darkness. 

474.  The  hour-angle  of  the  sun,  reckoning  always  westward  from 
the  meridian,  is  Apparent  Time.  Thus,  when  the  sun's  meridian 
has  passed  over  48°  of  the  celestial  equator  to  the  westward  of  the 
meridian  of  the  place,  it  is  said  to  be  3*  12m  apparent  time.  This  is 
the  time  shewn  by  the  sun-dial. 

475.  The  interval  between  the  sun's  passing  the  meridian  on  one 
day  and  the  next,  or  the  apparent  solar  day,  is  not  always  of  the  same 
length,  the  difference  being  sometimes  half  a  minute  between  one 
day  and  the  next.  Apparent  time  serves  well  enough  in  cases  where 
this  irregularity  does  not  appear,  or  is  of  no  importance ;  as  for  ex- 
ample at  sea,  where,  from  the  continual  change  of  longitude,  the  time 
must  be  obtained  by  observation :  but  where  account  of  the  time  is 
to  be  kept  by  mechanism  alone,  it  must  necessarily  be  divided  into 
portions  of  invariable  length. 

The  time  for  general  use  must,  accordingly,  unite  the  two  advan- 
tages of  being  regulated  by  the  sun,  and  of  being  perfectly  uniform. 
The  mean  or  average  day  of  24  hours  must  therefore  be  an  average 
taken  of  all  the  days  in  the  year,  that  is,  such  a  day  as  the  sun  would 
regulate  if  he  moved  uniformly  in  R.A.     This  average  day  is  called 

*  In  the  questions  which  this  figure  illustrates,  motion  round  the  pole  only  is  const. 
3ered ;  since,  therefore,  the  place  of  a  celestial  body  on  its  meridian  is  unconnected  with  the 
Motion  of  the  meridian  itself  round  the  pole,  no  regard  is  had  to  declination. 

As  th£  spectator  will  naturally  refer  the  hour-angle  of  a  star  to  the  elevated  pole  of  the 
place,  in  south  latitude  the  figure  will  appear  reversed,  sinue  the  diurnal  motion  there  appears 
urom  right  to  left  in  facing  the  equator.  The  figure,  however,  may  be  drawn  in  that  manner 
which  may  appear  the  clearest,  the  only  point  essential  to  be  kept  in  view,  being  that  the 
R.A   is  reckoned  the  opposite  way  to  the  apparent  diurnal  motion. 
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the  mean  solar  day,  and  time  thus  regulated  is  called  mean  solar  time, 
or  Mean  Time,  which  is  that  shewn  by  clocks  and  watches. 

476.  The  sun  being  generally  either  behind  or  in  advance  of  tin 
position  which  he  would  have  occupied  if  he  had  moved  uniformly, 
mean  time  is  in  general  either  fast  or  slow,  on  apparent  time.  The 
correction  for  this  irregularity,  that  is,  the  difference  between  the 
sun-dial  and  the  mean  solar  clock,  is  called  the  Equation  of  Tims. 
Mean  time  is,  therefore,  deduced  from  apparent  time,  by  applying 
the  equation  of  time.  See  the  Nautical  Almanac,  p.  1.  or  11.,  or 
Table  62. 

477.  The  Sidereal  Time  at  Mean  Noon  is  the  right  ascension 
of  the  meridian  at  the  instant  when  the  sun,  if  he  moved  uniformly , 
would  be  on  it. 

It  is  evident  that  this  element,  from  its  nature,  varies  uniformly ; 
now,  since  the  sun's  R.A.  varies  irregularly,  and  since  the  equation 
of  time,  which  is  the  correction  that  removes  this  irregularity,  must 
also  vary  irregularly,  it  follows  that  the  unequal  variations  of  the 
equation  of  time  and  the  sun's  R.A.  are  together  equivalent  to  the 
single  and  uniform  variation  of  the  sid.  time  at  mean  noon ;  and 
herein  consists  the  great  convenience  of  employing  the  sidereal  time 
at  mean  noon,  which  has  been  given  in  the  Nautical  Almanac 
only  since  1834.* 

478.  (1.)  Let  ©  be  the  place  of  the 
sun,  at  about  4  p.m.,  m  the  place  where  he 
would  be  if  he  always  moved  uniformly ; 
then  ©M  is  apparent  time  (No.  474), 
m  M  is  mean  time,  and  m  ©  is  the  equa- 
tion of  time.  The  equation  is  here  ad- 
ditive to  a  pp.  time,  as  is  the  case  from 
January  to  March,  and  from  July  to 
August.     (See  Table  62.) 

(2.)  Let  <r  be  the  first  point  of  Aries ; 
then,  while  the  sun  and  <r  revolve,  the 
son  moves  contrary  to  the  diurnal  rota- 
tion, or  is  always  increasing  his  R.A.,  or  the  arc  r  N©,  by  nearlv 
1°  a-dav.  The  complete  revolution  of  <r  constitutes  a  sidereal  day; 
that  of  ©,  an  apparent  solar  day ;  and  that  of  m,  a  mean  solar 
day. 

After  24  sidereal  hours  the  sun  has  still  to  describe  about  1°,  or 
>ne  360th  part  of  the  circle  to  complete  it;  the  time  necessary  for 
which  is  about  one  360th  of  24  sidereal  hours,  or  4  sidereal  minutes. 
Thus  the  solar  day  is  longer  than  the  sidereal  day  by  about  4". 
The  mean  solar  day  being  divided  into  24  hours  the  sidereal  day  is 
«23h  66111  4§  of  such  a  day. 

(3.)  When  m  is  on  the  meridian  at  M,  the  a.c  Mm  <r,  or  the 


*  This  element,  which  is  the  R.A.  of  a  mean,  or  imaginary  tun,  is  a  very  different  tfainir 
from  the  R.A.  of  the  sun  at  mean  noon,  with  which  it  has  been  confounded :  the  latter  can 
differ  only  a  few  seconds  from  the  R.  A.  ©  at  apparent  noon,  but  may  differ  from  the  Sidereal 
Time  at  mean  noon  by  the  whole  amount  of  the  equation  of  time,  or  sixteen  minutes. 
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snn's  mean  R.A.,  is  the  sidereal  time  at  mean  noon.  When  m  has 
arrived  at  m  in  the  figure,  this  quantity  has  changed  by  an  atiumnt 
proportional  to  the  mean  time  M  m. 

The  0  moves  sometimes  more  quickly,  at  others  more  slowly, 
the  point  m  (which  is  merely  an  imaginary  situation  of  0,  deduced 
by  calculation,  from  knowing  the  limits  within  which  the  irregu- 
larities of  its  motion  are  confined)  moves  equably.  Hence  m  0,  the 
difference  of  these  two,  changes  unequally. 

(4  >  By  No.  472  (3)  the  sidereal  time,  or  place  of  the  point  <r  ♦  is 
obtained  from  the  hour-angle  of  any  celestial  body.  By  applying  to 
the  place  of  r  the  sid.  time  at  mean  noon,  we  obtain  the  place  of  m, 
or  mean  time. 

Thus  Mean  Time  is  found  from  the  hour-angle  of  a  star. 

479.  Since  the  sun  m  passes  over  15°  of  the  circle  in  one  mean 
bour,  he  arrives  at  the  meridian  of  a  place  15°  west  of  NM  one  hour 
after  he  has  passed  N  M,  that  is,  at  one  o'clock  of  the  time  at  any 
place,  or  all  places,  of  which  N  M  is  the  meridian.  In  like  manner 
oe  passes  a  meridian  15°  east  of  M  one  hour  before  he  arrives  at  M, 
that  is,  when  the  time  on  M  is  1 1  o'clock  in  the  forenoon,  or  23  hours 
after  the  noon  of  the  day  before. 

Thus  the  beginning  of  the  day,  and  therefore  the  hour  or  time  of 
the  day,  at  one  place  differs  from  that  of  another  place  by  the  dif- 
ference of  longitude  of  the  places;  the  time  at  the  easternmost  of  the 
two  bein"  in  advance  of,  that  is,  greater  than,  the  time  at  the  other. 
Hence  when  the  times  proper  to  two  places  at  the  same  instant  are 
known,  their  diff.  long,  is  determined,  or  the  relative  positions  of 
their  meridians.* 

480.  The  Civil  Day  is  dated  from  midnight,  and  the  twelve 
hours  are  computed  twice  over;  the  Astronomical  Day  is  dated 
from  noon,  ana  runs  through  the  twenty-four  hours. 

Ex.  1.    October  3d,  3*  18"  p.m.,  civil  time,  is  the  same  astronomical  time. 

Ex.  2.    January  3d,  4*  25"  am.  civil  time,  is  reckoned  January  id,  16*  15™  astronomical 
oe. 

Ex.  3.    April  1st,  ix  a.m.  is,  astronomically,  March  31st,  23  hours. 

481.  The  Greenwich  Date  is  the  time  at  Greenwich  corre- 
sponding to  any  given  time  elsewhere.f 

•  The  diff.  long,  is  found  as  well  by  means  of  the  motion  of  a  star  as  of  the  sun,  that  is, 
by  means  of  a  clock  or  chronometer  regulated  to  sidereal  time,  as  well  as  by  one  regulated  to 
naean  time.  For  although  the  absolute  interval  of  time  employed  by  a  star  in  moving  from 
one  meridian  to  the  other  is  less  than  that  employed  by  the  sun,  ret  it  is  divided  into  the 
same  number  of  hours,  minutes,  and  seconds,  but  which  are  of  smaller  magnitude  and  thus 
the  difference  of  time  results,  in  numbers,  the  same. 

f  Here  terminates  all  requisite  description  of  the  terms  used  in  the  rules  in  the  present 
volume.    The  other  terms  which  occur  in  the  Nautical  Almanac  will  be  described  in  the 

In  this  chapter  we  hare  sometimes  spoken  of  the  earth  as  fixed  and  the  heavens  as 
movable,  although  this  is  contrary  to  fact,  because  the  appearances  alone  furnish  us  with  the 
measures  of  time,  without  any  regard  to  the  actual  state  of  things. 

Again,  we  have  considered  the  earth  as  a  sphere  instead  of  a  spheroid  (No.  180).  The 
ci  the  oblateness,  in  an  astronomical  point  of  view,  are  that  the  planes  of  tfc* 
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482.  It  will  be  found  a  useful  exercise  of  whac  has  preceded  to 
ferify  the  following  remarks:  — 

(1.)  No  star  of  which  the  pol.  dist.  is  less  than  the  lat.  can  set, 
and  no  star  of  which  the  pol.  dist.  exceeds  9tf*  plus  the  colat.  (S  M, 
fig.  p.  162)  can  be  visible. 

(2.)  When  the  pol.  dist.  is  less  than  the  lat.  the  star  passes  the 
meridian  both  above  and  below  the  pole. 

(3.)  When  the  pol.  dist.  is  less  than  the  colat.  the  star  passes  the 
meridian  between  the  zenith  and  the  pole,  and  does  not  pass  the 
prime  vertical. 

(4.)  When  the  declin.  is  0,  or  the  pol.  dist.  90°,  the  body  rise* 
and  sets  in  the  £.  and  W.  points.  The  hour-angle  at  rising  and 
setting  is  ft*,  and  the  body  is  seen  raised  on  the  prime  vertical  by  the 
effect  of  refraction ;  unless  it  is  the  moon,  which,  from  her  parallax 
being  greater  than  her  refraction,  is  not  seen  at  the  precise  time  of 
her  rising  and  setting. 

The  object  is  above  the  horizon  for  12  hours,  and  12  hours 
below  it. 

In  this  case  the  amplitude  is  0,  except  from  the  effect  of 
refraction. 

(5.)  When  the  pol.  dist.  exceeds  90^,  the  celestial  body  rises  and 
sets  on  that  side  of  the  E.  and  W.  points  which  is  farthest  from  the 
elevated  pole ;  the  hour-angle  at  rising  and  setting  is  less  than  6* : 
the  time  during  which  the  body  is  above  the  horizon  is  less  than 
12  hours,  while  it  is  more  than  12  hours  below  the  horizon.  The 
body  does  not  pass  the  prime  vertical  above  the  horizon;  and  the 
amplitude  is  reckoned  towards  the  8.  in  N.  lat.,  and  towards  the  N. 
in  S.  lat. 

(6.)  When  the  pol.  dist.  is  less  than  90Q,  the  celestial  body  rises 
and  sets  on  the  same  side  of  the  E.  and  W.  points  as  the  elevated 
pole ;  the  hour-angle  at  rising  and  setting  is  greater  than  6\  The 
body  is  more  than  12  hours  above  the  horizon,  and  less  than  12  hours 
below  it.  The  amplitude  is  reckoned  towards  the  N.  in  N.  Lat.,  and 
towards  the  S.  in  S.  Lat. ;  the  body  passes  the  prime  vertical  twice 
The  hour-angle  at  the  passage  of  the  prime  vertical  is  less  than  6\ 
(See  Table  29.) 

(7.)  A  star  having  a  certain  declination  always  rises  and  sets  in 
the  same  points,  and  passes  the  meridian  and  prime  vertical,  or  any 
other  circle  of  altitude  at  the  same  altitude,  without  regard  to  its 
R.A. 

circles  of  altitude  (excepting  the  meridian)  do  not  pass  through  the  centre,  and  that  the 
length  of  the  radius,  or  fine  drawn  from  the  centre  to  the  place  of  the  observer,  is  different  in 
different  latitudes.  The  first  of  these  conditions  produces  no  sensible  effect  in  practice,  because 
the  Time  is  not  affected  by  it,  and  the  same  Latitude  (though  differing  from  the  latitude  on  a 
sphere  by  the  quantity  in  Table  52)  results  alike  from  all  observations,  of  whatever  kind,  of 
a  body  not  affected  by  parallax, — and  thus  the  oblateness,  however  great,  would  always  be 
neglected  in  determining  a  place  by  observation  of  the  stars  or  the  sun.  By  the  second 
condition  the  parallax  of  the  moon  is  affected,  and  a  further  correction  of  her  apparent  place 
becomes  necessary. 

We  have  also  described  the  first  point  of  np  as  fixed,  whereas  it  has  a  very  slow  motion. 
The  stars,  also,  though  called  fixed,  have  slow  proper  motions.  These  and  other  points  out 
uctttsary  to  our  present  subject  will  be  treated  more  at  large  in  the  Theory, 
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(8.)  As  the  place  of  a  star  or  any  celestial  body  is  determined  by 
its  R.  A.  and  Decl.,  and  as,  at  the  place  of  the  spectator,  the  posi- 
tion of  the  celestial  equator,  to  which  both  these  are  referred,  id 
fixed,  it  is  easy  to  know  whereabout  any  star  is  to  be  looked  for  at 
any  time.  When,  as  is  commonly  the  case,  the  time  (mean  or  appa- 
rent) is  given,  the  sun's  hour-angle  is  known ;  and  therefore,  when 
he  is  invisible,  his  place  on  the  equator  may  be  estimated.  By  means 
of  the  sun's  nlace,  and  his  R.  A.,  the  place  of  the  first  point  of  Aries 
may  be  estimated ;  then  the  star's  R.  A.  gives  the  place  uf  its  meri- 
dian on  the  equator,  and  its  declination  the  place  of  the  star  with 
respect  to  the  equator.  When  the  sidereal  time  is  given,  the  place 
of  the  first  point  of  v  is  at  once  known,  just  as  the  place  of  the 
•on  is  known  from  the  apparent  time.* 

•  The  position  of  the  equator,  and  the  relations  among  the  Latitude  of  the  place,  the 
Time,  and  the  Hoar-angle,  Altitude,  and  Azimuth  of  a  celestial  body,  are  best  illustrate! 
by  a  celestial  globe.  The  broad  horizontal  rim  represents  the  Rational  Horizon  (No.  421). 
The  brass  meridian  of  the  globe  being  laid  N.  and  S.,  and  the  Pole  elevated,  by  the  degrees 
marked  on  it,  to  the  latitude  (No.  449),  the  globe  represents  the  celestial  sphere  as  shewn 
in  figs.  1,  2,  p.  162.  The  position  of  the  sun  is  found  by  marking  the  sun  in  bis  place  in 
ILA.  and  DecL,  by  the  help  of  the  divisions  on  the  globe,  and  then  setting  the  son  at  his 
proper  hour-angle  by  means  of  the  hour-circle  near  the  pole.  The  Alt  or  Zen.  Dist.  is 
measured  by  a  graduated  slip  of  brass,  or  by  a  thread,  as  in  the  note,  p.  129.  It  is  un- 
necessary to  enter  further  into  details,  as  the  reader  who  well  understands  the  definitions 
above  will  find  no  difficulty  in  tolring  any  useful  M  problem  on  the  globe  "  which  can  be 
proposed,  without  burdening  bis  memory  with  technical  rules. 

In  the  absence  of  a  globe,  distinct  Ideas  may  he  obtained  of  the  actual  positions  of 
the  celestial  bodies  by  a  circular  card,  as  a  compass-card,  having;  the  hours  marked  on  the 
edge,  and  an  axis,  as  a  pencil,  put  through  the  centre  perpendicular  to  the  card.  If  this  axis 
be  laid  N.  and  S.,  and  the  north  end  (in  north  lat.)  raised  up  till  it  is  inclined  to  the 
horizon  at  an  angle  equal  to  the  latitude,  it  will  represent  the  polar  axis  round  which  the 
selestial  bodies  revolve,  the  card  representing  the  equator.  The  0k  being  brought  up  to  the 
sneridian,  the  hour  of  the  day  at  the  edge  will  shew  the  place  of  the  sun's  meridian  at  the 
time.  If  the  0*  be  made  the  ^nt  point  of  T,  the  hours  become  hours  of  R.A. ;  if,  then, 
the  0  be  marked  on  the  edge,  on  its  proper  R.A.,  and  then  turned  round  to  the  position 
proper  to  the  hour  of  the  day,  the  place  of  the  first  point  of  T  is  seen. 

Suppose,  now,  a  small  telescope  were  placed  on  the  axis  making  an  angle  with  tho 
plane  of  the  equator,  or  the  card,  equal  to  the  declination  of  some  star,  then,  while  this 
star  revolves  parallel  to  the  equator,  the  telescope,  kept  at  the  same  angle,  could  at  any 
time  be  directed  towards  the  star  by  merely  turning  the  axis  round,  A  large  instrument  it 
1  on  tail  prmcipU,  and  is  called  an  Equatorial.' 


CHAPTER  II. 
Instruments  of  Nautical  Astronomy, 

I.  The  Reflecting  Instruments. 
II.  The  Artificial  Horizon.    III.  The  Chronometer. 

I.  The  Reflecting  Instruments. 

483.  These  are  instruments  for  measuring  angles  between  two 
objects,  by  bringing  the  reflected  image  of  one  of  them  to  coincide 
with  the  other  seen  directly.  They  are  necessary  for  observing 
altitudes  of  the  heavenly  bodies  at  sea,  where  the  spectator  has 
no  fixed  point  of  reference  except  in  the  horizon.  On  shore,  and 
often  on  a  field  of  ice,  the  fixed  point  required  in  observing  alti- 
tudes is  obtained  by  means  of  the  artificial  horizon. 

484.  The  instruments  of  this  class  which  are  in  most  common 
use  are  the  quadrant,  sextant,  and  reflecting-circle.  For  conve- 
nience, we  shall  describe  the  adjustments  generally  under  the  two 
former;  and  as  every  person  in  possession  of  an  instrument  will  be 
instructed  by  the  maker  or  some  expert  person  in  the  names  of 
the  different  parts,  and  also  in  the  mode  of  handling  it,  and 
packing  it  in  the  case  without  danger  of  distortion,  we  shall 
confine  ourselves  merely  to  matters  of  general  reference. 

1.  The  Quadrant  and  Sextant. 

485.  The  quadrant  contains  an  arc  of  more  than  45°,  and 
measures  a  few  degrees  more  than  90° ;  it  is  usually  made  of  wood, 
and  the  graduated  arc,  which  is  ivory,  reads  to  minutes,  and 
sometimes  to  80".  The  sextant  measures  a  few  degrees  more 
than  120° ;  it  is  made  of  brass,  and  sometimes  reads  to  10".  The 
quadrant  serves  for  common  purposes  at  sea,  but  the  sextant  is 
required  for  taking  a  lunar  observation. 

The  observer  should  be  in  the  habit  of  employing  good  instru- 
ments of  their  kind,  as  inferior  instruments  naturally  induce 
careless  and  imperfect  observation. 

486.  The  sextant  made  of  a  very  small  size,  and  thence  called 
the  Pocket  Sextant,  is  adapted  to  the  use  of  surveyors,  tra- 
vellers and  others,  on  occasions  in  which  minute  accuracy  is  not 
necessary. 
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[1.]  Manner  qf  Unnff. 

487.  To  take  the  sun's  altitude  at  sea.  Set  the  index  at  0,  put 
down  a  screen  before  the  central  mirror,  hold  the  instrument  iu  a 
rertical  position,  and  direct  the  sight,  through  the  sight-vane  and 
horizon -glass,  to  that  part  of  the  horizon  which  is  exactly  under  the 
sun.  Now  move  the  index  on  with  the  left  hand,  and  the  image  of 
the  sun  will  appear  to  descend  towards  the  horizon.  Vibrate  the 
instrument  round  the  line  of  sight,  and  make  the  lower  limb  touch 
the  horizon :  this  gives  the  observed  altitude  of  the  lower  limb. 

488.  This  last  altitude  is  sometimes  near  enough ;  but  for  accu- 
racy, having  made  a  rough  contact  as  above,  put  in  the  telescope, 
previously  set  to  distinct  vision  by  looking  through  it  at  the  horizon*, 
the  image  being  now  magnified,  the  contact  is  made  more  correctly. 
In  general  the  telescope  should  not  be  fixed  till  a  rough  contact  ha9 
been  made,  because  it  narrows  the  field  of  view,  and  increases  the 
difficulty  of  bringing  the  images  together. 

The  contact  must  be  made  in  the  centre  of  the  field  :  if  it  is  too 
near  the  plane  of  the  instrument,  or  too  far  from  it,  the  angle  will 
be  too  great  by  the  quantity  in  Table  54.* 

489.  When  there  is  a  tangent-screw,  clamp  the  index,  and  make 
the  contact  perfect  bv  turning  the  screw, — some  further  remarks  on 
which  will  be  made  in  the  proper  places. 

The  tangent-screw  should  be  kept  nearly  middled  when  not  in 
Me. 

490.  To  take  the  altitude  of  a  star.  Set  the  index  to  0,  direct 
the  sight  to  the  star,  hold  the  instrument  vertically,  and  move  the 
index  onwards :  the  image  of  the  star  will  be  seen  to  descend.  This 
method  is  proper  to  avoid  bringing  down  the  wrong  star,  but  should 
not  be  practised  with  the  sun,  as  it  exposes  the  eye  to  an  intense 
light,  which  may  derange  it  for  the  whole  observation. 

491.  The  shades,  or  coloured  glasses,  placed  before  the  two 
mirrors,  tend  to  equalise  the  brightness  of  the  object  and  the  image, 
and  sometimes  distinguish  one  from  the  other  by  the  difference  of 
colour.  The  shades  require  to  be  particularly  well  ground,  because, 
if  the  surfaces  are  not  strictly  parallel,  the  rays  in  passing  through 
the  glass  are  turned  out  of  their  former  direction :  hence,  when  a 
defective  shade  is  placed  before  each  of  the  mirrors,  the  angle  is 
affected  by  the  sum  or  the  difference  of  the  errors  due  to  the  shades. 
It  is  advisable,  therefore,  in  general,  to  employ  a  dark  glass  at  the 
eve-end  of  the  telescope,  by  which  the  shade  before  one  or  both  of 
the  mirrors  may  be  dispensed  with.  Also,  if  this  glass  is  not  per- 
fect, the  rays  from  the  object  and  the  image  are  affected  alike,  and 
the  angle  between  them  remains  unchanged. 

A  card  screen,  to  slip  over  the  eye-end  of  the  telescope,  is  useful 
in  protecting  the  eye  from  accidental  glare. 

492.  The  observer  acquires,  by  attention,  the  power  of  estimating 

*  Mr.  Hartnup,  director  of  the  observatory  at  Liverpool,  acquaints  me  that  he  hai  con- 
fixetly  found  sextant  observations  to  come  out  more  accurately  in  proportion  at  he  narrowed 
fUs  field  by  closing  the  wires. 
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the  proper  angle  at  which  to  set  the  index  for  a  rough  contact,  and 
thus  saves  time.  It  also  effects  some  saving  of  time  to  have  the 
tabes  of  the  telescope  marked  at  the  observer's  focus. 

493.  When  the  aneular  distance  between  two  objects  is  to  be 
measured,  the  plane  of  the  instrument  is  held  in  the  line  joining 
them,  and  the  sight  is  directed  to  the  fainter  of  the  two.  When, 
therefore,  the  brighter  object  is  to  the  right,  the  instrument  is  held 
face  upwards,  and  the  image  of  the  right-hand  object  brought  to 
touch  the  left-hand  object  seen  directly ;  but  when  the  brighter 
object  is  to  the  left  (as  in  observing  the  distance  between  the  sun 
and  moon  in  high  north  latitudes  in  the  forenoon),  the  instrument 
must  be  held  face  downwards,  the  sight  being  directed  to  the  right- 
hand  object.  The  contact  must  be  made  in  the  centre  of  the  field, 
as  directed  above. 

[2.]  Reading  off  the  Angle. 

494.  The  angle  having  been  ob-erved,  its  measure  is  to  be  read 
off.  The  arc  being  divided  into  degrees,  and  these  subdivided  into 
halves,  thirds,  &c,  the  smallest  division  contains  several  minutes, 
and  the  angle  can  thus  be  read,  but  roughly,  from  the  arc  itself. 

In  order  to  read  to  1',  or  a  fraction  of  1',  a  scale  called  a  vernier 
is  applied  to  the  arc ;  this  is  a  portion  of  an  arc  having  the  same 
centre,  and  divided  into  one  part  more  than  an  equal  portion  of  the 
arc  itself.  The  manner  in  which  a  more  minute  reading  is  obtained 
may  easily  be  understood  from  the  following  example : — Suppose  a 
division  on  the  arc  to  be  ±  of  1°,  or  2(Z,  and  the  vernier  to  be  equal 
in  length  to  19  divisions,  or  6°  2C,  but  divided  into  20  equal  parts ; 
then  each  of  the  divisions  on  the  vernier  is  -&  of  &*2XY  or  38Cr,  that 
is  19*,  and  therefore  the  difference  between  one  division  on  the  arc 
and  one  on  the  vernier  is  1'. 

Suppose  the  beginning  of  the  rentier  and  that  of  the  arc  to  coincide,  as  in  Fig.  1 ;  then 
the  Ant  of  the  dividing  lines  of  the  vernier  falls  short  of  the  first  dividing  line  of  the  arc  by 
I't  therefore,  if  we  mike  these  lines  coincide,  we  advance  the  vernier  I .  Again,  to  make 
Dm  second  dividing  lines  of  each  coincide,  we  most  move  the  vernier  through  i',  and  so  on. 

I«  Fig.  2  the  o  of  the  vernier  stands  between  io'  and  40'  after  the  division  at  30,  and  the 
font  coincidence  is  at  9 ;  hence  the  arc  measured  is  30  29'. 


Ffc.i. 
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When  the  index  is  moved  the  contrary  way,  the  o  of  the  vernier  goea  off  the  are,  a*  seen 
in  fig.  3.  As  the  20  of  the  vernier  stands  at  6°  20'  when  the  two  seros  coincide,  if  we  move 
ft  i'  to  the  right,  the  coinckknee  will  occur  at  19,  and  at  18  if  we  move  it  1',  and  so  on* 
Hence,  to  measure  an  angle  offtkt  arc,  we  must  read  from  the  end  of  the  vernier.  The  am 
ibewn  is  32' off  the  arc 

[3.]  Abutments. 

495.  (1.)  The  Index-Glass,  or  central  mirror,  mast  be  perpen- 
dicular to  the  plane  of  the  instrument. 

Set  the  index  about  60° ;  then,  if  the  image  of  the  arc  in  the 
mirror  appear  in  perfect  continuation  with  the  arc  itself,  the  adjust- 
ment is  perfect;  if  the  reflection  seem  to  droop  from  the  arc  itself, 
the  mirror  leans  back  ;  if  it  rise  upward,  the  mirror  leans  forward. 
The  position  is  rectified  (in  quadrants  only)  by  the  screws  on  tlie 
back.  This  adjustment  generally  rests  with  the  maker,  but  it  should 
be  occasionally  verified  by  the  observer. 

(2.)  The  Horizon-Glass,  or  fixed  mirror,  must  be  perpendicular  to 
the  plane  of  the  instrument. 

Set  the  index  to  0,  hold  the  instrument  horizontally,  look  through 
the  glass  at  the  sea-horizon,  or  other  distant  object,  and  give  the 
instrument  a  small  nodding  motion:  then  if  the  reflected  image 
appear  neither  above  nor  below  the  real  object,  the  adjustment  is 
perfect ;  if  the  image  be  the  lower,  the  glass  stoops  forward;  if  it  be 
the  higher,  the  glass  leans  backward.  The  position  is  rectified  by  the 
•crews. 

(3.)  The  line  of  sight  of  the  telescope  must  be  parallel  to  the 
plane  of  the  instrument  in  which  the  index  moves. 

Place  the  two  wires  of  the  telescope  parallel  to  the  plane  of  the 
instrument.  Select  two  distant  objects  from  100°  to  120°  apart,  as 
two  stars,  or  the  sun  and  moon,  and  make  an  exact  contact  at  the 
lower  wire,  or  that  nearest  the  instrument.  Now  move  the  instru- 
ment so  as  to  throw  the  images  in  contact  upon  the  upper  wire ;  if 
the  contact  is  still  perfect  (the  images  having  overlapped  in  the 
middle  of  the  field),  tne  adjustment  is  perfect ;  if  they  have  separated, 
the  object-end  of  the  telescope  droops ;  if  they  overlap,  it  rises.  The 
position  is  rectified  by  the  screws  in  the  collar.  When  this  adjust- 
ment is  defective,  the  observed  angle  is  always  too  great.  (See 
Table  64.) 

[4.]  Index-Error. 

496.  The  graduation  of  tne  arc  should  commence  at  a  certain 
point ;  when  this  is  not  the  case,  the  Index-Error,  as  it  is  called, 
must  be  measured. 

The  point  at  which  the  graduation  of  the  arc  is  supposed  to  begin, 
is  that  at  which  the  index  stands  when  the  mirrors  are  parallel!  as 
is  the  case  when  the  image  of  a  distant  object  is  seen  to  coincide  with 
the  object  itself.  The  index-error,  therefore,  is  merely  the  error  of 
the  place  of  the  beginning  of  the  divisions,  and  affects  all  angles 
alike. 

To  find  the  Index-Error.  (1.)  By  the  Horizon  Hold  the  instru- 
ment vertically,  and  make  the  image  of  the  horizon  coincide  with 
the  horizon  itself  as  accurately  as  possible.     If  the  0,  or  zero  of  the 
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index,  now  stand  at  0,  there  is  no  index-error ;  if  it  stand  on  tht 
arc,  the  index-correction  is  so  much  subtractive  ;  when  off  the  arc, 
additive.* 

Ex.  The  horizon  and  its  image  being  made  to  coincide,  the  reading  te  %'on  (be  arc  Then 
5'  M  the  Indbx  Cobjlxctiow  to  be  subtracted  from  every  angle  observed. 

Any  distant  object,  or  a  bright  star,  answers  the  purpose. 

(2.)  By  the  Sun.  Measure  the  sun's  horizontal  diameter,  f 
moving  the  index  forward  on  the  divisions ;  read  off  the  measure 
which  will  he  on  the  arc ;  then  cause  the  images  to  change  sides  by 
moving  the  index  back ;  take  the  measure  again,  and  read  off;  this 
reading  will  be  off  the  arc :  half  the  difference  of  the  two  readings 
is  the  index-correction. 

When  the  diameter  on  the  arc  is  the  greater,  the  correction  is 
subtractive;  when  the  lesser ,  additivc.% 


Ex.1. 


Ind.  Cor*,  tubtraet      i    jo 


On  the  arc 

3*'  io' 

Off 

*9   5° 

a   *o 

Ex.  2.    On  the  are      30'  10" 
Off  33  4g 

3  y> 

Ind.  Corr.  add  1  45 


Iu  consequence  of  the  spring  or  elasticity  of  the  index-bar,  the 
error  will  be  different  for  the  onward  and  for  the  backward  motion 
of  the  index.  It  has  been  recommended,  therefore,  to  turn  the 
tangent-screw  right  and  left  alternately,  in  making  successive  con- 
tacts, by  which  a  partial  compensation  is  obtained.  This  source  of 
discrepancy  is,  however,  effectually  removed  by  taking  all  observa- 
tions, including  that  for  index-error,  with  the  same  motion  of  the 
index-bar.  The  onward  motion  being  adopted  as  the  most  natural, 
the  tangent-screw  is  always  employed  to  close  the  object  and  the 
reflected  image,  and  is  thus  always  turned  in  the  same  direction. § 

One-fourth  of  the  sum  of  the  two  readings  should  be  equal  to  the 
sun's  semi-diameter  in  the  Nautical  Almanac.  This  affords  a  test  ot 
the  accuracy  with  which  the  observation  has  been  made. 

497.  The  adjusting  screws  are  never  to  be  touched  except  from, 

*  When  the  mirrors  are  parallel,  a  Terr  distant  object  is  exactly  covered  by  its  image  ; 
but  at  a  near  object  the  distance  between  the  mirrors  snbtends  a  sensible  angle,  or  has 
sensible  parallax,  and  this  coincidence  does  not  take  place.  The  parallax  of  a  12 -inch  sextant 
at  hnlf  a  mile  distance  is  about  21",  and  is  smaller  for  smaller  dimensions  and  greater  dis- 
tances, in  simple  proportion.  Hence,  for  the  purposes  of  adjustment,  distances  exceeding 
this  should  be  employed. 

Captain  Beechey  suggests  a  method  of  adjustment  by  parallel  rays.  Naut  Mag.  1844. 
p.  505. 

t  As  the  refraction  increases  towards  the  horizon,  the  lower  limb  is  more  raised  than 
the  upper  limb,  and  the  vertical  diameter  is  shortened.  This,  at  very  low  altitudes,  produces 
4  flattened  or  oral  form  in  the  sun  and  moon. 

t  If  both  readings  are  on  the  arc,  which  can  only  occur  when  the  index-error  is  nearly 
half  a  degree,  the  ind.  corr.  is  the  mean,  and  subtractive ;  if  off,  additive. 

$  Sir  F.  Beaufort,  to  whom  I  am  indebted  for  the  suggestion,  acquaints  me,  that  from 
the  sensible  influence  of  the  spring  of  the  index-bar  in  nice  observation  he  uniformly  adhered 
to  this  plan,  and  caused  it  to  be  followed  by  his  officers. 

The  late  Captain  Basil  Hall  informed  me  that  he  made  it  his  practice  to  obtain  the 
index-error  both  for  the  onward  and  the  backward  motion  of  the  index  employing  the 
former  error  in  all  observations  by  the  onward  motion,  men  as  the  lunar  distarce  when 
tin-reusing,  and  the  latter  in  obatrvatione  by  the  reverse  motion,  at  for  the  lunar  distance 
irhen  decreasing. 
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necessity,  and  then  with  the  greatest  possible  caution.*  When  two 
screws  work  against  each  other,  care  must  be  taken,  in  tightening 
one,  to  loosen  the  other  if  necessary. 

498  Besides  errors  from  these  causes,  there  are  others  which 
are  neither  detected  nor  remedied  so  easily  :  the  divisions  on  the  arc 
are  liable  (though  in  these  days  in  a  very  slight  degree)  to  inaccu- 
racy, and  the  centering  of  the  arc  is  not  always  perfect.+ 

In  order  to  test  the  accuracy  of  the  arc  in  either  of  these 
respects,  in  different  places,  it  has  been  proposed  to  measure  the 
distance  of  two  stars,  comparing  the  distance  with  that  shewn  by  a 
circle,  or  by  an  approved  sextant,  or  deduced  from  calculation.): 
The  absolute  error  being  thus  found  for  certain  places  on  the  arc, 
the  correction  for  any  angle  may  be  inferred  by  proportion. 

499.  As  the  two  sides  of  the  coloured  glasses  are  not  always 
exactly  parallel,  the  shades  may  vitiate  the  angle.  (No.  491.)  Some 
observers  find,  by  actual  trial,  the  error  due  to  any  shade  or  com- 
bination of  shades.  The  shade  in  the  eve-piece,  as  before  stated,  has 
not  this  defect ;  §  but  an  image-shade  is  generally  indispensable  in 
taking  a  lunar  observation. 

[5.  J  Methods  of  Increasing  the  Efficiency  of  the  Sextant. 

500.  The  necessity,  under  certain  circumstances,  of  observing 
large  angles,  and  the  difficulty  of  measuring  them,  arising  from  the 
obliquity  with  which  the  rays  of  light,  in  such  cases,  mil  on  the 
central  mirror,  have  led  to  the  suggestion  of  various  plans  for 
extending  the  powers  of  the  sextant. 

Capt.  Fitzroy  has  employed  an  additional  fixed  horizon-glass, 
placed  at  a  constant  angle  with  the  ordinary  one,  by  means  of  which 
the  image  of  an  object  above,  or  to  the  right-hand  of  another  in  the 

*  Particular  attention  is  called  to  this  point,  because  it  is  a  common  railing  of  "  over- 
hand j  gentlemen"  (to  use  Troughton's  language)  to  "torment"  their  instruments.  It  it 
better  that  error  should  exist,  provided  that  it  is  allowed  for  nearly,  than  that  mischief  should 
ensae  to  the  instrument  from  ignorant  attempts  at  a  perfect  adjustment;  and  the  skilful 
observer,  instead  of  implicitly  depending  upon  the  supposed  perfection  of  his  instrument,  wil! 
endeavour  to  avail  himself  of  those  cases  in  which  errors,  if  they  exist,  will  destroy  each 
other. 

t  It  is  also  necessary  that  the  two  surfaces  of  the  central  mirror  should  be  exactly 
parallel.  This  parallelism  can  be  tested  only  by  observing  an  angle  between  two  objects 
i2o°  or  1300  apart,  and  then  repeating  the  observation  with  the  mirror  in  a  reversed  position. 
Half  the  difference,  if  there  is  any,  between  the  two  results  is  the  angle  between  the  sur- 
faces. As  in  the  best  instruments  the  mirror  is  fixed,  this  cannot  be  put  in  practice,  and 
the  consideration  is  therefore  omitted  from  the  adjustments  in  the  text.  This  error,  how- 
ever, when  it  exists,  is  obviated  by  the  method  described  in  the  next  sentence  of  the  text. 

%  The  stars  for  this  purpose  must  be  taken  from  the  Nuutical  Almanac,  as  the  places  are 
required  with  precision.  The  true  distance  may  then  be  computed  by  the  rule  No.  339  (2), 
using  the  Diff.  of  the  stars'  right  ascensions  for  D.  Long.,  and  their  polar  distances  for  the 
colatitudes.  The  true  distance  may  then  be  reduced  to  the  apparent  (which  is  that  mea- 
sured by  the  instrument),  by  No.  842,  substituting  one  of  the  stars  for  the  moon,  omitting 
the  second  corr.,  and  applying  the  other  star's  correction  the  opposite  way  to  that  laid  down 
in  the  tabulated  directions  for  the  star. 

§  Working  with  the  artificial  horizon,  the  eye-piece  of  the  inverting  tube  should,  if 
possible,  be  used  instead  of  the  shades  of  the  sextant ;  if  shades  are  used,  endeavour 
always  to  use  the  same.  The  meridian  altitude  of  the  sun  should,  if  possible,  be 
observed  with  the  eye-piece,  as  the  latitude  obtained  from  it  can  then  be  meaned  mora 
satisfactorily  with  that  determined  by  the  stars, 
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line  of  sight,  is  seen  in  the  field  when  the  index  is  at  0,  and  thus 
a  portion  of  the  angle  is  measured  in  addition  to  that  on  the  arc 

501.  Admiral  Beechey  had  a  sextant  constructed  with  a  second 
central  mirror  over  the  usual  one,  and  working  on  the  same  pivot, 
the  arc  of  which,  being  concentric  with  the  usual  arc,  is  divided 
by  the  same  stroke.  Both  index-glasses  are  adapted  to  the  same 
horizon-glass.* 

Any  angle  is  measured  by  putting  one  index  forward  upon  the 
arc  to  any  convenient  number  of  degrees,  and  moving  the  other 
until  both  reflected  images  are  seen  in  the  horizon-glass. 

Each  arc  has  its  proper  index-error. 

502.  Mr.  C.  George,  R.N.,  has  constructed  a  double  pocket- 
sextant,  by  joining  two  small  sextants  by  the  face.  This  instru- 
ment, which  scarcely  exceeds  the  box-sextant  in  size,  possesses  for 
various  approximate  purposes,  and  for  surveying,  the  advantages 
of  the  double  sextant.f 

o03.  The  double  sextant  has  some  important  advantage*;  it 
affords  two  alts,  of  the  same  or  different  celestial  bodies  in  quick 
succession:  this  is  a  point  of  much  consequence  when  the  body 
appears  for  short  intervals  only,  as  between  flying  clouds,  and  also 
in  observing  at  night,  as  it  saves  the  disturbance  to  the  eye  caused 
by  reading  off;  it  measures  the  angular  distance  between  opposite 
points  of  the  horizon,}:  and  thus  serves  as  a  dip  sector ;  it  measures 
two  terrestrial  angles  at  the  same  instant,  and  thus  serves  as  a 
director. 

The  index-error  of  a  compound  angle  measured  by  a  double 
sextant  is  composed  of  the  errors  proper  to  each  arc. 

The  error  of  parallelism  (No.  495)  in  a  compound  angle  is  mate- 
rially reduced,  since  in  practice  each  portion  is  less  than  90°. 

504.  In  observing  altitudes  at  sea  by  the  double  sextant,  set  any 
ancrle  on  the  upper  sextant ;  then,  facing  that  part  of  the  horizon 
fehich  is  opposite  the  sun,  find  his  image,  and  bring  up  the  horizon 
to  the  lower  limb,  by  moving  the  lower  index :  the  sum  of  the  two 
readings  is  the  suppl.  of  the  alt.  of  the  upper  limb,  affected  by  the 
dip  and  the  index-error. 

Now  unclamp  the  indexes,  set  the  upper  one  to  an  angle  less 
than  the  alt.,  And  the  image  under  the  sun,  and  bring  up  the  horizon 
to  the  lower  limb :  the  sum  of  the  readings  is  the  alt.  of  the  lower 
limb,  affected  by  the  dip  and  the  index-error. 

Half  the  difference  of  the  two  sums  is  the  app.  zen.  dist.  cleared 
of  the  dip,  serai-diameter,  and  index-error. 

*  Admiral  Beeehey  acquainted  me  that  he  eoostneted  this  sextant  for  the  purpose  of 
obtaining  the  measures  of  the  angles  between  two  tenestrial  objects  at  the  same  instant 
and  by  one  observer :  a  point  of  considerable  importance  in  surveying,  or  in  laying  down 
soundings,  while  the  observer  himself  is  in  motion.  A  further  advantage  afforded  bj  the 
construction  is,  that  when  the  right-hand  object  is  too  faint  to  be  n fleeted,  the  sexfent 
does  not  require  to  be  inverted.    The  instrument  is  constructed  by  Cary. 

f  Made  by  Cary. 

t  The  difference  between  this  angle  and  i8o°  is  twice  the  apparent  dip.  Thus,  if  this 
angle,  measured  downwards,  is  1790  48'  30",  the  apparent  or  actual  dip  is  5'  45".  Tut 
iiy  sector,  being  inconvenient  and  little  used,  is  not  described  in  the  teju. 
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2.  T/te  Repeating  Reflecting  Circle. 

505.  Ou  this  circle  the  measure  of  the  angle  observed  by  reflec- 
tion, as  in  a  sextant,  is  carried  over  any  part  or  the  whole  of  the 
circumference:  this  is  effected  by  making  the  horizon-glass  itself 
movable  round  the  centre,  and  attaching  to  it  a  vernier.  By  thus 
repeating  the  same  angle  on  different  parts  of  the  divided  edge,  the 
errors  of  the  index,  of  the  coloured  shades,  and  of  the  centering,  are 
nearly,  if  not  altogether,  removed ;  also,  since  the  indexes  follow 
each  other  round  the  circle  (each  mirror  alternately  acting  the  part 
of  the  fixed  horizon-glass),  the  angle  finally  registered  is  the  sum 
total  of  all  the  repetitions;  and  thus  one  reading  alone  contains  the 
result  of  any  number,  however  great,  of  separate  observations.  The 
arc  read  off,  divided  by  the  number  of  observations,  gives  the  mea- 
sure of  the  required  angle. 

506.  When  the  angle  changes  during  the  observation,  the  arc 
finally  registered  is  not  the  mere  repetition  of  the  same  angle,  but 
the  sum  total  of  different  angles ;  it  is  therefore  necessary  to  under- 
stand how  the  time  is  to  be  noted. 

Suppose,  for  example,  at  5h  io"  the  angle  is  450,  and  at  5*  26™  it  is  460  (neither  being 
read  off) ;  now,  at  5*  io"  the  first  index  would  shew  450,  and  at  $b  26™  the  second  index 
would  shew  the  sum  of  45°  and  460,  or  910,  kaffcf  which,  or  450  30',  in  this  case  obviously 
corresponds  to  the  middlt  time,  5*  23*. 

The  sa me  appears  generally  thus  :  the  last  arc  read  off  measures 
the  first  angle,  the  repetition  of  the  same  angle,  and  the  change  upon 
it  during  the  interval  of  the  two  observations;  therefore  half  the  arc 
measures  the  angle,  and  half  the  change  upon  it,  supposed  uniform, 
which  corresponds  to  the  middle  time. 

If,  now,  a  second  pair  of  angles,  as  before,  be  observed,  a  second 
angle  with  its  time  is  obtained,  and  so  on ;  hence,  as  long  as  the 
change  of  the  angle  is  uniform,  the  arc  read  off,  being  divided  by  th* 
number  of  observations,  corresponds  accurately  to  the  mean  of  the 
times. 

The  time  is  therefore  to  be  noted  at  each  contact. 

507.  The  Circle  is  made  in  various  forms :  we  shall  confine  our- 
selves here  to  the  description  and  use  of  those  known  by  the  names 
of  Borda's  and  Dollond's  Circles.*  Figures  are  purposely  omitted, 
and  the  general  description  will  be  easily  followed  with  the  instru* 
ment  itself. 

In  usmg  the  circle,  care  must  be  taken  to  push  tne  crooked 
handle  out  of  the  way  of  the  telescope. 

*  Troughton's  Reflecting  Circle,  which  does  not  repeat,  is  capable  of  great  precision  j  but 
it  does  not  seem  so  well  adapted  to  general  practice,  especially  at  sea,  as  the  repeating  circle  t 
for  the  three  indexes  aggravate  the  inconvenience  and  tediousness  of  reading  off;  and  the 
instrument,  instead  of  facilitating,  like  the  repeating  circle,  the  multiplication  of  observation*, 
affords  merely  a  correct  measure  of  an  angle  which,  from  the  motion  of  the  ship,  it  itself 
cbstrred  inaccurately* 
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[1.]  Borfa'i  Orel*. 

508.  In  Borda's  Circle,  the  horizon-glass  and  telescope  revolve 
together  round  the  centre,  like  the  central  mirror,  carrying  a  vernier, 
which  we  shall  call  A. 

Sometimes  another  vernier  is  placed  opposite  to  A,  and  moves 
with  it.  The  central  mirror  carries,  like  a  sextant,  a  vernier,  which 
we  shall  call  B.     The  circle  is  divided  into  720°. 

The  horizon-glass  and  telescope  are  attached  to  an  inner  circular 
arc  divided  to  degrees,  which  is  called  the  finder,  as  it  enables  the 
mirrors  to  be  set  to  contain  any  angle,  and  the  objects  can  thus  be 
at  once  brought  iitfo  contact  roughly.  When  B  is  set  to  0  at  the 
middle  of  the  finder,  the  mirrors  are  parallel.  The  divisions  on  the 
tinder  are  reckoned  in  both  directions  from  the  0. 

509.  To  use  the  circle  as  a  sextant.  Before  this  can  be  done  we 
must  know  the  reading  of  B  when  the  mirrors  are  parallel.  To 
find  this,  set  A  accurately  to  720°,*  and  clamp  it.  Set  B  to  0  on 
the  finder,  nearly,  and  measure  the  sun's  horizontal  diameter :  read 
off.  Cross  the  reflected  image  to  the  other  side  of  the  sun,  and  read 
off:  the  mean  of  the  two  readings  is  the  constant  angle  required,  and 
is  clear  of  index-error. 

To  observe,  move  B  as  in  a  sextant. 

After  observation,  examine  the  setting  of  A,  as  any  error  in  this 
is  so  much  index-error. 

510.  By  moving  the  index  opposite  ways,  observations  may  be 
taken  backwards  and  forwards,  from  the  same  point  on  the  arc ;  but 
the  real  efficiency  of  the  repeating  circle  consists  in  what  is  called 
the  cross-observation,  to  which  we  shall  now  proceed. 

To  observe  an  Altitude  by  the  cross-observation.  Set  Af  accu- 
rately at  720°  (or  at  360°);  set  B  to  0  on  the  finder  roughly ;  observe 
the  alt.  with  B  as  with  a  sextant ;  read  off  B  roughly  on  the  finder ; 
unclamp  A,  and  move  it  on  the  finder,  in  the  order  of  the  divisions 
on  the  circle,  till  the  0  on  the  other  side  of  B  stands  at  the  angle 
read  off.  Turn  the  circle  over,  hold  it  in  the  other  hand,  and  com- 
plete the  contact  by  turning  the  tangent-screw  of  A. 

The  vernier  A  now  registers  the  first  pair,  or  diuble  the  altitude 
required. 

To  proceed  with  the  repetition.  Unclamp  B,  set  it  on  the  finder 
at  the  same  angle  as  before;  hold  the  instrument  as  for  the  first 
observation ;  complete  the  contact.  Unclamp  A,  move  it  onwards 
as  before  till  the  0  stands  at  the  angle  read  off;  complete  the  con- 
tact.    This  is  the  second  pair,  or  four  times  the  required  altitude. 

*  This  index  will,  in  tome  circles,  stand  at  3600,  and  may  require  to  be  moved  back- 
wards ;  3600  would  then  be  subtracted  from  every  angle  measured  by  this  index  alone.  The 
above  instructions  will,  with  a  trial  or  two,  be  found  sufficiently  intelligible. 

f  It  is  usual  to  fix  first  the  index  called  here  B,  as  directed  by  Borda  himself,  and 
repeated  by  other  writers ;  but  it  is  immaterial  which  index  is  first  fixed,  or  at  what  part  of 
the  circle,  provided  the  vernier  be  read  off.  The  index  A  is  recommended  here  in  order  to 
tirwimilate  as  much  as  possible  the  use  of  the  circle  to  that  of  the  instruments  with  which 
wit  are  already  more  familiar.  Inaccuracy  in  this  setting  is  diminished  as  the  number  of 
lepetitfons  is  incree^d. 
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The  next  reading  of  A  will  be  six  times  the  required  altitude,  and 
*o  on. 

511.  To  observe  Angular  Distance  by  the  cross-observation. 
Proceed  as  directed  above,  reading  distance  for  altitude. 

512.  If  there  is  not  light  enough  to  read  the  finder,  the  reflected 
image  must  be  actually  carried  across  the  other  object  by  moving 
the  index  through  twice  the  angle  first  measured. 

513.  The  last  pair  completed  being  registered  bv  the  vernier -A, 
the  disturbing  of  B  at  any  time  is  immaterial,  since  it  does  not  affect 
the  reading  of  A ;  but  if  A  is  moved,  and  the  observation  is  inter- 
rupted before  the  new  pair  is  completed,  the  whole  is  lost. 

514.  Two  altitudes,  of  the  same  or  different  bodies,  may  be 
obtained  by  reading  both  verniers;*  thus,  set  A  to  720®,  observe 
one  alt.  with  B,  as  in  No.  509.  Unclamp  A,  move  it  to  0  on  the 
finder,  hold  the  circle  in  the  other  hand,  and  observe  the  other 
altitude. 

Read  off  B,  and  subtract  from  it  the  constant  angle :  the  re-* 
mainder  is  the  first  alt.  For  the  second  alt.  subtract  the  first  alt. 
from  A. 

Ex.  B  ^s^0  2';  A  980  11';  const.  213°  35'.  •  The  First  Alt.  is  380  27';  the  Second 
fc59°44'. 

515.  We  shall  now  consider  the  effects  of  errors.  The  index* 
error  is  obviously  removed  by  measuring  the  same  angle,  either  on 
opposite  sides  of  a  fixed  zero,  or  between  any  two  points  on  the  arc. 
Now,  after  B  has  been  clamped,  and  the  angle  is  to  be  repeated  by 
moving  A,  the  horizon-glass  passes  from  one  side  of  the  perpen- 
dicular upon  the  central  mirror  through  the  same  angle  on  the 
other  side ;  the  angle,  therefore,  is  measured  by  the  motion  of  A 
from  one  point  of  the  arc  to  another,  and  the  exact  point  720°  is 
assumed  merely  for  convenience  in  reading. 

When  a  coloured  shade  is  defective,  it  breaks  the  direct  course 
of  the  ray  from  the  central  mirror  to  the  horizon-glass,  and  the 
broken  part  inclines  towards  the  same  side  of  the  horizon-glass, 
whether  the  circle  is  inverted  or  not.  Therefore,  if  the  angle 
formed  on  one  side  of  the  perpendicular  on  the  fixed  mirror  is  too 
great,  the  angle  formed  on  the  other  side  will  be  too  "mall,  by  the 
same  quantity,  and  this  error  disappears. 

The  inclination  of  the  line  of  sight  upon  the  plane  of  the  circle, 
No.  495  (3),  produces  the  same  effect  upon  the  angle  formed  upon 
either  side  of  the  perpendicular  to  the  central  mirror;  this  error 
therefore  remains. 

The  error  of  the  eye,  and  therefore  the  personal  equation 
(No.  175),  likewise  remains. 

The  error  of  centering  is  removed  by  carrying  the  angle  round 
the  whole  circumference. 

*  This  may  be  found  convenient  in  taking  a  lunar  at  night,  since  the  lamp  would  be 
required  but  three  times  for  reading,  in  obtaining  the  four  altitudes  required  and  the  several 

Kirs  of  distances.     Rules  might  easily  be  given  for  repeating  both  altitudes  to  anv  extant, 
t  an  allowance  would  be  necessary  for  the  motion  in  altitude  of  the  second  body  obtes*ftL ' 
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[2.]  Doliondi  Circle. 

616.  Dollond's  Circle  consists  of  two  concentric  circles,  the  inner 
one  of  which,  in  revolving  within  the  other,  carries  the  horizon  gl as* 
and  telescope,  and  a  vernier  called  A,  of  which  the  clamp  and 
tangent  screw  are  attached  near  the  telescope.  The  inner  circle 
is  cut  to  degrees  only ;  the  central  mirror  carries  a  vernier  called  B, 
as  in  a  sextant. 

The  inner  circle  answers  the  purpose  of  the  finder  above  de- 
scribed. From  the  position  of  the  telescope,  this  circle  is  held,  in 
taking  altitudes,  exactly  like  a  sextant,  which  is  a  convenience. 
From  the  general  resemblance  between  the  two  instruments,  it  is 
unnecessary  to  enter  into  further  details.* 


II.  The  Artificial  Horizon. 

517.  The  Artificial  Horizon  is  a  small  shallow  trough,  a  tew 
inches  in  length,  containing  quicksilver  or  any  other  fluid,  the 
surface  of  which  affords  a  reflected  image  of  a  celestial  body.  The 
fluid  is  protected  from  the  disturbing  effects  of  the  air  by  a  roof,  of 
which  the  two  opposite  sides  contain  plate-glass.  This  roof  is  often 
made  to  fold  up  for  the  sake  of  portability.  The  trough  should  be 
so  thick  as  to  raise  the  quicksilver  to  a  level  with  the  lower  edges  of 
the  glasses. 

A  piece  of  tale,  which  substance  splits  into  thin  parallel  plates, 
may  be  laid  on  the  trough  as  a  substitute  for  the  roof.  In  some 
eases  a  piece  of  thin  cloth,  as  muslin,  sufficiently  transparent  to 
allow  a  bright  object  to  be  seen  through  it,  protects  the  fluid  from 
the  wind. 

518.  The  image  of  a  celestial  object  reflected  from  the  surface  of 
a  fluid  at  rest  appears  as  much  below  the  true  horizontal  line  as 
the  object  itself  appears  above  it ;  the  angular  distance  measured 
between  the  object  and  its  image  is  therefore  double  the  altitude. 
An  advantage  resulting  from  this  is  that  in  halving  the  angle  shewn 
by  the  instrument  we  halve,  at  the  same  time,  all  the  errors  of  ob- 
servation. The  reflected  image  in  the  fluid  is  always  less  bright 
than  the  object,  but  as  it  is  perfectly  formed,  and  as  the  surface  is 
truly  horizontal,  the  artificial  horizon,  when  it  can  be  employed,  is 
always  to  be  preferred  to  the  sea-horizon. 

*  It  is  the  opinion  of  some  competent  judges  that  circles  should  be  made  much  smaller, 
for  the  sake  of  lightness  and  portability,  and  that  they  should  accordingly  be  cut  to  minutes 
only,  as  Borda's  Circle  formerly  was ;  because,  by  repetition,  the  minute  or  nearest  half* 
minute  read  off  is  speedily  reduced  to  quantities  smaller  than  can  be  measured  in  tht 
observation. 

The  case  of  a  sextant,  or  circle,  should  be  made  to  receive  the  instrument  permanently 
with  the  index  in  any  position,  as  the  reading  off,  which  is  always  difficult  in  defective  light, 
might  thus  be  deferred  to  a  more  favourable  opportunity.  It  would  also  be  useful  rot 
reference  in  cases  of  error  or  doubt  in  the  reading,  especially  at  night,  to  leave  the  index 
undisturbed  till  tht  result  had  been  worked  out. 
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When  the  attitude  exceeds  60°,  the  altitude  by  reflection  ex- 
ceeding 120°  falls  without  the  limits  of  the  sextant.  In  low  lati- 
tudes, therefore,  it  is  often  impossible  to  observe  with  the  quicksilver 
except  by  a  sextant  with  additional  powers.*  On  the  other  hand, 
when  the  altitude  is  low,  the  observer  is  obliged  to  increase  his 
distance  from  the  quicksilver,  by  which  it  becomes  difficult  to  keep 
sight  of  the  image  reflected  in  the  fluid ;  and  for  altitudes  less  than 
12°  or  15°  the  observation  is  generally  impracticable. 

519.  The  roof  should  generally  be  placed  upon  a  sheet  of  some 
thin  materia],  impervious  to  vapour,  which,  condensing  on  the  glass, 
obscures  the  image.  A  leaden  stand  about  the  size  of  an  octavo 
volume,  on  three  legs,  and  covered  with  cloth,  into  which  the  rooi 
sinks  and  excludes  the  external  air,  is  convenient. 

520.  The  film,  or  scum,  which  forms  on  the  quicksilver,  is  pre- 
vented from  running  into  the  trough  by  holding  the  bottle  inverted 
while  it  is  poured  out.  A  wooden  scraper,  fitting  close  to  the  inner 
breadth  of  the  trough,  has  been  found  to  remove  the  scum,  which 
adheres  to  the  wood. 

521.  The  fluid  proper  for  the  purposes  must  possess  the  qualities 
of  giving  a  bright  image,  and  of  quickly  subsiding  to  a  perfect  level 
after  being  disturbed,  such  as  quicksilver,  water,  spirit,  and  others. 

An  ingenious,  handy,  and  portable  mercurial  horizon  by  the 
late  Captain  George,  R.N.,  made  by  Cary,  181  Strand,  is  recom- 
mended. It  consists  of  a  disc  of  glass  floating  on  mercury,  in  a 
vessel  which  it  nearly  fits,  and  it  has  an  arrangement  by  which 
the  mercury  is  introduced,  ready  filtered  from  an  attached 
reservoir,  and  afterwards  withdrawn,  in  a  manner  which  saves  a 
great  deal  of  trouble.  The  glass  floats  without  touching  the 
sides  of  the  trough,  and  the  w^ole  of  the  mercury  below  is  ser- 
viceable. Another  advantage  is,  that  the  edges  of  the  trough  cut 
off  proportionally  less  of  the  field  of  view,  hence  very  low  altitudes 
may  be  observed  with  this  instrument.  The  glass  must  necessarily 
be  of  the  best  workmanship. 

When  the  air  is  calm,  a  piece  of  water,  or  a  puddle  large  enough 
merely  to  exhibit  the  image,  is  often  a  complete  substitute  for  the 
quicksilver.f 

522.  As  the  celestial  bodies  are  sometimes  distinctly  visible  when 
the  sea-horizon  is  enveloped  in  mist,j:  attempts  have  been  made  to 

*  To  remedy  this  defect,  it  has  oeen  proposed  to  use  a  reflecting  surface,  inclined  at  a 
constant  angle,  to  the  horizon,  movable  on  a  level  surface  or  floating  in  quicksilver.  Also,  a 
sextant  has  been  fixed,  with  its  plane  vertical,  to  a  pillar  turning  on  an  upright  axis,  and  the 
telescope  laid  nearly  horizontal  by  a  spirit-level,  the  image  of  the  body  being  brought  down 
to  a  horizontal  wire  in  the  telescope. 

t  A  small  piece  of  plate-glass  levelled  by  a  bubble  is  sometimes  used,  but  the  performance 
of  this  instrument  is  not  always  satisfactory. 

t  Capt.  Scoresby  ("  Journal  of  a  Voyage  to  the  Northern  Whale  Fishery,"  p.  159),  re- 
marks, that  fogs  often  cover  die  sea  in  the  polar  regions  to  the  depth  only  of  150  or  200  feet, 
while  the  sky  is  perfectly  clear. 

Her  Majesty's  sloop  Zebra  was  a  week  without  interruption  in  a  dense  fog,  to  the  south- 
ward  of  the  Snares,  during  the  whole  of  which  tin)  ?  no  observation  could  be  taken,  though 
the  sun  often  shone  brightly  (Naut,  Mag.  1844).  The  like  circumstances  occur  in  "  the 
Smokes/'  on  the^ooast  of  Africa, 
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obtain  an  artificial  horizon  adapted  to  bo  used  on  board  ship,  by 
means  of  the  surface  of  a  viscid  fluid,  and  a  mirror  attached  to  e 
pendulum,  which,  by  its  weight,  hangs  vertically.* 

The  objections  to  the  first  of  these  have  already  been  -stated. 
With  regard  to  the  motion  of  a  pendulum,  it  is  important  to  observe 
that  when  the  ship  comes  to  the  end  of  her  roll  or  lurch,  it  does  not 
at  once  rest  in  the  vertical  position,  but  continues  to  move  onwards, 
or  to  swing,  with  the  velocity  which  it  had  before  the  ship's  motion 
was  destroyed;  hence  the  pendulum  moves  through  greater  angles 
than  the  ship.  By  combining,  however,  the  viscid  fluid  and  the 
pendulum,  Commander  Becher  has  obtained  a  method  of  measuring 
altitudes  at  sea,  independently  of  the  horizon,  which  appears,  from 
the  reports  made  upon  it,  to  afford  sufficient  accuracy  for  common 
purposes,  when  the  motion  of  the  ship  is  not  very  great.f  Outside 
the  horizon-glass  of  the  sextant  is  a  small  pendulum,  an  inch  and  a 
half  long,  suspended  in  oil ;  to  this  is  attached  a  horizontal  arm, 
carrying  at  the  inner  end  a  slip  of  metal,  the  upper  edge  of  which, 
when  seen  in  a  certain  position,  is  the  true  horizon. 

The  error  is  determined  by  observation  of  a  known  altitude,  or 
by  the  help  of  another  sextant,  and  is  the  same  for  all  altitudes.  It 
should  be  frequently  examined. 

A  lamp  is  attached  for  observing  at  night. 

623.  Admiral  Beechey  fitted,  within  the  telescope  of  the  sex- 
tant, a  balance  carrying  a  glass  vane,  one  half  of  which  is  coloured 
blue,  to  represent  the  sea-horizon,  and  to  which  the  celestial  object  is 
brought  down.  The  amount  of  oscillation  above  and  below  the 
level  is  indicated  by  divisions  on  the  glass,  the  values  of  which  are 
determined  by  the  maker. 

The  instructions  for  using  this  instrument  are  as  follows: — Bring 
down  the  object,  as  the  sun's  limb,  to  the  edge  of  the  blue  and  leave 
it  there.  As  the  ship  rolls,  catch  with  the  eye  the  upper  and  lower 
divisions  reached  by  the  object,  and  call  them  out  to  an  assistant, 
who  writes  them  down  with  the  time  against  each.  When  two  or 
more  such  readings  have  been  taken,  read  off  the  alt.  and  write  it 
down.  Take  the  mean  of  the  readings  of  the  vane  and  turn  it  into 
sire  according  to  the  scale  furnished.  When  the  mean  is  above  the 
eige,  add  it,  when  below,  subtract  it.  Apply  the  maker's  index-error; 
the  result  is  the  apparent  alt.  being  clear  of  dip. 

Ei.    Took  an  alt.,  and  readings  ai  follows ;  the  divisions  12'  each  1— 

h    m     •       Divis.  ©    '     " 

10  50    o  (+1)    above  \  Observ.  Alt.  ao  25  20 

50  30  t-M  below     ^  w  _  Mean  of  Div.        _  -  6 

50  50  (  +  14)  above  (  ^^ 


5120  (-2)    below  /  Maker's  IncLCurr. 


ao  19  20 
-40 


Mean  10  50  4<>  (-«,. *i  above.  3|  below  j  dlff.  1         App.  Ahu  to  iS  +0 

below  t  the  half  is  J  of  ia' or  6' to  be  «**.  rr  * 

*  It  has  also  been  attempted,  bat  without  success,  to  employ  the  principle  upon  which  a 
lep  while  spinning  tends  to  preserve  a  vertical  position,  by  balancing  a  borixontal  mirror  oc  a 
pivot,  and  causing  it  to  revolve  with  great  velocity. 

f  See  Naut  Mag.  1844,  p.  291.  Several  reports,  with  observations  made  by  this  instra- 
uatt,  will  be  found  in  the  Naut.  Mag.  of  1839,  1842,  1844,  &c 
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Care  is  to  be  taken  to  observe  as  near  the  centre  of  the  field  a* 
passible,  and  exactly  under  the  sun  ;  the  elbow  should  rest  on  some 
firm  support. 

With  practice  the  instrument  affords  considerable  accuracy ;  and 
in  smooth  water  the  mean  of  some  alts,  will  be  within  2/. 

A  lamp  illuminates  the  telescope  at  night.* 

524.  An  instrument  for  this  purpose,  indispensable  when  the 
horizon  cannot  be  seen,  will  also  be  of  great  service  as  a  check, 
when  haze  or  fog,  by  its  partial  distribution,  produces  the  appear- 
ance of  the  horizon  where  it  is  not.f  The  same  applies  to  the 
uncertainty  in  the  place  of  the  sea-horizon  which  is  often  expe- 
rienced in  moonlight  nights. 

These  instruments  are  very  convenient  on  shore. 


III.  The  Chronometer. 

525.  The  chronometer  is  a  superior  kind  of  watch,  furnished 
with  an  apparatus  by  which  the  changes  in  the  rate  arising  from  the 
expansion  or  contraction  of  the  materials  by  heat  and  cold  are  nearly 
obviated. 

Chronometers  should  be  kept  near  the  centre  of  gravity  of  the 
ship,  which  is  a  little  below  the  water-line,  and  not  far  from  the 
middle  of  the  length,  not  so  much  because  the  motion  here  is  less 
than  elsewhere,  as  because  the  temperature  below  is  not  liable  to 
sadden  changes.  In  ships  in  which  great  attention  is  paid  to  the 
chronometers,  they  are  usually  kept  in  a  small  apartment  abaft  the 
mainmast,  on  a  table,  in  cases  linea  with  cushions  of  soft  wool,  which 
defend  them  from  the  jerks  and  vibrations  of  the  ship.  The  table  is 
secured  to  a  beam  of  the  deck  below,  and  in  small  vessels  sometimes 
rests  on  a  stanchion  rising  from  the  kelson.  Large  chronometeis 
are  placed  in  jimbals,  in  order  to  preserve  a  horizontal  position,  as 
inclining  a  watch  from  this  position  affects  its  rate.  They  have  also 
been  hung,  perhaps  with  the  view  of  obtaining  both  these  objects 
together,  in  swing  trays ;  but  as  this  method  is  found  to  be  very 
unfavourable,  it  has  been  discontinued.! 

The  chronometer-table  has  been  itself  placed  in  jimbals.  It  has 
also  been  supported  by  springs  to  diminish  still  further  the  effect  of 
chocks. 

526.  When  a  chronometer  i9  placed  on  board  it  should  always 
remain  in  the  same  position,  that  is,  with  the  XII  towards  the  same 

*  Made  by  Cary. 

t  Adm.  Bayfield  acquaints  me  that  he  has  been  completely  deed  red  in  the  place  of  the 
horizon  at  the  coming  on  of  a  fog. 

+  Mt.  Fisher  acquaints  me  that  he  has  found  *n  acceleration  of  seven  seconds  a- day 
produced  by  suspending  a  chronometer  in  a  oot  with  fife  inches'  swing. 
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Grt  of  the  ship,  since  it  has  been  found  that  disturbing  the  positions 
s  altered  their  rates.* 

When  a  chronometer  is  transported  from  one  place  to  another,  it 
should  be  compared,  before  and  after  moving,  with  another  chrono- 
meter or  a  good  watch,  in  order  to  ascertain  whether  its  regularity 
has  been  disturbed. 

627.  A  chronometer  should  be  wound  up  at  regular  intervals,  in 
order  that  the  same  parts  of  the  machine  may  undergo  the  same 
constant  action  ;  it  should,  therefore,  be  wound  up  at  the  same  hour 
e\ery  day.  In  winding,  the  key  should  be  turned  steadily,  and 
about  half  a  turn  taken  each  time,  and  the  watch  should  be  wound 
close  up.  After  winding,  the  chronometer  should  be  examined,  to 
ascertain  that  it  has  not  stopped. 

In  winding  up  a  watch,  the  key  alone  should  be  moved,  as  to 
turn  the  watch  itself  is  to  increase  tho  velocity  of  winding. 

When  a  chronometer  is  wound  up  after  running  down,  it  is  set 
a-going  by  giving  it  a  small  horizontal  circular  motion. 

When  a  chronometer  stops,  it  generally  alters  its  rate. 

528.  It  seems  generally  admitted  that  the  principal  cause  of  the 
variation  of  the  rates  of  chronometers  is  chauge  of  temperature,f 
and  accordingly,  in  some  ships,  the  temperature  of  the  chronometer- 
room  has  been  regulated  by  lamps. 

When  the  ship  changes  her  climate,  the  rates  do  not  change  at 
the  same  time  witn  the  temperature,  but  some  time  afterwards.  X 

529.  It  has  been  found  that  magnetism  affects  the  rates  of  chro- 
nometers (see  a  paper  by  Mr.  Fisher.  Nautical  Magazine,  1837). 
Hence  it  follows,  that  the  magnetism  of  an  iron  vessel  may  produce 
similar  effects.  Their  rates  will  certainly  be  affected  by  the 
proximity  of  apparatus  generating  or  conveying  electric  currents. 

630.  Chronometers  are  generally  found  to  perform  best  at  the 

*  This  depends,  however,  chiefly  on  the  position  of  the  arm  of  the  balance. 

f  Captain  R.  Owen,  while  employed  in  surveying  in  the  West  Indies,  found  a  fall  of  14° 
in  Fahrenheit's  thermometer  (from  82s  to  68°)  accelerated  the  rates  1**5  a-day,  and  a  fall  of 
20 J  (from  82°  to  62°)  accelerated  them  two  seconds  a-day. 

X  Admiral  FiUroy,  who  employed  in  his  surreys  of  South  America  the  unusual  number 
of  twenty-two  chronometers,  observes,  that  the  ordinary  motions  to  which  chronometers  arc 
subjected,  both  from  the  incessant  action  of  the  sea  and  in  transferring  them  from  one  vessel 
to  another,  scarcely  affect  the  rates  of  good  watches ;  and  that,  in  general,  temperature  is  the 
only  cause  of  the  alteration  of  rate.    (Journal  of  the  Royal  Geographical  Society,  vol.  vi.) 

Sir  E.  Belcher,  however,  when  engaged  in  the  survey  of  the  west  coasts  of  North  Ame- 
rica, found  the  chronometers  of  H.M.S.  Sulphur  very  materially  deranged  by  the  jerking 
produced  by  a  looseness  about  the  rudder-head  and  from  towing  the  Starling,  her  tender ;  and 
observes,  that  when  the**  causes  were  removed  the  watches  performed  admirably. 

In  the  Instruction  Reglementaire  pour  les  B&timents  de  la  Marine  Royale,  &c  (An- 
nates Maritimes,  1840),  it  is  recommended  that  the  chronometers  should  be  held  in  the  hand 
during  the  firing  of  guns,  and  that  in  transporting  a  watch  from  one  place  to  another  it  should 
be  carried  in  both  hands,  in  order  to  avoid  giving  it  suddenly  a  circular  motion,  which  may  be 
communicated  by  taking  it  up  by  a  handle,  or  becket,  at  the  top  of  the  case. 

M.  Givry  considers  that  the  rates  of  the  chronometers  of  La  CoquiUe  frigate,  commanded 
by  M.  Duperrey  on  a  scientific  expedition,  were  altered  by  the  severe  thunder-storms  expe- 
rienced on  the  coast  of  Timor,  in  August  1823. — Memoire  sur  l'Emploi  des  Chronometres  a 
ta  Mer,  par  A.  P.  Givry,  extracted  from  the  Annales  Maritimes,  Paris,  1840. 

It  has  been  surmised  that  the  hot  and  moist  climate  of  the  coast  of  Africa  has  speedily 
disturbed  the  rates  of  chronometers ;  but  Adm.  Vidal  and  Sir  E  Belcher,  in  several  years' 
euperiencu,  have  recognised  no  such  effect. 
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beginning  of  a  voyage  ;*  many  subsequently  become  useless  from 
irregularity,  and  some  fail  altogether.  They  are  liable,  also,  to 
change  their  rates  suddenly,  and  then  to  reassuuie  the  former  rates 
in  a  few  days.f 

531.  Since  there  seems  no  reason  why  any  cause  which  alters 
the  rate  of  one  chronometer  should  not  alter  the  rate  of  another  hi 
the  same  manner,  the  agreement  of  any  number  of  chronometers, 
however  great,  cannot  be  unreservedly  admitted  as  evidence  for  the 
truth  of  the  time  which  they  shew.  Their  irregularities,  however,  in 
this  respect  contribute  to  the  security  of  navigation ;  for  since  one 
chronometer  often  gains  while  another,  under  exactly  the  same  cir- 
cumstances, loses,  the  discrepancies  prevent  the  danger  of  trusting 
too  confidently  to  any  single  result 


CHAPTER   III. 

Taking  Observations. 

1.  Observing  Altitudes.  II.  Observations  wiTn  and  without 
Assistants.  III.  Employment  op  the  Hack  Watch.  IV. 
Finding  the  Stars. 

532.  In  treating  of  observations  with  reflecting  instruments  we 
shall  refer  chiefly  to  altitudes,  as  most  convenient  for  the  purposes  of 
illustration.  If,  however,  for  the  horizon,  we  substitute  a  celestial 
body  or  any  other  point,  what  is  said  of  altitudes  will  apply,  with 
certain  obvious  exceptions,  to  angular  distance  generally.  The 
details  proper  to  the  particular  observations  will  be  found  under 
their  respective  heads. 

I.  Observing  Altitudes. 

533.  The  observer  will  do  well  to  accustom  himself  to  obtain  a 
single  sight  with  accuracy,  and  not  to  depend  upon  the  accidental 
compensation  of  errors  due  to  want  of  care.  It  sometimes  happens 
that  a  single  sight  only  can  be  obtained,  and  no  good  estimate  of  its 

*  Advantage  was  taken  of  this  circumstance  in  the  late  survey  of  part  of  the  west  coast  of 
Africa  by  Admiral  Vidal,  who,  by  direction  of  the  Hydrographei ,  proceeded  at  once  to  run 
down  the  coast  from  Sierra  Leone  to  Corisco  Bay,  and  returned  to  Sierra  Leone  as  quickly 
as  possible.  Ilia  whole  Diff.  Long,  between  these  points,  as  measured  in  both  runs,  agreed 
within  1*. 

f  Captain  R.  Owen  remarks,  that  most  of  his  chronometers  took  thus  a  jump  of  one  oc 
two  seconds  in  the  daily  rate,  more  than  once  during  his  surreys  in  the  West  Indies.  Otnef 
•dicers  have  made  similar  remarks. 

O 
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value  can  obviously  be  formed  if  the  observer  knows  his  observations 
by  their  general  result  only. 

1.  At  Sea. 

[1.]  Above  the  Sea  Horizon. 

534.  The  instrument  must  be  vibrated  or  swung,  so  that  the 
ftnage  may  skim  the  horizon,  for  the  altitude  must  be  measured  to 
the  point  vertically  under  the  body,*  No.  487. 

635.  When  the  altitude  is  above  60^,  it  may  be  observed  both 
from  the  opposite  point  of  the  horizon  and  from  that  under  it,  by 
the  common  sextant.  Half  the  difference  of  the  two  readings  is  the 
apparent  sen.  disk,  No.  432.  By  this  means  the  dip,  with  the  un- 
certainty to  which  it  is  liable,  and  the  index  error,  are  removed. 
As  the  apparent  dip  is  always  uncertain,  and  as  the  rules  given  in 
No.  208,  though  generally  true,  do  not  always  hold  good  for  small 
differences  of  temperature,  it  will  be  advisable,  whenever  precision  is 
required,  to  attend  to  this  consideration. 

536.  It  is,  in  general,  taken  for  granted  that  the  dip  is  in  the 
same  state  all  round  the  horizon. 

This  supposition  M.  Arago,  in  discussing  the  observations  made 
by  Sir  E.  Parry  in  his  first  polar  voyage,  by  Capt.  B.  Hall  in  the 
China  Sea.  and  by  M.  Gauttier  in  the  Mediterranean  and  Black  Seas, 
thinks  there  is  no  reason  to  doubt.     ("  Conn,  des  Terns,"  1827.) 

Capt.  Fitzrov  found  however  a  difference  of  lt^  on  one  occasion ; 
and  Capt.  Bayfield  informs  me  that  he  has  often  observed  the  dip 
not  to  be  the  same  all  round  the  horizon,  more  particularly  on  the 
coast  of  Labrador  and  in  the  Straits  of  Belleisle,  where  curreuts  of 
unequal  temperature  prevail.     See  also  note  *,  p.  196. 

When  circumstances  allow,  alts,  should  accordingly  be  observed 
at  opposite  points  of  the  horizon.  The  mean  of  two  alts,  in  such 
cases  may  not,  indeed,  be  exactly  true,  but  it  is  probably  nearer  the 
truth  than  one  of  them  alone  might  be.  For  the  same  reason  it  is 
advisable  to  select  stars  on  opposite  bearings. 

When  both  the  alt.  and  its  supplement  are  thus  measured,  and 
the  alt.  is  in  a  state  of  change  (as  will  always  be  the  case  except 
when  the  object  is  on  the  meridian),  the  time  must  be  noted  at  each 
of  the  two  contacts;  and  the  half  difference  of  the  alt.  and  its  suppl 
is  the  apparent  zenith  distance  of  the  centre  corresponding  to  the 
mean  of  the  times. 

When  the  altitude  is  below  60°  a  sextant  of  additional  powers,  or 
a  circle,  is  in  general  necessary  for  this  observation.   (See  No.  504.) 

537.  When  the  altitude  of  a  body  is  near  90°,  it  is  proper,  before 
attempting  to  bring  down  the  reflected  image,  to  ascertain,  by  re- 
ft When  the  4th  Adjustment.  No.  495  (3),  is  not  perfect,  we  look  at  a  point  of  the 

feomon  not  directly  under  the  sun.  Hence  a  tube  should  be  used  to  insure  the  eye  and  the 
eontact  of  the  images  being  at  equal  distances  from  the  plane  of  the  instrument.  On  the 
*  ground,  Dr.  Maskelyne  recommends  the  observer,  when  without  a  tube,  to  turn  on  %ii 
l  while  causing  the  image  to  skim  the  horixon.     (Nautical  Almanac,  1774.) 
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ference  to  the  zenith,  or  the  compass,  the  precise  point  over  whirfi 
the  body  is  vertical. 

638.  When  fog  obscures  the  sea-horizon  from  the  deck,  a  new 
horizon  may  often  be  obtained  by  descending  the  ship  s  side,  or  from 
m  boat.     See  No.  550,  note. 

539.  When  the  limbs  of  the  sun  or  moon  are  indistinct,  altitude! 
of  the  centre  are  obtained  by  bisecting  the  hazy  or  cloudy  disc  upon 
the  horizon.* 

540.  In  observing  the  moon's  altitude  there  is  a  choice  of  the 
upper  or  lower  limb  when  she  is  at  the  full,  and  also  when  the  line 
of  cusps,  or  horns,  is  vertical.  At  other  times  her  illuminated  limb, 
whether  it  be  the  upper  or  lower  one,  must  be  brought  dowr*  to  the 
horizon. 

Mistakes  may  arise  in  observing  the  moon's  altitude  at  sea  by 
night.  When  the  sky  under  the  moon  is  unclouded,  the  upper  edge 
of  the  illuminated  part  of  the  sea  is  the  horizon ;  but  at  other  times 
long  dark  shadows  are  projected  on  the  water,  which  render  it  dif- 
ficult, and  sometimes  impossible,  to  discern  the  horizon. 

When  the  moon's  alt.  and  its  supplement  are  both  measured,  if 
she  is  full,  or  if  the  line  of  cusps  is  vertical,  her  alt.  may  be  observed 
as  directed  in  No.  535.  But  in  other  cases  the  same  limb  must  be 
referred  to  the  point  of  the  horizon  under  her  and  to  that  opposite ; 
half  the  difference  is  then  the  app.  sen.  dist.  of  the  limb  observed, 
and  the  semidiameter  must  be  applied  accordingly. 

When  the  horizon  under  the  moon  is  unfavourable  for  observa- 
tion, and  the  supplement  of  the  alt.  alone  is  employed,  correct  the 
angle  observed  for  index-error  and  dip,  take  the  suppl.  of  the  result 
to  180°,  and  apply  the  semidiameter  as  to  the  alt.  taken  directly. 

541.  The  obscurity  of  the  sea-horizon  in  a  dark  night  rendfers  it 
difficult  to  observe  the  altitudes  of  stars  or  planets ;  but  in  the  twi- 
light, when  the  sky  is  clear,  the  boundary  of  the  sea  exhibits  a  strong 
dark  edge,  most  favourable  for  observation. 

The  difficulty  of  reading  off  at  night  is  easily  overcome  by 
having  a  well-trimmed  dark  lanthorn,  and  a  handy  assistant. t 

When  the  alt.  ot  a  star  or  a  planet  is  measured  both  from  the 
horizon  under  it  and  opposite  to  it,  half  the  diff.  of  the  two  angles  is 
the  app.  zen.  dist.  If  the  supplementary  arc  alone  is  employed, 
correct  it  for  index-error  and  dip ;  the  supplement  of  the  result  is 
the  apparent  altitude. 

542.  When  a  telescope  is  used  the  unemployed  eye  must  be 
closed,  but  when  the  plain  tube  is  used  it  should,  when  convenient, 
be  kept  open,  because  the  image  being  seen  by  both  eyes  under  the 
tame  magnitude,  one  assists  the  other. 

This  should  be  practised  in  observing  stars  at  night. 

La  Caille  recommends  keeping  the  eye  some  minutes  in  complete 

^Mr.  Fisher  tells  me  that  he  has  repeatedly  employed,  with  complete  success,  altitudes 
of  the  son  faintly  seen  through  watery  clouds,  when  those  who  had  been  used  to  depend 
solely  upon  the  perfectly  denned  disc  had  despaired  of  an  observation  altogether.  In  such 
cases  the  altitudes  hare  not  greatly  differed  from  each  other,  and  the  mean  of  several  has  been 
quite  equal  to  an  ordinary  observation  of  the  limb. 

f  A.  small  electric  light  (half  candle  power)  is  found  useful 
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darkness  before  observing  stars  at  night.     (Guepratt€,  "  Problthnea 
d'Astron.  Naut."  &c,  torn,  i.  p.  20,  1839.) 

543.  Different  powers  suit  different  eyes.  Too  low  a  power 
does  not  magnify  enough ;  too  high  a  one  makes  it  difficult  to  keep 
the  object  in  the  field  on  the  least  motion  of  the  instrument.  The 
observer,  therefore,  will  employ  those  powers  only  in  which  the 
advantage  gained  by  a  larger  image  exceeds  the  disadvantage  of 
;n creased  unsteadiness. 

A  plain  tube,  however,  should  be  used  in  all  other  cases,  both  for 
directing  the  sight  to  the  proper  point  of  observation,  and  for  defence 
against  disturbing  lights. 

544.  All  observed  angles  are  vitiated  by  the  errors  of  the  instru- 
ment enumerated  in  the  last  Chapter,  Nos.  495,  498,  and  499. 
Again,  each  observer  has  in  general  some  peculiarity  in  the  manner 
of  observing,  or  in  the  quality  of  the  eye  itself,  which  gives  rise 
to  a  personal  error,  the  correction  for  which  is  called  the  personal 
equation.     No.  175. 

545.  Besides  these  errors,  altitudes  taken  at  sea,  are  subject  also 
to  others  which  change  with  circumstances. 

1st.  The  running  of  the  waves  causes  the  horizon  to  be  in  con- 
tinual motion ;  2d.  The  rise  and  fall  of  the  observer,  both  from  the 
lifting  of  the  vessel  by  the  waves,  and  by  her  rolling,  cause  the  dip 
to  be  in  continual  change. 

The  effects  of  these  alternating  motions  will,  in  taking  two  or 
three  altitudes,  in  part  disappear. 

3d.  The  place  of  the  visible  horizon  changes  with  the  tempera- 
ture of  the  sea  and  the  air.  See  No.  208.*  Also,  since  the  sea- 
horizon  is  formed  by  the  eminences  of  the  waves,  it  should  be  higher 
in  bad  weather.+ 

Besides  these  distinct  causes  of  error,  the  motion  of  the  ship 
disturbs  the  attention  and  efforts  of  the  observer. 

546.  The  height  of  the  eye  should  be  ascertained  with  sonic 
precision,  that  is,  within  two  or  three  feet,  because  an  error  in  the 
dip  causes  an  error  of  the  same  amount  in  the  altitude.  This  is  of 
most  importance  when  the  observer  is  very  near  the  water,  as  the 
dip  then  changes  most  rapidly ;  thus,  it  appears  in  Table  30,  that  a 
change  of  three  feet  in  the  height  produces,  near  the  beginning  of 
the  table,  a  change  of  more  than  1'  in  the  dip,  but  near  the  end  only 

*  M.  Givry  observes  ("  Memoir©  sur  l'Emploi  des  Chronom&tres,"  p.  23),  that  when 
the  sea  is  shoal  near  the  horizon,  the  relation  of  the  temperatures  of  the  sea  and  the  air  bring 
different  from  that  at  places  where  the  water  is  deeper,  may  produce  extraordinary  refraction: 
and  he  attributes  to  this  cause  errors  amounting  to  8"  in  the  time  deduced  from  some  altitude* 
taken  near  the  mouth  of  the  Jeba,  in  1818,  although  circumstances  appeared  at  the  time  in 
every  respect  favourable  for  observation. 

M.  Givry  remarks,  further,  that  extraordinary  refraction  sometimes  takes  place  in  tha 
neighbourhood  of  sandy  plains,  the  heated  air  of  which,  passing  over  the  sea,  produces  partial 
inequalities  of  temperature ;  and  he  adds,  that  small  undulations  in  the  horizon  are  always 
indicative  of  irregular  refraction. 

t  It  is  stated,  "  Voyage  autour  du  Monde,"  1840,  by  M.  Du  Petit  Thouars,  in  tbs 
Venus  French  frigate,  that  the  observations  shewed  this.  It  is  probable,  however,  that  thsj 
srrors  of  observation  due  to  the  motion  would,  in  general,  far  exceed  that  due  to  the  above 
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4".     An  altitude  observed  at  the  top  of  a  heavy  sea  will  differ  consi- 
derably from  another  taken  at  or  below  the  mean  level.* 

If  the  altitude  be  observed  above  the  deck,  as  in  the  top  for 
instance,  the  horizon  will  appear  better  defined,  and  the  variations 
of  the  dip  by  the  ship's  motion  will  be  lebs  sensible ;  also  the  dif- 
ference of  temperature  of  the  sea  and  the  air  appears  to  affect  the 
Iilace  of  the  visible  horizon  less  as  the  observer  is  more  elevated. 
Uenco  it  would  appear  that  altitudes  should  be  taken  from  aloft  when 
convenient. 

547.  Some  observations  on  the  heights,  distances,  and  velocities 
of  waves  have  been  put  on  record  of  late  years.  Sir  G.  Grey,t  in 
his  voyage  home  from  Australia  in  1837-8,  obtained  numerous 
measures  of  the  distance  and  velocity  of  waves,  amongst  which  arc 
the  following : — 


Dirt.  121  ft. 

178 
201 
205 


Vel. 


14I   Naot.  miles. 
187 

ao'6 


Dbt.  an  ft. 

Vel.  19*5  miles. 

*3* 
326 

338 

205 
22 

2f 

Lieut.  Wilkes  ("  U.S.  Exploring  Expedition")  found  the  highest 
waves  in  a  heavy  sea  off  Madeira  from  14  to  25  feet  high,  ami  theii 
velocity  23  miles  an  hour;  and  at  another  time  and  place,  with  a 
remarkably  high  and  regular  sea,  32  feet,  with  a  velocity  of  26  miles. 

The  highest  waves  observed  by  Sir  Jas.  C.  Ross,  in  the  Nortk 
Atlantic,  were  36  feet  high.  The  highest  sea  seen  by  M.  Lazarev,  in 
the  Russian  Expedition  of  Admiral  Bellingshausen,  1819,  was  in 
56°  S.  and  103°  E..  but  he  does  not  state  the  height. 

In  the  Naut.  Mag.  1848,  p.  228,  are  the  following  observations 
taken  near  the  Cape  of  Good  Hope  :— 


Height  17  f.      Dist.  35    fath. 
20  43  to  50 

22  55  to  57 


Vel.  22  miles, 
26  to  27 


M8.  When  the  spectator  nears  or  recedes  from  the  celestial 
body,  by  the  progress  of  the  ship,  the  effect  produced  on  the  altitude 
is  the  same  as  that  of  a  motion  in  the  body  itself,  since  exactly  the 
same  appearances  result  from  the  motion  of  either  while  the  other 
remains  6xed.  Accordingly,  in  all  observations,  in  which,  from  the 
sensible  change  of  altitude,  the  time  requires  to  be  noted  at  each 
sight ,  the  progress  of  the  ship  is  included  in  the  observed  change  of 
altitude;  and  the  place  to  which  the  observation  corresponds  is  that 
at  which  the  ship  was  at  the  mean  of  the  times. 


*  The  height  of  waves  is  ascertained  by  placing  one's  self  at  such  a  height  on  the  vessel, 
or  tier  rigging,  that  the  tops  of  the  highest  waves  which  pass  near  the  ship  may  be  seen  on 
with  the  distant  well-defined  horizon,  at  the  instant  when  the  ship  is  at  the  bottom  of  the 
hollow  between  two  heavy  seas.  The  height  of  a  wave  thus  observed,  that  is,  the  differenco 
of  level  between  the  summit  and  the  bottom  of  the  hollow  (which  difference  w  twice  the 
height  of  the  summit  above  the  mean  level),  is  very  nearly  the  height  of  the  eye  above  the 
bottom  of  the  same  hollow,  the  ship  at  the  instant  of  observation  being  upright.  The  die- 
lance  is  measured,  when  before  the  wind,  by  a  line  with  marks  on  it. 

t  Governor  of  New  Zealand.  1  am  indebted  to  the  author  for  these  observations,  el 
which  1  hnd  a  few  only  reduced  for  the  course  and  rate  of  sailing  of  the  ship. 
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[2.]  Altitude*  abe+e  the  Shore  Hwimn. 

549.  It  often  happens  that  the  horizon  is  concealed  by  the  inter- 
fcntion  of  land,  while  the  level  surface  of  the  water  marks  on  the 
whore  a  distinct  horizontal  line,  which  is  a  substitute  for  the  sea- 
horizon,  and  is  called  a  shore-horizon. 

When  the  distance  of  the  shore-horizon  is  known,  enter  Table  36 
with  this  distance  aud  the  height  of  the  eye,  and  use  the  correction 
therein  instead  of  the  dip  in  Table  30. 

Ei.    From  the  height  20  feet,  observed      1  Alt  28  18' 

m merid.  alt.  28°  18',  above  a  shore-horizon,      I  Com  —  7 

t  miles  and  a  quarter  distant.  |  Alt.  corrected  for  dip        28    11 

550.  When  the  distance  of  the  shore-horizon,  or  water-line,  is 
not  correctly  known,  it  may  be  found  by  means  of  two  altitudes,  the 
one  being  observed  from  the  deck,  and  the  other  as  high  as  possible, 
at  the  same  time. 

Divide  the  difference  of  the  heights  in  feet  by  the  number  of 
minutes  in  the  diff.  of  alts. ;  the  quotient  is  the  number  of  feet  sub- 
tending  an  angle  of  I7  at  that  distance.  Look  in  Table  9  for  this 
number  of  feet,  and  the  corresponding  distance  is  the  distance 
required. 

Ex.  An  observer,  at  the  height  of  91  feet  above  the  sea,  observed  the  inn's  alt.  410  3/ 
above  the  water-line  of  the  sea ;  another  observer,  at  the  height  of  22  feet,  observed  it  41°  2$'i 
find  the  distance  of  the  water-line,  and  correct  the  alt.  for  dip. 

The  diff.  of  the  heights,  69  feet,  divided  by  12  (the  minutes  in  the  diff.  of  alts.),  gives 
«°7  feet,  which  answers,  in  Table  9,  to  3  miles,  the  Dist.  required.  Then  the  cor.  in 
Table  35  to  3  miles,  and  height  22  feet,  is  $',  which  subtracted  from  the  alt.  taken  at  22  feet, 
gives  410  20',  the  Alt.  corrected  for  Dip. 

But  as  this  result,  like  the  preceding,  becomes  uncertain  when 
the  distance  is  very  small,  it  is  always  advisable  in  such  cases  to  en- 
deavour to  find,  by  descending,  a  natural  horizon.* 

2.  Observing  Altitudes  on  Shore. 

551.  Altitudes  are  well  observed  above  the  sea-horizon  from  a 
hill  or  cliff  of  known  height.  Nos.  544,  &c.  apply,  with  certain 
obvious  exceptions,  to  altitudes  of  this  kind  taken  on  shore. 

552.  In  taking  the  altitude  of  the  lower  limb  in  the  quicksilver, 
the  lotaer  limb  of  the  object  is  made  to  touch  the  upper  limb  of  the 
image  in  the  auicksilver,  as  reflection  Inverts  the  object.  In  taking 
the  altitude  or  the  upper  limb,  the  image  of  the  body  is  in  like 
manner  brought  below  the  quicksilver  image  altogether.  Hence, 
when  the  sun  is  rising*  and  the  lower  limb  is  observed,  the  images 
qre  continually  separating;  but  when  the  upper  limb  is  observed, 
they  are  continually  overlapping ;  and  the  contrary  when  the  sun  is 
falling. 

It  is  useful  to  attend  to  this,  as  it  is  sometimes  doubtful,  especially 
with  the  inverting  telescope,  which  limb  was  observed. 


*  This  is  the  practice  recommended,  on  his  own  experience  by  Dr.  Scoresby,  '*  Vovigt 
to  the  Northern  Whale  Fishery.  1822,  Umdon,"  p.  441. 
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563.  It  is  advisable,  when  circumstances  permit,  to  move  th* 
index  a  little  too  much,  whether  forwards  or  backwards,  and  clamp- 
ing it,  to  wait  the  instant  of  contact  while  the  instrument  is  in  a  state 
of  repose,  in  preference  to  making  the  contact  by  moving  the  tangent 
»crew  up  to  the  instant  of  observation,  because  the  material  always 
springs  more  or  less.  Again,  moving  the  tangent  screw  diverts  a 
portion  of  the  attention  which  should  be  devoted  to  the  contact  alone. 
At  sea  this  is  rarely  practicable  in  any  observation  on  account  of  the 
motion  of  the  ship. 

554.  The  roof  of  the  quicksilver  should  be  reversed  at  each  set  of 
three  or  five  altitudes,  in  order  to  remove  the  effects  of  errors  in  the 
glasses;  one  face  is  accordingly  marked  A  and  the  other  B,  and 
these  letters  marked  against  the  altitudes. 

The  roof  should  obviously  be  used  only  when  it  cannot  be 
dispensed  with. 

555.  A  stand  for  the  sextant  or  circle,  on  shore,  is  a  great  con- 
venience, and  allows  a  higher  power  to  be  used ;  practice  is,  however, 
necessary,  in  order  to  derive  the  full  advantage  from  it. 

556.  The  accuracy  with  which  a  set  of  altitudes  has  been  ob- 
served may,  in  part,  be  inferred  from  their  agreement  with  each 
other.  For  since  the  change  of  altitude  in  small  intervals  of  time  is 
nearly  proportional  to  the  intervals  (unless  the  object  is  near  the 
meridian),  any  considerable  irregularity  must  be  a  consequence  of  an 
error  of  observation. 

The  comparison  of  the  differences  of  altitude,  with  their  respective 
intervals,  may  easily  be  made  by  means  of  the  Traverse  Table,  as  in 
the  following  example : — 

Ex.    Observed  altitudes  of  Arctanis  ia  the  artificial  horizon. 

Time     io>  s-43*  **.  Alt.     78°  59'  *°*  ™F 

io  8    17  ;    \Z  7»    H   30  *5 

10  11    29  I  77    17    30  57 

10  14    20                  *  76    33    40  ** 

In  Table  2,  2"  34*,  or  154*,  as  D.  Lat.,  corresponds  to  44  as  Dep.  at  160.  On  the  same 
page  3"  12*,  or  192%  as  D.  Lat,  corresponds  to  55  as  Dep.t  which  is  near  enough.  2"  51s, 
or  171*,  as  D.  Lai.,  corresponds  to  Dep.  49,  the  Diff.  44'  is  therefore  in  error,  and  the  3d 
ah.  about  5'  too  great. 

557.  Several  altitudes  are  taken  in  immediate  succession,  on  the 
supposition  that  they  are  liable  to  errors  of  opposite  kinds ;  for,  in 
this  case,  if  one  altitude  be  observed  a  little  too  great,  and  another  a 
little  too  small,  the  mean  of  the  two  will  be  nearer  the  truth  than 
either  of  them  separately;  and  thus,  by  increasing  their  number, 
the  effects  of  irregularities  of  observation  will  be  much  diminished 
in  the  general  result. 

558.  But  if  the  portion  of  time  during  which  the  altitudes  are 
taken  be  too  long,  an  error  of  a  new  kind  will  arise  from  the 
unequal  variation  of  the  altitude  itself,  which  never,  strictly  speak- 
ing, varies  at  the  same  rate  at  the  beginning,  middle,  and  end  of  an 
interval. 

If  a  scries  of  alts.,  at  observed  equal  intervals  of  time,  be  cleared 
of  errors,  and  the  differences  between  them  be  taken  in  succes- 


200  NAUTICAL  ASTRONOMY. 

Bion,  these  differences  will  generally  afford,  in  like  manner,  differ- 
ences among  themselves,  which  are  called  second  differences ;  and  if 
the  observations  be  prolonged,  third  differences  will  appear,  and  so 
on.  When  the  2d  diff.  is  insensible,  4  the  sum  of  2  alts.,  or  }  the 
sum  of  3  alts.,  or  J  the  sum  of  5  alts.,  corresponds  exactly  to  the 
middle  of  the  time  occupied  in  the  observation  ;  but  when  the  2d 
diff.  is  considerable,  the  arithmetical  mean  is  in  error  by  a  quantity 
which  is  as  follows: — 

The  half  sum  of  two  alts,  at  the  beginning  and  end  of  the  interval 
differ  from  the  alt.  proper  to  the  middle  instant  of  the  interval  by  \ 
of  the  2d  diff.  proper  to  the  whole  interval.  The  third  of  the  sum 
of  the  three  alts,  at  the  beginning,  middle,  and  end  of  the  interval, 
differs  from  the  same  alt.  by  ^  of  the  whole  2d  diff. ;  and  the  fifth 
of  the  sum  of  5  alts,  at  four  equal  intervals,  by  xls  of  the  2d  diff. 

Ex.    Lat.  5i°3o'N.    Decl.  ai°  io' N. 

Diff.       2d  Diff. 


Hoar-Angles. 

Alts. 

1st. 

o»»  i6"o» 

6o°4o'    8* 

2d. 

O    20    O 

&>  34  3S 

3d. 

o  24  o 

60  27   52 

4th. 

o  28  o 

60   19   58 

5th. 

0  32  0 

60   10  52 

5  33" 

6  43 

7  54 
9     6 


1'  10' 
1  11 
1    12 


The  mean  2d  Diff.  is  i'  1 1"  for  4™  ;  hence,  as  the  2d  Diff.  varies  as  the  square  of  the 
Interval  (that  is,  is  4  times  greater  when  the  interval  is  doubled,  9  times  greater  when  it  is 
trebled,  and  so  on),  the  whole  2d  Diff.  for  i6m  is  4  times  4,  or  16  times  1'  1 1",  which  is 
i8'<;6".  Then  the  mean  of  the  1st  and  5th  Alts,  is  6o°  25'  30",  which  differs  from  the 
3d  Alt.  by  2'  22",  or  i-8th  of  18'  56". 

The  mean  of  the  1st,  3d,  and  5th  Alts,  is  6o°  26'  18",  which  differs  from  the  3d  by  1'  35", 
or  i-uthof  18*  56". 

The  mean  of  the  5  Alts,  is  6o°  26'  41",  which  differs  from  the  3d  by  1'  n",  or  i-i6th  of 
18'  56". 

The  error  cannot  be  materially  diminished  by  further  increasing 
the  number  of  alts. 

The  correction  for  this  error  cannot  be  given  in  a  concise  and 
convenient  form.*  But  in  practice  the  intervals  are  not  exactly 
equal ;  and  even  if  they  should  be,  the  errors  of  observation  will 
often  conceal  the  2d  diff.  When,  therefore,  from  circumstances, 
altitudes  can  be  obtained  only  at  considerable  intervals,  it  is  proper 
to  deduce  a  separate  result  from  each. 

The  2d  din.  of  alt.  disappears  in  two  cases :  1st,  when  the  object 
is  E.  or  W. ;  2d,  when  its  motion  is  vertical. 

659.  The  effect  of  the  elevation  of  the  spectator  upon  the  altitude 
observed  in  the  quicksilver,  is  insensible  in  practice,  since,  even  in 
the  case  of  the  moon,  an  elevation  of  a  mile  does  not  produce  a 
change  of  I"  in  her  horizontal  parallax. 

*  The  change  of  altitude  in  a  very  small  portion  of  time  depends  on  the  latitude,  and  on 
the  azimuth  of  the  object  (see  No.  669) ;  but  the  2d  Diff.,  or  variation  of  the  change  of  alt.v 
which  becomes  conspicuous  in  a  longer  interval,  depends,  further,  upon  the  altitude  itself. 
To  exhibit  this  correction,  therefore,  a  table  of  treble  eiury  would  be  required. 
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II.  Observations  with  and  without  Assistants. 

560.  When  the  arc  observed  is  in  a  state  of  continual  change, 
the  quantity  measured  corresponds  to  a  particular  instant  of  time. 
When,  therefore,  the  complete  observation  cousists  of  various 
elements  whose  measures  are  required  at  the  same  instant,  either 
the  observer  must  have  assistance,  or  he  must  himself  obtain  the 
several  measures  in  succession,  and  these  must  be  reduced  afterwards 
to  the  same  instant  by  calculation. 

When  two  or  more  altitudes  at  sea  are  required  at  the  same 
instant,  assistants  have  been  employed  to  observe  them.  The  impro- 
priety of  this  custom  will,  however,  appear  on  considering  the  nature 
of  the  errors  of  altitude  (No.  545);  for  it  is  obviously  impossible  for 
an  observer  to  keep  the  motion  of  the  index  so  exactly  adjusted  to 
the  irregular  and  often  violent  motion  of  the  ship,  as  to  be  able  to 
seize  the  altitude  at  command. 

561.  The  assistant  is  useful  chiefly  in  noting  the  time.  An  ob- 
servation of  a  set  of  altitudes,  with  their  times,  for  example,  is  con- 
ducted as  follows : — 

(1.)  The  observer  sets  the  index  to  the  estimated  alt.  (No.  492); 
about  £  of  a  minute  before  he  expects  to  complete  the  contact,  he 
cries,  "  Look  out!"  at  the  instant  of  contact,  he  cries,  "Stop!"  on 
which  the  assistant  writes  down  the  second,  the  minute,  and  the 
hour.  The  observer  then  reads  off  the  degree,  minute,  and  division 
of  the  seconds,  as  10",  20",  30",  &c,  which  the  assistant  writes 
down.  Three,  five,  or  more  altitudes  make,  generally,  a  set  of 
sights. 

When  the  assistants  have  watches  shewing  seconds,  each  takes 
his  altitudes  at  leisure,  and  the  whole  is  reduced  to  the  same  instant 
by  calculation. 

(2.)  The  times  are  then  added  together,  and  the  sum  divided  by 
the  number  of  alts.  The  alts,  are  then  in  like  manner  added  toge- 
ther, and  the  sum  divided  by  their  number  is,  when  the  second 
difference  is  not  considerable  (No.  558),  the  alt.  corresponding  to 
the  mean  of  the  times.  When  the  number  of  alts,  is  odd,  and  the 
intervals  are  nearly  equal,  the  means  will  not  differ  much  from  the 
middle  time  and  its  corresponding  altitude. 

562.  When  two  sets  of  observations  are  taken  by  different  per- 
sons, nearly  at  the  same  time,  they  are  reduced  to  the  same  instant 
thus: — 

The  difference  or  change  of  altitude  (or  other  angular  measure) 
in  the  time  occupied  by  the  observation  is  given ;  then  the  interval 
between  the  given  mean  of  the  times,  and  that  to  which  it  is  pro- 
posed to  reduce  the  observation,  being  found,  the  quantity  to  be 
applied  to  the  altitude  is  determined  by  proportion.  For  accuracy, 
the  change  of  alt.  must  be  properly  computed  by  No.  669  or  671. 

563.  The  observer  should,  however,  take  the  whole  observation 
himself,  and  he  will  then  learn  to  estimate  his  results  at  their  real 
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value,  of  which  he  can  be  no  judge  when  they  are  taken  by  other 
persons. 

When  the  observer  takes  his  own  time,  he  holds  his  watch  in  his 
hand,  or  places  it  either  where  he  can  obtain  sight  of  it  readily,  or 
where  he  can  hear  it  tick  plainly.  In  the  latter  case,  the  first  beat 
after  the  instant  of  contact  he  counts  1,  the  next  2,  &c;  then,  looking 
at  the  watch,  he  counts  on  till  the  second  hand  arrives  at  a  marked 
number  of  seconds,  as  10,  15,  &c. ;  he  then  writes  down  these 
seconds,  and  after  them  the  number  of  beats  counted,  to  be  sub- 
tracted. 

If  the  observer  can  count  10  or  20  seconds  without  an  error  of 
more  than  ]•  or  2%  he  may  put  the  watch  wherever  it  is  most  conve- 
nient to  inspect  the  face,  and  thus  avoid  the  principal  difficulty  in 
taking  the  entire  observation  himself,  especially  at  night. 

He  then  reads  off  the  alt.,  and  sets  it  down. 

The  sum  of  the  beats  is  to  be  deducted  before  the  mean  of  the 
times  is  taken. 

Most  watches  beat  5  times  in  2*,  or  each  beat  counts  O^. 

Ex.  After  the  instant  of  contact,  14 
beats  are  counted  ;  the  second-hand  is  then 
at  30s,  the  min.  42,  and  the  hour  10,  and  to 
on.  as  follows :— 


10 

10 
10 

■  42'"  30s 
44    10 
46     0 

subtree 
(oorres. 

t     14 
32 
11 

»3* 

40 

22* 

57 
to  57 

3) 
Mean  10 

132 
44 

17'2 

5*7 

111.  Employment  of  the  Hack  Watch. 


664.  This  is  a  portable  chronometer,  or  good  watch,  used  for 
observation,  to  save  moving  the  standard  chronometer.  Since  the 
watch  and  chronometer  will  not  in  general  go  exactly  together,  they 
must  be  compared  both  before  and  after  observation,  in  order  to  find 
what  time  the  chronometer  shewed  when  the  observation  was  taken. 
Thus, 

Within  5  or  10  seconds  of  a  whole  minute  by  the  watch  the 
observer  tells  the  assistant  to  "  look  out*'  on  the  chronometer.  At 
the  minute  he  cries  "Stop!"  when  the  assistant  writes  the  times, 
and  takes  their  differences.  This  should  be  repeated  two  or  three 
times,  and  the  mean  result  employed.  The  observer  can  compare 
alone,  by  counting  the  beats  of  the  chronometer  till  the  expiration  of 
the  minute. 

If  the  difference  between  the  watch  and  the  chronometer  be  the 
same  before  and  after  observation,  the  time  of  observation  by  the 
chronometer  is  at  once  deduct  from  that  by  the  watch;  if  not,  a 
correction  must  be  applied,  a»  in  the  following  example: — 
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Before  Ota.  After  Obi. 

Watcb        3h:i'M  o« 4*    3"  o«      c>  51*  o8 

Chron.      10   31    18*4    n    13    21*7     o    5*     3^3 

Diff.      7   20    18*4  7   20  21*7  3-3 

Time  of  observation  by  watcb,  3*  32"*  37*:  required  the  time  of  do.  by  chron. 

The  watch  here  has  lo*t  3**3  on  the  chron.  in  52-".  The  observation  takiug  place  2 1»  37* 
by  watch,  after  the  first  comparison,  we  have  5im;3,*3  ::  2iM1  37*!  i,#4t  tbe  lo*$  of  the  watch 
011  the  chron.  at  the  time  of  observ. ;  this,  added  to  11"  37*,  gives  2im  38**4,  which,  add  d 
to  ioh  31*  i8«'4,  gives  iob  $zm  56"*8,  the  Time  by  Chron.  required. 

565.  When  the  times  by  watch  are  separated  by  considerable 
intervals,  and  the  rate  of  the  watch  is  large,  each  time  may  requLru 
to  be  thus  corrected  for  its  proper  gain  or  loss. 


IV.    Finding  the  Stars. 

566.  The  most  conspicuous  stars  have  been  designated,  from 
remote  antiquity,  by  names;  besides  which,  the  stars  in  each  con- 
stellation or  group  are  distinguished,  for  reference,  by  letters  and 
numbers.  The  letters  chiefly  used  for  this  purpose  are  the  small 
letters  of  the  Greek  alphabet,  which,  with  their  names,  are  written 
as  follows: — 


•  alpha 

{zeta 

X  lambda 

»pi 

X 

£bcta 

n  eta 

fk  ma 

*ro 

y  gamma 

Stheta 

9  nu 

9  sigma 

*psi 

*  delta 

j  iota 

?k« 

r  tan 

»  omega 

<  epsilon 

»  kappa 

•  omicron 

tupeilon 

567.  In  finding  any  star  in  the  heavens,  it  is  necessary  to  refer  to 
some  one  star  or  constellation  as  known  :  the  Great  Bear,  called 
also  by  the  Latin  name  Ursa  Major,  a  constellation  of  the  figure 
frhewn  below,  in  the  northern  part  of  the  heavens,  and  consisting  of 
seven  principal  stars,  is  the  most  convenient  for  the  purpose. 

Fob  Star. 

* 


» 

a 

•  t  * 

7 
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The  two  stars  a  and  ft  point  nearly  to  the  Pole  Star  (or  Polaris), 
and  are  hence  called  the  Pointers.  This  star  will  not  easily  be  mis- 
taken, as  it  appears  always  in  the  same  place. 

A  line  from  Polaris  through  17  (the  last  of  the  tail)  passes,  at 
31°  beyond  17,  through  Aectueus,  one  of  the  brightest  stars. 

A  line  drawn  from  Polaris  perpendicular  to  the  line  of  the 
Pointers,  and  on  the  opposite  side  to  the  Great  Bear,  passes,  at  48° 
distance,  through  Capella,  one  of  the  brightest  stars. 

In  this  saine  line,  about  the  same  distance  on  the  opposite  side 
of  the  pole,  is  a  Lyras,  or  the  bright  star  in  the  Harp,  called  also 
Vega,  and  also  by  seamen  Lyra,  a  large  white  star. 

At  one-third  of  the  distance  from  A  returns  to  a  Lyras  is 
ALPHACCA,the  brightest  of  a  semicircular  group  called  the  Northern 
Crown  (Corona  Borealis). 

A  line  drawn  from  S  (the  faintest  of  the  Great  Bear)  through 
Polaris,  passes  through  the  constellation  of  Cassiopeia. 

About  23°  to  the  eastward  of  a  Lyrw,  and  about  the  same  dis- 
tance as  this  star  from  Polaris,  is  the  bright  star  in  the  Swan  (or 
a  Cygni).     Denkb. 

A  line  from  Polaris  passing  between  this  last  and  a  Lyras,  pro- 
duced to  an  equal  distance  beyond  them,  passes  through  Altair 
(a  Aquilw),  a  bright  star  between  two  small  ones,  the  three  lying 
in  the  direction  of  a  Lyrm. 

The  line  of  the  Pointers,  carried  through  the  pole  to  about  62° 
beyond  it,  passes  through  ft  Pegasi,  called  also  Scheat,  and  about 
13°  further,  through  Mar^ab  (a  Pegasi). 

A  line  from  Polaris,  drawn  between  Capella  and  a  star  near  it 
to  the  eastward,  passes  to  the  westward  of  the  constellation  Orion 
The  two  northern  stars  of  the  four  at  the  corners  are  the  shoulders, 
the  northernmost  of  which  is  Betelouese,  or  a  Orionis.  The 
brightest  of  the  two  southern  stars,  the  feet,  is  called  Rigel.  In 
the  middle  are  three  small  stars  forming  the  belt,  the  northern- 
most  of  which  is  nearly  on  the  equator. 

About  25°  to  the  northwestward  of  the  belt,  and  not  far  out  of 
the  direction  in  which  it  points,  are  the  Hyades  and  Pleiades  in 
Taurus;  in  the  former  cluster  lies  the  red  star  Aldebaran. 

A  line  from  Aldebaran  through  the  belt  passes,  at  about  20° 
on  the  other  side,  through  Sirius,  the  brightest  of  the  stars. 

ISirius,  the  eastern  shoulder,  and  Procyon  (to  the  northward 
of  Sirius  and  eastward  of  Orion),  form  an  equilateral  triangle. 

Nearly  midway  between  Orion  and  the  Great  Bear  are  the 
Twins,  Castor  and  Pollux  (the  southern  and  brightest),  about  4° 
apart.     The  line  from  Polaris  to  Procyon  passes  between  them. 

A  line  from  Rigel  through  Procyon  passes,  at  an  equal  distance 
beyond,  to  the  northward  of  Regulus.  8  au»i  7  Urs.  Maj.  serve 
as  pointers  for  Regulus. 

A  line  dra  *n  from  Procyon  through  Regulus,  at  near'y  an  equal 
distance  beyond  it,  passe*  through  ft  Leonis,  or  Denebola. 


SUBORDINATE  COMPUTATIONS.  205 

A  line  from  8  Urs.  Maj.  through  Regvlus,  passes,  at  SCT  beyond, 
through  Cor  Hydile. 

A  line  from  Polaris  through  f  Urs.  Maj.  passes,  at  70°  distance, 
through  Spica  Vieginis. 

A  line  from  the  last  star  in  the  tail  of  the  Great  Bear  through 
Aecturus  will  lead  to  a  and  ft  Libra. 

Arctwrus,  Spica,  and  Venebola  form  an  equilateral  triangle. 

A  line  from  Regulus  through  Spica  passes,  at  45°  distance, 
through  Antares,  a  very  bright  and  reddish  star. 

A  line  from  a  Ononis  (Betelguese)  through  Aldcbaran  passes,  at 
80°  distance,  through  a  Aeietis,  not  a  very  distinct  star. 

The  Southern  Cross  is  about  as  far  from  the  South  Pole  as  the 
Great  Bear  is  from  the  North  Pole ;  a  is  the  foot,  and  7  the  head. 

To  the  left  of  the  Cross  when  on  the  meridian  and  pointing 
towards  it  are  a  and  ft  Centauri,  both  of  the  first  magnitude. 

A  line  from  Scheat  through  Markab  passes,  at  45°  from  Markab, 
through  Fomalhaut,  a  very  bright  star. 

Scheat  and  a  Andromeda,  called  nlso  Alpheratz,  form  the  north 
side  of  a  square  ;  Markab  and  Algenib  on  the  south  side. 

Achernar,  Fomalhaut,  and  Canopus,  are  in  a  line,  and  nearly 
equidistant,  being  about  40°  apart. 

568.  When  a  few  stars  are  known,  the  rest  are  easily  found 
by  the  times  of  their  Meridian  Passages,  Table  27,  and  their 
Declinations,  Table  63,  as  described  in  No.  482  (8). 

A  star  may  also  occasionally  be  identified  by  means  of  its 
altitude,  or  azimuth,  computed  roughly* 


CHAPTER  IV. 

Subordinate  Computations. 

L  The  Greenwich  Date.  II.  Reduction  op  the  Elements 
in  the  Nautical  Almanac.  III.  Conversion  of  Times. 
IV.  Hour-Angleb.  V.  Times  of  certain  Phenomena. 
VI.  Altitudes.    VII.  Azimuths, 

569.  Such  parts  of  computations  as  are  common  to  more  opera- 
tions than  one  are  collected,  both  to  avoid  repetition  and  for  facility 
of  reference,  in  this  chapter,  which  contains  also  some  smaller 
computations  not  relating  directly  to  the  principal  divisions  of  the 
subject.* 

*  Certain  computations  in  this  chapter,  though  not  of  immediate  application  ia  Uit 
pretest  volume,  may  be  found  useful  fur  the  purposes  of  verification. 
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I.  The  Greenwich  Date.* 
1.  Conversion  of  Arc  and  T\me. 

6/0.  To  turn  Degrees  and  Minutes  into  Time. 

By  Inspection.— (1.)  To  the  whole  second.  Enter  Table  68  or 
49  with  the  given  arc,  and  take  out  the  hour,  minute,  and  second. 

Table  68  shews  the  time  to  the  nearest  two  seconds. 

(2.)  To  parts  of  seconds.  Take  out  of  Table  >7  the  hour*, 
minutes,  seconds,  and  parts  corresponding  to  the  given  degree,  min., 
mid  sec. 


Ex.  1.  Turn  360  1 1'into  Time. 
In  Table  68,  or  69,  360  11'  U  seen  to  be 
tt  24«  44*  in  Time. 

Ex.2.  Turn  1010  41' 45"  into  Time. 
Ann.  by  Table  69,  6^46*  47*  in  Time. 


Ex.  3.  Torn  1340  51' 9"* 7  into  Time. 

In  Table  17,  130°,  8h40»  o» 
4  16 

52'  3  *t 

9  06 

o*7  9°$ 

Time  required  8  59  28*65 


571.  By  Computation. — Multiply  the  arc  by  4;  this  turns  the 
degrees  into  minutes  of  time,  the  minutes  (')  into  seconds  of  time, 
and  the  seconds  (")  into  thirds  of  time.f 

Ex.  360  1 i'  multiplied  by  4,  is  144"  44%  or  %k  24"  44*  in  Time. 

572.  To  turn  Time  into  Degrees,  Minutes,  and  Seconds  of  Arc. 
By  Inspection. — (I.)    To   the   nearest  second   or  two  seconds. 

Employ  Table  68  or  69. 

(2.)  To  parts  of  seconds.  Take  out  of  Table  18  the  deg.,  min.f 
and  sec.  corresponding  to  the  hours,  mins.,  and  sees,  of  time. 

573.  By  Computation. — Turn  the  hours  into  minutes,  and  divide 
by  4  ;  the  quotient  is  the  deg.,  min.,  and  sec. 

Ex.  1.  2fc  24"  44*  are  144"  44*,  which,  divided  by  4,  gives  360 1 1'  in  Aac 
Ex.  2.  5h  io*  are  320*,  which  divided  by  4  gives  8o°  in  Arc. 

2.  Deduction  of  the  Greenwich  Date* 

574.  The  Civil  Date  begins  at  midnight,  No.  480 ;  the  Astrono- 
mical Date  begins  at  noon  :  thus  the  civil  date  Oct.  1st,  3  p.m.,  is  the 
astronomical  date  Oct.  1st,  3h;  but  11  a.m.  on  this  day,  civil  date,  is 
the  astronomical  date  Sept.  30th,  23*. 

In  most  cases  it  is  necessary  to  refer  to  the  astronomical  time  at 
Greenwich,  or  the  Greenwich  Date,  No.  481,  because  it  is  for  the 
time  at  this  meridian  that  the  elements  of  astronomical  calculations, 
which  are  in  perpetual  change,  are  given  in  the  Nautical  Almanac. 

The  Greenwich  Date  is  always  mean  time,  unless  the  contrary  be 
expressed.  At  sea,  however,  it  is  often  convenient  to  deduce  the 
Greenwich  Date  in  A  pp.  Time. 

*  The  term  Greenwich  Date,  used  always  by  Dr.  Inman,  is  preferable  to  Greenwich 
Time,  because  it  is  essential  to  note  the  day  as  well  as  the  hour. 

f  The  reason  of  these  rules  will  appear  on  considering  that  dividing  360°  into  24*  gives 
IV  for  1  hour,  15'  for  1",  and  15"  for  1*;  and  further,  that  to  multiply  by  60,  and  at  the 
same  time  to  divide  by  15,  If  th"  same  as  to  multiply  by  4 ;  and  to  multiply  by  15  and  tv 
divide  by  60  is  to  divide  oy  4. 
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576.  To  find  the  Greenwich  Date  by  the  Chronometer: — 
Since  the  chronometer  i&  regulated  to  Greenwich  mean  time, 
apply  the  gain  or  loss  up  to  the  time  proposed.     No  example  in 
necessary,  as  this  is  no  more  than  the  common  process  of  allowing: 
for  the  error  of  a  watch. 

576.  To  find  the  Greenwich  Date  without  the  Chronometer : — 
(1.)  In  W.  Long.     Find  the  Astron.  Date,  No.  574;  add  to  it 
the  Long,  converted  into  time,  No.  570.     If  the  sum  amounts  to  or 
exceeds  24h,  deduct  24b  and  reckon  the  time  on  the  next  day. 

Ex.  1.    June  3d,  at   j1"  30™  p.m.,  long. 
3»°W.:  find  the  Greenwich  Date. 

Astron.  Date,  June  3d,        3*  30" 
3"°»     +»     4 
Greenwich,  Junk  3d,    5   34 


Ex.  2.    June  4th,   5b  18"  a.m.,  long. 
130°  W. :  find  the  Greenwich  Date. 
Astron.  Date,  June  3d,         I7h  18* 

1300,       +8  40 

Greenwich,  Junk  4th,    1  58 


(2.)  In  E.  Long.  Find  the  Astronomical  Date,  No.  574 ;  subtract 
from  it  the  Long,  in  time :  the  remainder  is  the  Greenwich  Date. 
If  the  Long,  be  greater  than  the  Astron.  Date,  add  24fc  to  this  last, 
and  reckon  the  time  on  the  preceding  day. 


Ex.  3.    April  15th,  4h  17"  p.m.,  long. 
aS°B. 

Astron.  Date,  15th,  4*  17* 

Greenwich,  April  15th,  2  25 


Ex.  4.    Dec  31st,  6*  57"  a.m.,  long. 
4o°B. 

Astron.  Date,  30th,  i8b  57* 

400,  -2  40 

Greenwich,  Dec.  30th,  16    17 


(3.)  When  it  is  noon  at  the  place.  In  W.  Long,  the  Greenwich 
Date  is  the  Long,  in  time.  In  E.  Long,  take  the  Long,  in  time  from 
24b :  the  remainder  is  the  Greenwich  Date  on  the  preceding  day. 


Ex.  5.      February   13th,    noon,    long. 
122'  W. 


Ex.  6.  March  31st,  long.  91°  E. 

Long.     6*   4" 
Greenwich,  March  30th,  17   56 


Greenwich,  Feb.  13th,  8h8»»  p.m. 

577.  It  is  easy  to  perceive,  on  all  occasions,  what  the  Greenwich 
Date  must  be,  by  proceeding  from  noon  at  the  place. 

Thus,  in  Ex.  2,  when  it  ii  noon  in  i3o°W.,  it  is  8"  40"  later  At  Greenwich;  hence, 
when  it  ii  6b+2n  tefort  noon  at  this  place,  it  is  6b42n  before  8*40",  or  ih  52™  i».m.  at 
Greenwich,  on  the  same  day. 

Ex.  4.  When  it  is  noon  in  long.  40 °  E.,  it  is  2b  40*  before  noon  at  Greenwich  ;  hence, 
when  it  is  6h  57"*  a.m.,  or  5*  3™  before  noon  at  this  place,  it  wants  2b  40BI  and  5b  $m,  or  7b  43" 
of  noon  at  Greenwich  on  this  day ;  or  it  is  i6b  17™  on  the  day  before. 


II.  Reduction  of  the  Elements  in  the 
Nautical  Almanac. 

578.  This  Reduction  is  effected  by  Inspection,  or  by  Logarithm*. 
No.  597.  When  extreme  precision  is  required,  a  further  correction 
is  aeccaary,  on  account  of  2d  Differences,  No.  598. 
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1.  Reduction  by  Inspection. 

[1.]    The  Srnn*$  Declmatum. 

579.  At  Sea. — (1 .)  At  noon.  Take  out  of  the  Nautical  Almanac, 
p.  1.,  or  Table  60,  the  sun's  decl.  at  noon  of  the  day,  and  note  whether 
it  is  increasing  or  decreasing ;  take  out  of  Table  19  the  correction  for 
long.,  and  apply  it,  as  there  directed,  to  the  decl.  at  noon. 

If  the  correction,  when  mbtractive,  exceed  the  decl.  at  noon  in  the 
table,  the  difference  is  the  decl.  of  the  contrary  name. 


Ex.  1.    Not.  13th,  1902,  long  640  W. : 
find  the  decl  at  noon. 

Sun's  decl.  131b,  noon,  I7°48'  S.  (titer.) 

640  W.  Tible  19  +3 

Rid.  Decl.        17   51  S. 

Ex.  2.    Mirth  20th.  1902,  long.  1780  W.: 
find  the  Sun's  decl.  at  noon. 

Decl.  20ih,  noon  o    25'  S.  (deer.) 

1780  W.  Table  19  -12 

Red.  Dicu         o   13  S. 

Ei.  8.   June  20ih,  1 902.  long.  120°  W.: 
find  the  decl.  at  noon. 

Decl.  201  h,  noon,  230  26'  N.  (titer.) 

1200  W.  Table  19  o 

Rid.  Decl.        23   26  N. 


J'-x.  4.     Sept  22d,  1902,  long.  1670  W.i 
find  the  Sun's  decl.  at  noon. 

Decl.  22d,  noon,  o°  35'  N.  (deer.) 

1670  W.  Table  19  -11 

Ran.  Decl.        o    24  N. 

Ex.  5.     Aug.  6th,  1902,  long.  S$°  E.: 
find  Sun's  decl.  at  noon. 

Drcl.  6th.  noon,  160  54'  N.  (deer.) 

850  E.  Table  19  _+  4 

Red.  Decl.       16   58  N. 

Ex.  6.    March  20th,  1902,  long.  So°  W.  t 
find  Sun's  decl.  at  noon. 


D%cl.  20th.  noon, 
8o°  W.  Table  19 
Red.  Dccl. 


0°25'  S.(decr.) 
o  20  S. 


When  the  declination  at  noon  at  Greenwich  is  0°  0'  in  east  long  , 
the  correction  is  the  decl.  of  the  same  name  as  that  of  the  day  before; 
in  west  long,  the  correction  is  the  decl.  of  the  same  name  as  that  of 
the  day  after. 

(2.)  At  a  given  hour.  Correct  for  long,  as  above,  and  then  apply 
the  correction  for  the  hour. 


Ex.  1.  March  21st,  1902,  long.  1230  W. 
at  3h  r.M.  :  find  the  decl. 

Dec!.  2l*t,  noon,      o°  l'  S.  (deer.) 
123  W.     +8'. 
3"  +  3'>      _     _ 

Red   Decl.      O  IO  N. 
For  3h  a.m.  the  corr.  will  be  Tor  9h,  or 
9',  tultractiv*,  and  the  Decl.  1%  O0  2'  S. 


Ex.  2.    Feb.  12th,  1902,  long.  780  E.  at 
7h  5CT  r.M.:  find  the  decl. 

Decl.  1 2th,  noon,       130  54'  &  (deer.) 
78'  E.  +4». 

7h5o-       -6'f a 

Red   Decl.       1 3    52  S. 
For   7*   50w  a.m.   the   c»,rr.  is   that  for 
4k    io",  or  3',  additive,  and  the  Decl.  is 
14°  I'  a 


580.  Accurately. — (1.)  Find  the  Greenwich  Date.*  Take  out 
of  the  Nautical  Almanac,  p.  II.,  the  decl.  for  noon  of  the  same 
and  the  next  days,  and  take  the  diff.  between  them,  or  the  Daily 
Variation. 

When  the  declination  changes  its  name,  the  daily  variation  is  the 
sum  of  the  two  declinations. 

(2.)  With  the  Greenwich  Date  and  daily  variation  take  out  the 
proportional  part  from  Table  21. 

•  When  the  Greenwich  Date  is  given  in  App  rent  Time,  the  Sun's  <*e  1.,  Ac,  are  t-kea 
from  p.  I.  of  the  Naut.  Aim.  instead  of  p.  11.;  the  com  juta turn  in  other  respects  is  the  same. 
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The  reduction  of  the  elements  in  the  Nautical  Almanac  can  ako 
be  effected  by  using  the  Hourly  Variation  given  on  p.  I.  of  each 
month  :  taking  care  always  to  use  the  elements  for  the  noon  or  hour 
nearest  to  the  Greenwich  Date.  Several  examples  given  under 
Nob.  579-584,  and  592  are  thus  worked : — 

1.  Seduction  by  Hourly  Variation  in  Nautical  Almanac. 

57  9#  [1.]  The  Sun's  Declination. 

Ex.  1.  Not.  13th,  1878,  long.  640  W. 


find  the  decl.  at  noon, 

Long.  640  W.-4*  i6»  =  4fc*3 
Hourly  Var.    39"  7  x  4-3  -  171"  or  +  3'. 
Sun's  decl.  13th,  noon,    1 8°  i'  S.  (incr.) 
640  W.  Table  19  +3 

Red.  Decl.         18    4  S. 

(2.)  At  a  given  hour, 
Ex.  1.  March  21st,  1878,  long.  1230  W., 
at  3h  p.m.  :  find  the  decl. 
Long.i23°W.-8,,i2»  +  3h«iihi2»=ii,,-2. 
Hourly  Var.      59"- 1  x  1 12 = 663"  or  + 1 1 '. 

Decl.  2iBt,  noon,         o°  18'  N.  (incr.) 

I23°W.    +  8'\  ... 

3^    +3'/    m 

Red.  Decl. 


Ex.  4.  Sept.  22d,  1878,  long.  1670  W.: 
find  the  Sun  s  decl.  at  noon. 
Long.  1670  W.-nk  8-=»uhi 
Hourly  Var.  $&"-$  x  1 11  -  649"  or  - 1 1'. 
Decl.  22d,  noon,         o°  16'  N.  (deer.) 
1670  W.  Table  19       _- 1 1 
Red.  Decl.         o     *  5  N. 


For  3* 


o    29 
the  corr.  will  be  for  9h,  or 


9',  subtractive,  and  the  Decl.  is  o°  17'  N. 

580.  (3.) 
Ex.  1.  May  9th,  1878,  at  uh  30"  mean 
time  at  Greenwich  :  find  the  Sun's  decl  in. 
Hourly  Var.  39"5  x  iih30»oni,"$  =  454"-3 
-+   7'34"-3 


Decl.  9th,  at  noon, 
Red.  Decl. 

582. 


Ex.  1.  June  6th,  1878,  at  8h  II-  a.m., 
mean  time,  long  170  W. :  required  the  Sun's 
R.A. 

Astron.  Time,  June,        5*  20b  1 1" 
Long.  170  W.  +1     8 

Green.  Time,  June, 


5  **   *9 
2ih  19™  —  24h«2h  41"  or  2*7. 
Hourly  Var.  6th,   W31  x  2h7  =  -  27«"8 
R.A.6th,  4  57  26  4 

Red.  R.A.  4  56  58  6 

583.  [*•]  The  Equation  of  Time, 

Ex.  2.  Nor.  29th,  1878,  long.  1030  E. 
at  apparent  noon:  find  the  Equation  of 
Time. 

Astron.  Time,  Not.     291    o*  0^ 
1030  E.  -6  52 

Green.  App.  T„  Not.     28  17     E 
I7fc  8--24h»6h  52-  or  ^g. 
Hourly  Var.  29th,      o,89 x  6h  9  -  +  6" I 
Equation  29th,  at  noon,    —  1 1"  30  o 
Red.  Ea.  of T.         -ii   361 


Ex.  2.  Feb.  12th,  1878,  long.  780  E„  at 

7h  50"  p.m.  :  find  the  decL 

Long.  78°E.  =  5"  12"  -  7bscr  =  2b38m  =  2h-6. 

Hourly  Var.       50"* I  x  26 «  130"  or  - 2'. 
Decl.  1 2th,  noon,        130  38'  S.  (deer.) 
78°  E.         +4'1  2 

Red.  Decl.        13    36  S. 
For  7*  50"  a.m.  the  corr.  is  that  for 
4h  io"f  or  3',  additive,  and  the  Dkcl.  is 
13°  45'  S. 

Ex.  2.  March  21st,  1878,  1 5"  27-  meaa 
time  at  Greenwich :  find  the  Sun's  decl. 

15"  27--24h-8"  33-  or  $h'55. 
Hourly  Var.  22d,   59"-2  x  &"$$  =  506  '2 

~-  8'26"-2 
Decl.  22d,  at  noon,        o  41  42  6  N. 
Red.  Decl.         o  33  16  4  N. 

[2.]  The  Sun's  Right  Ascension. 

Ex.  2.  March  22d,  1878,  at  2*  20"  r.M., 
mean  time,  long.  43°  E.:  required  the  Sun's 
R.A. 

Astron.  Time,  March,    22*  2h20" 

Long.  430  E.  __-  2  52 

Green.  Time,  March,    21 '23  28 

23*  28"-24fc  =  oh  32"  or  oh*53. 

Hourly  Var.  22d,    9*  09  x  oh*53  -  -  4,,8 

R.A.  22d,  o    6  247 

Red.  R.A. 


17  23  58   9  N- 
17  31  33   2  N. 


o    6  19  9 


Ex.  8.  Dec  25th,  1878,  long.  180  W.  at 
5h  o»  A  M.  (app.  time) :  find  the  Equation 
of  Time. 

Astron.  Time,  Dec         24*  I7h  o* 

180  W.  +  i  12 

Green.  Time,  Dec         24  18  12 

i8h  l2--24h«5fc  4*"  or  5b,8 

Hourly  Var.  25th,     V2$  x  5h'8-  -7,*3 

Equation  25th,  at  noon,      +0"  20  0 

Red.  Eq.  of  T.  +0   12  7" 

[Tsfacep.  208. 
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(3.)  When  the  first  decl.  is  increasing,  add  this  prop,  part  to  the 
decl.  at  noon ;  when  decreasing,  subtract  it. 

If  the  prop,  part,  when  subtractive,  exceed  the  deel.  itself,  the 
difference  is  the  decl.  of  the  contrary  name. 

E*.  1.     M*y  9th,  1878,  at  1  ih  30-  mean 
time  at  Greenwich :  find  the  Sun's  dec  I  in. 
91b,  Page  II.,  N.A.      170  23'  58" -9  N. 
loth,  17    39  47  '4  N. 

Daily  Var.  15   48    $ 


Ilk  yr*t**r.  15'  30" 

185 

Qth,  at  noon. 

Kid.  Decl. 


7   25  -6 

__J/9 

+  7  34  -5 
17    23   58  -9  N. 

17    31    33  *4  N. 


Ex.  2.     March  2 1st,  1878, 15*  27"  mean 
time  at  Greenwich  :  find  the  Sun's  de*  I'm. 
2Ut,  Page  II.,  N.A.     o°  18'    2"'4  N. 
22d,  o    41   42  «6  N. 

Daily  Var.     23   40" "2 

15*  o-\  var.  23'  30"  I4~4i~a 

10  -2  6  *4 

27-,        23   40  26  -6 


21st,  at  noon, 

Rm.  Dicl. 


+  15    »4  -2 
Q     18     2  -4N. 

o    33    16  :6N. 


The  sun 's  decl.  changes  nearly  lf  an  hour,  or  1"  in  lm,  in  March 
and  Sept. ;  hence,  to  ensure  it  to  1"  in  the  extreme  case,  the  Green- 
wich Date  must  be  true  to  lm. 

The  2d.  diff.  (see  No.  598)  is  26"  a-day  in  June  and  December. 
The  greatest  error  of  omitting  it  is  then  |  of  26",  or  3". 

[2.]    Tk*  S*n'$  Right  AscKMSion. 

581.  Approximately. — Find  it  in  the  Nautical  Almanac,  or  from 
Sidereal  Time  in  Table  61,  for  noon.     See  Note  to  p.  21 1  and  p.  421. 

Ex.  1901,  April  21st,  find  the  Sun's  Right  Ascension.     Sidereal  Time,  April  21st, 
lk  55"'4  -  l""2  Equation  of  Times  I*  54*2,  Sun's  R.A. 

582.  Accurately — (1.)  Find  the  Greenwich  Date.  Takeout  of 
the  Nautical  Almanac,  p.  II.,  the  R.A.  for  noon  of  the  same  day 
and  the  next.  Take  the  difference  between  them,  which  is  the  Daily 
Variation. 

When  the  firbt  R.A.  has  23h  and  the  second  0*,  add  24b  to  the 
second,  and  subtract  the  first  from  it :  the  remainder  is  the  Daily 
Variation. 

(2.)  With  the  Greenwich  Date  and  the  Daily  Variation  find  the 
proportional  part  from  Table  21. 

(3.)  Add  this  prop,  part  to  the  first  R.A. :  if  the  sum  exceed 
24h,  reject  24\ 

Ex.  1.  June  6th.  1878.  at  8h  II"  a.m., 
mean  time, long.  170  W. :  required  the  Sun's 
R.A. 

Astron.  Time.  June, 

Long.  1 70  W. 

Green.  Time,  June, 

R.A.  5th,  Page  II.,  N.A 
6h, 

Daily  Var. 

2ib  o-,  var.  4"  o»  3    3° 

7  *a  6-3 

I9-.         4    7 3J3 

Corr.  +3     39  -6 

5th.  R.A.  4_53_  l9   2 

Rao.  R.A.  4   56     58-8 


5*  20h  II" 

+  i     8 
5  "ai   »9 

4h  53"  19"  #2 

4    $7    26  '4 

4      7  #2 


Ex.  2.    March  22d,  1878,  at  2h  20"  p.m., 
mean  time,  long.  430  E. :  required  the  Sun's 
R.A. 
Astron.  Time,  March,     22*    2h  20" 
Long.  430  E.  -2   52 


Green.  Time,  March,     21 

23   28 

R.A.  2 1st,  Page  II.,  N.A., 
22d, 

0h  2«.  45«.4 
0    6    24  7 

Daily  Var. 

3    38'3 

23*  0",  var.  3m  30' 
a8m,         3    38 

3     21  '2 

8-o 
4  2 

2 1st,  noon, 

+  3    33*4 
0    2    46  '4 

Red.  R.A. 

06    19  *8 
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When  the  RJL  in  the  tables  is  0,  the  prop,  part  is  R.A. 
required. 

The  greatest  daily  change  of  R.A.  is  4"  30*  in  December ;  the 
smallest,  3"  30s  in  September. 


[S  ]    The  Eqmatim  •/  Time, 

583.  At  Sea.— (1.)  Find  the  Greenwich  Date.  Take  out  the 
equation  of  time  from  the  Nautical  Almanac,  p.  I.,  or  Table  62,  for 
the  same  day  and  the  next.  When  both  the  equations  are  directed 
to  be  added,  or  both  to  be  subtracted,  take  their  difference :  if  one  is 
to  be  added  and  the  other  subtracted,  take  the  sum :  the  result  is 
the  Daily  Variation. 

(2  )  With  the  Greenwich  Date  and  the  Daily  Variation  find  the 
correction  or  proportional  part  by  Table  21. 

(3.)  When  the  first  Equation  is  increasing,  add  the  prop,  part ; 
when  decreasing,  subtract  the  lesser  from  the  greater. 

If  the  prop  part,  when  subtract  ive,  exceed  the  first  Equation, 
their  diff.  is  the  Reduced  Equation,  and  is  additive  or  subtractive 
according  to  the  direction  for  the  second  Equation. 


Ex.  1.     June  25th,  1902,  lonff-  41° 

W. 

Ex.  3.     Dee.  26th,  1902,  long.   180  W. 

at  3*  2&m  r.n.  (ipp.  time) 

:  find  toe  Eq 

na 

at  5*  0-  a.m.  (app.  time) : 

find  the  Equa- 

tion  ol  Time. 

tioo  of  Time. 

A  stron.  Time,  June, 

25*  3"  28- 

Afttron.  Time,  Dee. 

25*17*  OF 

410  W. 

+2  _44 

25    6    12 

i8°W. 

Green  Time,  Dec 

I   12 

Green.  Time,  June, 

25    l8    12 

Eq.  T.  25th, 

+  2"  ir-o 

Eq.  T.  25th, 

-0-   8-6 

26th, 

+  2   24-0 

26th, 

+  0  21  -3 

Daily  Var. 

13  *o 

Daily  Var. 

0  29  *9 

6*  I2"\  %ar.  iy 

+  3  -o 

1 8*  12",  rar.  29-9 

-   22  7 

25th,  noon. 

2    n  *o 

25th,  noon, 

-08-6 

Rkd.  Eq.  op  T. 

+  2    14-0 

Red.  Eq.  op  T. 

+  0   14*1 

Ei.  2.     Nov.  29th,  1902,  loo*.  1030 

E. 

Ex.  4.     Sept  1st,  1902 

,  lcng.  840  E.  at 

At   apparent  nooo  :  find 

the  Equation 

of 

4h  34*  a.m.  (app.  time)  .  find  the  Equation 

Time. 

ot  Time. 

Astron.  Time,  Not. 

29*  O"  o" 

Astron.  Time,  Aug. 

3i'i6h34- 

1030  E. 

-6  52 

84°  E. 

-5  36 

Grven.  App.  T.  Nc*. 

28  17"  8 

Green.  App.  T.  Aug. 
Eq.  T.  3lHt, 

31   10  58 

Eq.  T.  28th, 

n»5o*-o 

+  o*»28-3 

29th, 

11  29  *o 

3*i, 

097 

Daily  Var. 

21  -o 

Daily  Var. 
IOh  58-,  var.  18-6 

18-6 

17*  8-.  var.  2V 

-15   1 

-8  5 

28th,  noon. 

- 1 1  50  «o 

Eq.  T.  31st, 

0   28  -3 

Han.  Eq.  op  T. 

-u  34  *9 

Rid.  Eq.  op  T. 

+  0    19  -8 

As  the  Equation  of  Time  is  generally  required  for  a  particular 
hour,  the  above  method  by  Table  21  is  more  convenient  that  that  by 
Table  20,  in  which  the  correction  is  given  corresponding  to  the  longi- 
tude, and  the  time  at  ship,  without  reference  to  the  time  at  Green- 
wich.    The  first  example  worked  by  Table  20  will  stand  thus  (no 
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farther  explanation  being  necessary,  as  the  table  is  entered  precisely 
like  Table  19):— 


Ex.  1.  June  25th,  1878,  long.  41°  W. 
at  3"  28-  p.m. 

Eq.  T.  25th,  p.I,N.A.  +2-  !#•$ 
26th,  +2    31  a 


Daily  Var. 

+  i-4\ 
+  18/ 


127 


410  W. 
3h*8- 
Eq.  25th. 

Bed.  Eq.  of  T. 


+  2   21  7 


Ex.  2.  March  26th,  1878,  long.  1090  E. 
at  7k  42"  a.m.  (a pp.  time). 

Astron.  Time,  March  25*  io*  42- 


Eq-  25th, 

+  6"  4' 2 

26th, 

+  5  45  7 

Daily  Var. 

18 -s 

12*  o"           -9*2) 

7  42            -5  9V 
109°  E.         +5  6  J 

-9'5 

25th,  noon. 

+  6    4*2 

Rbd.  Eq.  op  T. 

+  5  54  7 

584.  Accurately. — Proceed  as  directed  in  No.  583,  with  more 
attention  to  precision  in  the  several  quantities. 

Ex.  1.  Green.  Date,  Dec.  24th  1878, 
I5b  49"  (aPP-  time):  find  the  Equation  of 
Time. 


Ex.  I.  Green.  Date,  June  25th,  1878, 
6*  II"  (app.  time):  find  the  liquation  of 
Time. 

Eq.  25th,  page  I.,  NjL 
26th, 


Daily  Var. 

6*  o",  Tar.  12*7 
1  i-t        do. 

Eq.  25th, 

Rjro.  Eq.  of  T. 


2-  i8»'5  Eq.  24»h.  NA. 

%_  31  '2  25th, 

127  Daily  Var. 

3-2  15*  30-,  var.  30* 
*i  lor,     do. 

+  33 

♦  2    18  5  24th,  Eq. 

+  2   21  8  Rkd.  Eq.ofT. 
[4.]     The  Sidereal  Time* 


-o-io-o 

+  0_20*0 

30  O 

19 '4 
*4 


-19  8 
— o  io*o 

-o    98 


585.  Take  from  Table  23  the  Acceleration  corresponding  to  the 
hours,  minutes,  and  seconds  of  the  Greenwich  Date ;  add  them  to 
the  Sidereal  Time  at  the  preceding  mean  noon,  from  N.  A.  or  Table  6 1 . 

When  the  sum  exceeds  24\  reject  24h. 

Ex  1.  Green.  Date,  Nut.  1st,  1901, 
3k  41*  39"*  fi"d  the  Sid.  Time.  By 
lables  61  and  23. 


Sid.  T.  mean  noon,  Not.  1st, 

I4h  4°-3 

Acotl.      3h 

5 

41* 

•I 

39* 

•O 

Rkd.  Sid.  Timb 

14  40  *9 

Ex.  2.  Green.  Date,  March  23rd,  1901, 
2oh  36*"  57*:  find  the  Sid.  Time.  H/ 
N.A. 


Sid.  T  mean  noon,  March  23d,  o*  i< 

36-  3 

57' 
Rn»  Sid.  Time 


7'o 
17    I 

5*9 
•2 


9  4    30  2 

[5.]   The  MoorCe  Horizontal  Pa^aHar. 

586.  At  Sea. — As  the  Moon's  Horizontal  Parallax  does  not  change 
more  than  27"  in  12  hours,  it  may  be,  in  most  cases,  taken  out  of  the 
Nautical  Almanac  at  sight. 

587.  Accurately — (1.)  Find  the  Greenwich  Date.  When  the 
Greenwich  time  is  less  than  12h,  take  out  the  hor.  par.  for  the  noon 
and  midnight  of  the  given  day;  when  it  exceeds  12\  take  out  the 
quantities  for  the  midnight  of  the  same  day  and  the  noon  of  the  next. 
Take  the  difference  between  them,  which  is  the  variation  in  12  hourd. 

*  The  Son's  Riebt  Ascension  may  be  found  roughly  thus:* To  the  8idereal  Time  in 
Table  61  apply  the  Eq  of  Time  from  Table  62,  as  there  directed :  for  ex.,  the  Sidereal  Time  on 
Not.  ist,  1901,  is  14*  40**3.  the  Eq.  of  Time  is  i6m  3  $ub. ;  hence,  subtracting  i6°u$  from 
i4h  4om*3,  gives  14*  24%  the  Sun's  RA.  lequireJ. 
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(2.)  Enter  Table  21  with  the  Greenwich  Time  and  the  12-hourly 
var.,  and  take  out  the  proportional  part.  When  the  horizontal  paral- 
lax is  increasing,  add  this  prop,  part ;  when  decreasing,  mbtraet  it 
from  the  horizontal  parallax  at  the  preceding  noon  or  midnight. 


Ex.  1.     Green.  Date,  Jan.  15th,  1878, 
5h  I  !■ :  required  the  Hor.  Par. 


H.P.  15th,  noon, 
15th,  midu. 
V«ir.  in  I2\ 
5*  11-,  var.  27"*5 
I5'h.  noon, 
Rkd.  IIok.  Par. 


57'  45"-* 
58    I*  7 

27  -s 

+  11  9 
57_45Ji 
57    57    1 


Ex.  2.    Green.  Date,  Aug.  12th,  1 878, 
I5fc  28" :  required  the  Hor.  Par. 


H.P.  1 2th,  midn. 

54' 

56"'9 

13th,  nooD, 

54 

45  *9 

Var.  in  I2k, 

11  -o 

3*  28",  var.  u"-o 

-3   * 

I2ih,  midn. 

54 

56   9 

Rkd.  Hob.  Par, 

54 

53  7 

Wlien  necessary  to  correct  for  latitude  (No.  437),  see  Table  4L 

[6.]  The  Moon' *  Semi  diameter. 

588.  As  the  variation  in  12h  does  not  exceed  8",  the  semi-diameter 
may  be  taken  out  of  the  Nautical  Almanac  at  sight.  In  general  die 
hor.  par.  is  required  at  the  same  time,  and  the  seniid.  corresponding 
is  then  taken  at  once  from  Table  40. 


[7.]  The  Moon'*  Declination. 

589.  At  Sea.— (1.)  Find  the  Greenwich  Date.  Take  out  of  the 
Nautical  Almanac  the  decl.  corresponding  to  the  hour  of  the  Green- 
wich Time,  and  also  the  diff.  for  tOm. 

(2.)  Enter  Table  22  with  this  diff.  and  the  minute  of  the  Green- 
wich Date,  and  take  out  the  prop,  part  at  sight  to  the  nearest 
minute. 

(3.)  When  the  declination  is  increasing,  add  this  prop,  part  to  it; 
when  decreasing,  subtract  the  lesser  from  the  greater.  If  the  prop, 
part,  when  subtractive,  exceed  the  decl.,  their  diff.  is  the  decl.  of  the 
contrary  name. 


Ex.  1.    Green.  Date,  Feb.  16th,   1878, 
1 1*  56" :  find  the  Moon's  doclin. 
Decl.  1 1\  140  39'  N.  deer.  D.  154" 

56-,  D.  154"  -14 

Rkd.  Drcl.      14  25  N. 

Ex.  2.    Green.  Dxte,  April  24th,  1878, 
I0h  47"  :  find  the  Moon's  decl  in. 
Decl.  loh,  180  15'  S.  deer.  D.  108" 

47"  D.  108"  -8 

Rkd.  Dbcl.     18    7   S. 


Ex.  8.    Green.  Date,  June  25th.  187$, 
&  50" :  find  the  Moon's  declin. 

Decl.  6\  18°  33'  N.  t»<?r.  D.  io5" 

5o"»  1? 

Rhd.  Decl.       18  42  N. 

Ex.  4.   Green.  Date,  Sept.  22nd,  1 878, 
9*1  37" :  find  the  Moon's  declin. 

Decl.  9h,  180  34'  N.  deer.  D.  12a" 

37",  zl 

Red.  Dbcl.         18   26  N. 


When  the  decl.  for  the  given  hour  is  0,  the  prop,  part  is  the  decl. 
of  the  name  of  the  next  hour. 

590.  Accurately. — Employ  the  decimals  of  the  diff.  for  lO*  as 
whole  seconds,  taking  care  to  divide  the  prop,  part  corresponding 
by  10,  or  by  100.  Proceed  as  above  directed  in  No.  589,  (1)  and  (3) ; 
also  take  the  seconds  of  the  Greenwich  Date  as  minutes,  taking  care 
to  put  the  minutes  of  the  prop,  part  into  the  place  of  the  seconds, 
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and  the  second*  into  that  of  thirds :  it  is  near  enough  to  work  to  the 
fraction  of  lm. 


Ex.  1.  Green.  Date,  Aug.  16, 1878, 17*  38-  vf\ 
find  the  Muon's  dec) in. 

Drcl.  I7\  8°  10'  3"-2  N.ittcr.  D.  i3o"-28 

i<r :  1 3<>r'-28 : :  38^   +8  19  4 

Rkd.  Dkcl.      8    18  22  -6  N. 


Ex.  2.  Green  Date,  Jan.  22«1, 1878, 
4h  31"  45' :  find  the  Moon's  <Wlio. 
Decl.4h.  o°  \$' 27 "  yKdec. 

10-:  170'' 92 : :3i}»  -9    2  7 

Rkd.  Dkcl.  6  25    o  N. 


The  greatest  change  of  deoi.  in  1  hour  is  17' ;  hence,  to  obtain 
the  decl.  in  the  extreme  case,  true  to  1',  the  Greenwich  Date  must  be 
true  to  4m,  or  1°  of  long. ;  and  to  obtain  it  to  1",  the  Greenwich  Date 
must  be  true  to  4*,  in  the  extreme  case. 


*    3 

2-4 

9"3 

84 

5'5 

1  4 

i7m,         5    9'3 

3*6 

1      1*3 

4    53  2 

11    37    18 -8 

R.A.  May  5th, 

5    17    49'3 

11    36    17  5 

Red.  R.A. 

5    22   42  s 

I7-,  2 

R.A.  Sept.  nth, 
Rii>.  R.A. 

The  greatest  daily  change  of  R  A.  is  6 
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(2.)  Enter  Table  21  with  the  Greenwich  Time  and  the  12 -hourly 
var.,  and  take  out  the  proportional  part.  When  the  horizontal  paral- 
lax is  increasmgy  add  this  prop,  part ;  when  decreasing^  subtract  it 
from  the  horizontal  parallax  at  the  preceding  noon  or  midnight. 


E*>  l.    Green.  Date,  Jan.  15th,  1878, 
5*  I  !• :  required  the  Hor.  Par. 


Ex.  2.    Green.  Date,  Ang.  12th,  1878, 
1 5"  28- :  required  the  Hor.  Par. 


H.P.  151b,  noon,  57'  45"-a 

15th,  midii.  58    12  7 

"Var.  in  I2\  27  •$ 

5*  11-,  rar.  27"*5  +11  -9 

15'h.  noon,  57    45  j2 

Kkd.  Hob.  Pab.  57    57    I 

When  necessary  to  correct  for  latitnde  (No.  437),  see  Table  41. 


H.P.  1 2th,  midn. 

54' 

56"'9 

13th,  noon, 

54 

45   9 

Var.  in  I2h, 

11  -o 

3*  28",  var.  ii"*o 

-3   * 

1 2th,  midn. 

54 

56   9 

Red.  Hob.  Par. 

54 

53  7 

««2. 


[9.]     Right  Ascension  of  Fe*«s. 


Ei.  3.     Green.  Date,  Sept.  Ilth,  1903, 
Ik47":  find  Venus'  R.A. 
R.A.  Sept.  nth,  noon         n*  37-  18-8 
Hourly  Var.*  1  ith, 

5'-l  x  li»'8       I o  *2 

Rid.  R.A.  Vends        11    36" I8~6 


Ex.  4.     Green.    Date,   May  5th,  1903. 
22"  47-:  find  Venus'  R.A. 

R.A.  May  5th,  noon  5"  17-  49"3 

Hourly  Var.*  5th, 

I2,'9x22*8  _4_54J! 

Ran.  R.A.  Vikos  5    22   43  '4 


593. 


[10.]     Declination  of  Fenus. 


Ex.  I.     Green.  Date,  Sept.   nth,  1903, 
II*  47"  :  find  Venus'  Declination. 
Hourly  Ver.*  Sept.  nth 

23"-9x  nk47»«         -4' 42"-o 

Decl.  Vvnus,  Sept.  I  Ith,      6°  51   30  •Q 

Ru.  Deri..  Vkmus  6    46  48   *o 


Ex.2.     Green.  Date,  Sept.  nth,  1 003, 
IIb47":  find  Venus'  Declination. 


Decl.  Sept.  I  nh, 
„     Sept.  1 2th, 

Daily  Var. 
IIh30-,  rar.  930 
6'3 
17".         9  3643 

Deel.  Venus,  Sept  nth, 
Red.  Decl.  Venus 


6°  51'  3o"-o 
64153  7 


9 

36 

3 

4 

33 

2 
6 

•1 
9 
•9 

6 

-4 
51 

42 
30 

"9 
•0 

6  46  47  -t 


*  The  Hourly  Variations  are  taken  from  the  Planetary  Ephemeridee  at  Transit  it* 
the  Nautical  Almanac 

[To  fact  f.  21*. 


of  the  name  of  the  next  hour. 

590.  Accurately. — Employ  the  decimals  of  the  diff.  for  10m  as 
whole  seconds,  taking  care  to  divide  the  prop,  part  corresponding 
by  10,  or  by  100.  Proceed  as  above  directed  in  No.  589,  (1 )  and  (3) ; 
also  take  the  seconds  of  the  Greenwich  Date  as  minutes,  taking  care 
to  put  the  minutes  of  the  prop,  part  into  the  place  of  the  seconds, 
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and  the  second*  into  that  of  thirds :  it  is  near  enough  to  work  to  the 
fraction  of  lm. 

Ex.  1.  Green.  Date,  Aug.  i6, 1878,  I7k  38-  20>: 
find  the  Moon's  declin. 

D*-cl.  I7\  8°  10'  3"-2  N.mor.  D.  l3o"-28 

io-:i3o"-28::38i-   +819-4 

Rkd.  Dmcl.      8    18  22  -6  N. 


Ex.  2.  Green.  Date,  Jan.  22<l,  1878, 
4*  3*"  45"  '•  tod  ^e  Moon's  d»-olio. 
Decl.  4h,  o°  15'  27''  7N.de*. 

10-:  170"  92::  31}"  -9     2  7 

^  N. 


Rkd.  Dkcl. 


6  25 


The  greatest  change  of  deol.  in  1  hour  is  17' ;  hence,  to  obtain 
the  decl.  in  the  extreme  case,  true  to  1/,  the  Greenwich  Date  must  be 
true  to  4m,  or  1°  of  long. ;  and  to  obtain  it  to  1",  the  Greenwich  Date 
must  be  true  to  4*,  in  the  extreme  case. 

[8.]  The  Moon'*  Right  Atceimon. 

591.  Take  the diff.  of  R.A.  for  lh.  To  the  const.  95229  add  the 
prop.  log.  of  the  diff.  for  lb,  and  the  prop.  log.  of  the  minutes  and 
seconds  of  the  Greenwich  Date:  the  sum  is  the  prop.  log.  of  the 
proportional  part,  always  additive. 

When  the  sura  exceeds  24h,  reject  24h. 


Ex.    1.     Green.    Dare,    Feb.   ad, 
I*  17"  15*1  find  the  Moon's  R.A. 


1878, 


Ex.  2.   Green.   Date.  April  xStli,  1878, 
16*  56"  45s.  find  the  Moon's  R.A. 


R.A.  ih, 

Var.  i*, 
Time, 

ii*  n-45^3 
*i    '3   4' '3 

1    56-0 
17    15 

9-51x9 
19690 
1  0185 

R.A.  i6\ 
i7h. 
Var.  i\ 
Time,' 

X3"  58-54-6 
0     0  40 '4 
1    45  8 
56  45 

95119 

10089 
•5013 

R.A.  i\ 
Rkd.  R.A. 

+  0   33-3 
fti    11    45  3 
21    ix   18  6 

a-5i04 

R.A.  i6S 
Rkd.  R.A. 

1    40 
*3   5«    54'* 
0     0   34*6 

1*0331 

The  greatest  change  in  lh  is  2ra  55s,  the  smallest  is  lra  45§ ;  henoe 
to  have  the  result  true  to  1",  the  Greenwich  Dale  must  be  true  to  20*. 


[9.]  Right  Aicention  of  Venu$. 

592.  With  the  Green.  Date  and  daily  variation  of  R.A.  deduce 
the  prop,  part  by  Table  21  ;  this  is  to  be  added  to  the  R.A.  at  the 
preceding  noon  when  increasing^  and  subtracted  when  decreasing. 


Ex.  l.     Green.  Date,  Sept.  nth,  1903, 

IIh47»:  find  Venus'  R.A. 

R.A.  Sept  nth,                  iih  37»  i8"8 

Sept  12th,                  11    35    13  3 

Daily  Var.                              2      5  -5 

Ex.  2.     Green.    Dat*»,  May   5th,    1903, 
22"  47":  find  Venus'  R.A. 

R.A.  May  5.},,                       5*  I7m49"3 

May  6th,                        5    22    58  6 

Daily  Var.                                5      93 

1 1*  30m,  var.  2m  O- 

5'5 
I7-,        2   55 

0   57*5 
24 

I  *4 

22h  30™,  var.  5m 

9"3 
I7"\         5    9*3 

4    41   2 
84 
3*6 

R.A.  Sept.  nth, 
Rtn.  R.A. 

1      t  "3 
n    37    188 

11    36   17  5 

R.A.  May  5th, 
Red.  R.A. 

4    53*2 
5    17    49  3 
5  22  42  s 

The  greatest  daily  chauge  of  E 

A.  is  6m. 
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[10.]  Decimation  qf  Venus. 

b93.  Find  the  proportional  part,  and  apply  it  to  the  declin.  at 
the  preceding  noon,  as  directed  in  No.  580.  As  the  process,  whether 
Approximate  or  Accurate,  is  the  same  as  that  for  the  sun,  no  example 
is  necessary. 

The  greatest  daily  change  of  declination  is  35'. 

[11.]  Right  Ascension  and  Decimation  q/Mars. 

694.  Proceed  as  for  Venus.  The  greatest  daily  change  of  R.A. 
is  4B;  that  of  declination,  25'. 

[12.]  Right  Ascension  and  Declination  of  Jupiter . 

595.  Proceed  as  for  Venus.  The  greatest  daily  change  of  H.A. 
is  lm ;    that  of  declination,  4'. 

[13.]  Right  Ascension  and  Declination  qf  Saturn. 

596.  Proceed  as  for  Venus.  The  greatest  daily  change  of  R.A. 
is  40* ;  that  of  declination,  V. 

2.  Reduction  by  Logarithms. 

697.  (1.)  The  proportional  part  may  be  found  by  the  Propor- 
tional Logarithms,  Table  74,  thus:  —  For  24-hourly  variations  take 
the  constant  log.  9  1249;  for  12-liourly  variations  take  8*8239;  for 
3- hourly  variations,  no  constant ;  and  for  hourly  variations,  9*5229. 

Then  to  the  constant  add  the  prop.  log.  of  the  Green.  Date, 
(reading  hours  and  rain,  as  min.  and  sec.  when  the  var.  corresponds 
to  more  than  3h),  and  the  prop.  log.  of  the  variation  as  given  for  24\ 
12h,  3h,  or  lh;  the  sum  is  the  prop.  log.  of  the  proportional  part 
required. 


Ex.  1.   (Daily  Variation.)    Green.  Time 
i  ib  30",  Daily  Var.  14'  41". 

const  log.  9*1249 

Gr.  Time  n^to"     p.  log.  1*1946 

Var.       14'  41*         p.  log.  1*0880 

Prop.  Past  7'  i"*6    p.  log.  1*4075 

Ex.  2.    (Twer?e-houriy  Var.)     Green. 
Time  4b  n*\  Var.  i6"-6. 

oontt.  log.  8*8239 
Gr.  Time  4*  n"  p.  log.  1*6337 
Var.  i6"-6  p.  log.  18133 
Prop.  Part  s"*8     p.  log.  3*2709 


Ex.3.  (Three-hourly Var.)  Green.Tinte 
7b  i8m  12%  change  in  3  hours  i°3i'4i":  find 
the  Prop.  Part  for  ih  18"  n». 

Gr.  Time  ih  iSa  12s     p.  log.  3621 

Var.         i°3i'4i#        p.  log.  2930 

•    Prop.  Part  o°  39'  49"   p.  log.  6551 

Ex.  4.  (Hourly  Var.)  Green.  Time 
ic>  56™  io%  Hourly  Var.  8'  4/'*2. 

const,  log.  9*5229 

Gr.  Time  $6m  io»       p.  log.  •  '5058 

Var.         8'47"*2        p  log.   i*3"4 

Prop.  Part  8'  13"*  5  p.  log.  1*3401 


(2.)  The  proportional  part  for  24h  is  obtained  conveniently  from 
Jp  91  A  ••  tli us-  — 


Table  21  A;*  thus: 


*  In  common  practice  at  sea  the  prop,  part  may  he  taken  oat  at  sight  from  Table  21 : 
when  extreme  precision  is  required  the  logarithms  to  four  places  only  are  not  sufficient. 
For  ex.,  at  seat  for  the  Time  7h  10",  and  Daily  Variation  27  27"'5,  we  enter  the  table  with 
22*  30",  and  take  out  at  once  (No.  50)  the  quantity  about  i  between  6'  S3'* 7  at  7k  0°\  and 
V  r*9  at  7h  30",  that  is,  6'  40",  or  6'7.  Now  this  mental  interpolation  is  performed  in 
very  considerably  less  time  than  it  takes  to  write  down  the  quantities,  while  the  small  inac- 
curacy to  which  it  is  liable,  amounting  here  to  6'.42"*4  —6'  40",  or  2"*4  only,  would  he 
wholly  inappreciable  in  practice  at  sea.  The  logarithms  in  Table  21  A  give  in  this  case  the 
result  true  to  0"*1;  but  if  the  prop,  part  were  above  8'  the  logs,  could  no  longer  be  .lepended 
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Tike  out  from  this  Table  the  log.  of  the  Greenwich  Time,  arid 
idd  to  it  the  log.  of  the  Daily  Variation ;  the  sum  is  the  log.  of  the 
prop,  part  required. 


Ex.  1.    (The  Son's  Declination.)   Green. 
Date,  May  13th,  n»  30*. 

Or.  Time     uk3o»         log.  3195 

Daily  Yar.     14'  41"         log.  2129 

Prop.  Pajlt    /  *"'6        log.  5314 

Ex.  2.     (The  Sun'a  Right  Ascension.) 
Greav.  Datn,  June  6th,  9h  19"*. 

Or.  Time    9h  19"        log.      4109 
Daily  Var.  4"  T  5        **•      7*4» 

Pact.  Past  1"  36*       log.  1*1757 


Ex.3.    (The  Equation  of  Time.)   Green. 
Date.  June  15th,  6h  nM. 

Or.  Time    6H  1 1-  log.  5890 

Daily  Var.      12"  log.  3010 

Prop.  Part      3*  log.  8900 

Ex.  4.     (Right  Ascension  of  Venn*.) 

Green.  M.T.  \<f>  13",  Daily  Var.  4"  54«. 

Or.  Time        19*13"  °9°5 

Daily  Var.       4*  54"  6900 

Prop.  Part     3"  55«  7*6$ 


3.  Correction  for  Second  Differences. 

598.  The  quantities  in  the  Nautical  Almanac  do  not  in  genet al 
change  uniformly,  that  is,  by  equal  portions  in  equal  times,  but  the 
differences  of  any  series  of  quantities  taken  in  order  exhibit  differ- 
ences among  themselves,  or  second  differences,  as  in  the  case  of  alts., 
p.  200.  Hence  the  proportional  part  found  by  the  preceding  rules 
is  not  always  the  actual  change  in  the  interval,  but  may  require  a 
correction,  which  is  called  the  equation  of  second  differences. 

The  greatest  error  which  can  arise  in  any  case  from  neglecting 
this  correction,  that  is,  the  greatest  value  of  the  equation  itself,  is  | 
of  the  whole  2d  diff. ;  this  takes  place  when  the  interval  for  which 
the  proportional  part  is  required  is  half  the  interval  for  which  the 
quantities  are  set  down  in  the  table. 

For  example,  suppose  the  second  diff.  of  the  sun's  decl.  to  he  26"  m  14* ;  the  greatest 
error  of  neglecting  the  equation  will  be  i-8th  of  26",  and  will  take  place  when  the  Green. 
Date  is  i»h,  or  midnight. 

599.  To  find  the  Equation  of  Second  Differences.    Take  the  two 

Siantities  in  the  table  next  on  each  side  of  the  given  one,  and  set 
em  down  iti  order.  Add  together  the  1st  and  4th,  and  the  2d  and 
3d ;  write  against  the  sum  of  the  2d  and  3d,  whether  it  be  the  greater 
or  the  lesser  of  the  two  sums. 

Half  the  diff.  of  these  two  sums  is  the  2d  diff. 
Under  the  Tabular  Interval,  and  with  the  Qreen.  Date  as  inter- 
mediate time,  enter  Table  25  and  take  out  the  multiplier,  by  which 
multiply  the  2d  diff. ;  this  is  the  Equation  of  2d  differences.  If  the 
2d  sum  is  marked  the  greater ,  add  the  equation  to  the  prop,  part 
deduced  by  one  of  the  preceding  rules ;  if  the  lesser,  subtract  the 
equation. 


upon  as  shewing  the  true  tenth,  not  only  because  the  last  figure  ceases  to  change  hy  1st. 
7*  58*,  but  because  the  last  figure  of  any  logarithm  is  itself  but  an  approximation. 

Although  logarithms  afford  material  service  in  multiplication  or  division  of  many  figures, 
yet  in  short  and  easy  reductions  they  are  attended,  as  is  well  known  to  experienced  arith- 
neticians,  with  considerable  loss  of  time,  and  should  accordingly  be  resorted  to  only  when 
they  unequivocally  effect  a  saving  of  time  and  labour. 

It  is  also  important  to  observe  that  the  facility  of  mental  interpolation  constantly  improves 
•f  exercise,  and  that  the  habit  sharpens  the  perception  of  arithmetical  proportions. 
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]Jy  Logarithms.  To  the  prop.  log.  of  tho  2d  diff.  add  the  ar.  co. 
log.  of  the  multiplier ;  the  sum  is  the  prop.  log.  of  the  equation 
required. 

Ex.  Greenwich  Date,  June  17th,  1878,  1?  n"  M.T.i  And  the  Sun's  Declination. 
The  two  declinations  preceding  are  those  of  the  1 6th  and  17th ;  the  two  following  an 
those  of  the  18th  and  19th. 


June  1 6th, 
i7th, 
18th, 
19th, 


id  Diff. 


*3°»*  3'*  5 
*3  *3  57 '3 
*3  *5  26  3 
ay  26  30  *6 
46  48  34" 
46  40  *3  6  {greater) 

*)    49  S 
H75 


In  Table  25,  Tabular  Interval  14*  anal 
I3h  ii«  give  '114. 

This  multiplied  by  24*75  gi*«»  3#,°7» 
the  Equation  of  id  Dim. ;  which  beinf 
added  to  prop,  part  as  found  by  No.  5P0, 
gives  Dkclik.  required. 

By  Logs. 

*4*75  P«  l°g*  2*6400 

Log.  9*0925      ar.  co.  0*9075 

P-  log-  3' 5475 


600.  This  correction  is  of  the  most  importance  when  the  quantity 
attains  its  maximum^  that  is,  arrives  at  its  greatest  amount  between 
two  times  given  in  the  Nautical  Almanac.  This  circumstance  is  known 
thus : — When  the  sum  of  the  vars.  in  1  hour  opposite  the  Green,  day 
and  the  following  one  is  equal  to  the  diff.  of  the  vars.  in  1  hour  oppo- 
site the  Greenwich  day  and  the  preceding  one ;  for  ex.  on  Dec.  20th, 
21st,  and  22d,  the  vars.  in  1  hour  of  the  sun  are  l"-70,  0"*52,  and 
0"*66  respectively,  hence  the  declin.  is  maximum  at  some  time  between 
the  noons  of  the  21st  and  22d. 


III.  Conversion  of  Times. 


1.  Intervals. 

[1.]  7b  concert  an  Interval  of  Mean  Time  into  an  Interval  of  8'tdereal  Time. 

601.  Approximately. —  Increase  the   Interval  by   lm  for  every  6 
hours,  or  by  10*  for  each  hour,  or  by  1*  for  every  6m. 

602.  Accurately.— Add  to  the  Interval  the  Acceleration  (Table  23), 
corresponding  to  the  hours,  minutes,  and  seconds. 


7"  I*' 


.    1.      (App 
6»  of  M.T. 


into  S.T. 


Convert 


70*  and  i* 
*wr»rav.  in  Si».  f. 


7*1*-  & 

♦  I     12 

7    «3    18 


Ex.2, 

7* 


(Accurately.)    The  same  ex. 
7"»i2»  6» 


7*  i»*-99) 
2-  <  -97  J 
6«  -o*l 


+  1    10*98 


Intbrt.  in  Sid.  T.      7    13   16*98 


[2.]  7b  convert  an  Interval  of  Sidereal  Time  into  an  Interval  of  Mean  Time. 

603.  Approximately. — Diminish  the  Interval  by  lm  for  every  6 
hours,  or  by  108  for  each  hour,  or  by  lf  for  every  6m. 

604.  Accurately. — Subtract  from  the  Interval  the  Retardation9 
(Table  24),  corresponding  to  the  hours,  minutes,  and  seconds. 

*  Or  from  corresponding  tables  in  Naut.  Almanac 
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E».    1.       (Approximately.)        Convert 
7*  13-  IT  of  S.T.  into  M.T. 

70*  and  a4         -I    12 

Iktiet.  in  M.T.  7    I2~5~ 


Ex..*.    (Accurately.?     The  ume  ei. 
f  l3»I7- 
7>   ^8-81] 

'3W     *  ::  r 
17'  -05  J 

Intuit,  in  M.T. 


I  10  99 


7    12  6  *oi 


The  above  precepts  relate  to  Intervals  of  time ;  the  following  are 
employed  in  the  conversion  of  absolute  time  of  one  kind  into  that  of 
another. 

2.  Absolute  Times. 

[1 .]  To  concert  Apparent  Time  into  Mean  Time, 

605.  Reduce  the  Equation  of  Time,  taken  from  page  I.  of  the 
Nautical  Almanac,  or  from  Table  62  by  No.  583,  or  584,  and 
apply  it  to  the  given  App.  Time  as  directed  in  the  said  page  I.  or  in 
Table  62. 

If  the  Eq.  of  T.  when  subtractive  exceeds  the  A.T.,  add  24h  to 
the  A.T.  and  date  the  time  on  the  day  before. 

Ei.  1.     March  2d,  1902,  at  nk  56-43' 
A.M.,  A.T.,  )ong.  148°  W.  :  find  M.T. 
The  Green.  Date  is  2*  9*  49m. 
Eq.  T.  2d,  12"27»-8 

3  *>  12    IS  * 

Daily  Var.  12  #2 

9h49™  *ar.  I2**2  —  5  -I 

2d,  _l2_V^t 

Red.  Eq.  T.  +  I2~ 22  7 

App.  T.  ?3_56_43_ 

Mian  Tims,  2d  "0     9-57 


Ex.  2.     Not.  10,  1902,  oh  13"  40'  p.m., 
A.T.,  long.  360  E.  :  required  M.T. 
Green.  Date,  o/1  2ih  $&". 
Eq.  T.  9th,  -i6d,7"6 

loth,  -15    2  7 

Daily  Var.  4  -9 

21*  so™,  rar.  4"9  -^5  »o 

9th,  16    7  -6 

-l6~2* 

App.  T.  o  13  40  *o 

Mian  Timi,  9th     23  57  37  -4 


[2.]   To  convert  Mean  Time  into  Apparent  Time. 

606.  Find  the  Green.  Date  ;  reduce  to  it  the  Eq.  of  T.  from  page 
II.  of  the  Nautical  Almanac,  or  from  Table  62,  and  apply  it  to  the 
given  M.T.  as  directed  in  the  said  page  II.,  or  the  contrary  way  to 
that  directed  in  Table  62. 

If  the  Eq  of  T.  when  subtractive  exceeds  the  M.T.,  add  24h  to 
the  M  T.  and  date  the  time  on  the  day  before. 

Ex.  1.    Auir.  3 is*,  1902  long.  180  W., 
20H58-  51'  M.T.:  Hud  A.T. 
CJiecn.  Date,  M.T.,  3id  22h  lim. 
R»d.  Eq.  T.  -  o,n  Ii-I 

M.T,  3 i*t,  20  58    51   O 

Arr.  Tim*  31st     20  58    39  *9 


Ex.  2.     Feh.  17th,  1902,  long.  1200  E., 
0»  5*  i8-  M.T.:  find  A.T. 

Gnen.  Datf,  M.T.,  161  l6h  $m. 
R  d.  Eq.  T.  -14"  17" 

M.T.  o    5j8 

Arr.  Tike,  16th        23  51     1 


[3.]   To  convtrt  Sidereal  Time  into  Mean  Time. 

That  is,  having  given  the  Sight  Ascension  of  the  Meridian,  to 
find  Mean  Time. 

607.  In  W.  long,  add  the  Acceleration  for  the  long,  to  the  Sid.T. 
at  mean  noon  ;  in  E.  long,  subtract  it. 

From  the  given  Sid.  Time  (increased  if  necessary  by  24h)  sub- 
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tract  tlus  reduced  Sid.  T.  at  the  preceding  noon ;  the  reminder  is 
the  approximate  M.  T. ;  subtract  from  this  time  the  Retardation 
corresponding  (Table  24). 

Ex.  1.  Jan.  itt.  1S78,  long.  9*  50*  40*  E.,  it  aih  o«  13*  Sid.  T. :  find  M.T. 


8id.  T.  M.  Noon, 
Accel.  9h      i»28*7 
50*  8  *a 

4o«  -i 

Sid.  T.  M.  Noon, 


i8h44"o»*7 


-  1    37  -o 


4*   23'7 


Gi Yen  Sid.  T.  ai*    a"  13*0 

Red.  Sid.  T.  M.  Noon,    18  4*    *3  7 

Approx.  M.T.  a  26   59  * 3 

19-7) 

**m      4'3 

59*       02) 

Mban  Tims, 


Ret.  a* 


-H'» 


2   26  35*1 


Ex.  t.   March  aid,  1878,  long.  7*  »a»35»  W.,  at  n*  5"-a7«a  Sid.  T.  t  find  M.T. 

The  Rbd.  Sin.  T.  is  oh  o*^?  ;  whence  the  approx.  M.T.  it  1  ih4"49**3.  and  the  Ret  ta 
(kit  1"  48**9  erne,  leavea  Mban  Timb  nk  3"  0**4. 

[4.]  7b  convert  Meem  Time  rale  SMerted  Time. 

That  is,  having  given  the  Mean  Time,  to  find  the  R.A.  of  the 
Meridian. 

608.  In  W.  long,  add  the  Acceleration  for  the  long,  to  the  Sid* 
T.  at  the  preceding  mean  noon ;    in  E.  long,  subtract  it 

To  this  reduced  Sid.  T.  at  mean  noon  add  the  given  M.  T.  and 
the  Acceleration  for  the  said  M.T. ;  the  result  (rejecting  24*  if  it 
exceed  24h)  is  the  Sid.  T.  required. 


Ex.  I.  June  29th,  1878,  long,  ic*  39*  •> 
W„  at  3*  37"  46*6  M.T.  1  find  Sid.  T. 
Sid.  T.  at  M.  Noon,  a9thf   6k  a9»44»-3 


Accel,  for  long.  iok  39"" 
Red.  S.T.  M.  Noon, 
M.T. 


Accel.  31 


a9"6 
37-        « 
47* 
8i».  Time, 


11 


4i  45  •<> 
6  31  a9"? 
3   37   46-6 

+  35« 
10     9  51  7 


Ex.  2.  Not.  a6th,  1878,  long.  8*  5a*  ge* 

E.,  at  14*  55"  r*8  M.T. ;  find  S.T. 

Sid.  T.  M.  Noon,  a6th,  16*  ai-  7"6 

Accel  for  8b  $a*  1  $•  —  1   a7  -4 

Red.  S.T.  at  M.  Noon,  16    19  40  '2 

M.T.  14   55     78 
Accel.  I4k     i-i8**o\ 

55"          9-0}  +  a   27*0 

7-S           "©)  __ 


Sin  Timb, 


31    n  «$  o 
7    17  IS  -o 


IV.  Hour- Angles. 


1.  Tofitid  the  Hour-angle,  Mean  Time  being  given. 

[1.]  Hour -angl*  of  the  Smu 

609.  Find  the  Green.  Date;  Reduce  to  it  the  Eq.  of  T.,  and 
apply  it  to  the  M.T.  as  directed  page  II.  of  the  Nautical  Almanac, 
or  the  contrary  way  to  that  directed  in  Table  62 ;  the  result  is  A»T. 

If  A.T.  is  less  than  12h,  it  is  the  Sun's  Hour-angle,  reckoning 
from  the  meridian  westwards;  if  A.T.  exceed  12b,  subtract  it  from 
24b :  the  remainder  is  the  Hour-angle,  reckoning  from  the  meridian 
eastwards 


SUBORDINATE  COifPUTATCOHS. 


219 


«•.  1.  May  19*.  1*7*^°"*-  57°  V  w«. 
at  3*  7"  4*  M.T.:  find  the  Sun'e  Hour- 
angle. 

The  Green.  Date  is  19*  fe>  56-  a«. 
Eq.  T.  iotb.  Page  II.  +3-  45-3 

aoih, 


6*  56-,  var.  *"l 

Red.  Eq.T. 
M.T 

Hook 


+  3  4»'5 

aj8 

-8 

3  45  3 

+  3  44  5 

3    7   4*'Q 

3  »«    3o*5 


Et.  S.  July  ad,  1I7S,  long.  6i9  I  E„ 
at  »o*  a6-  53*  M.T.:  ind  the  Sun's  Hour- 
angle. 

Tlie  Green.  Date  is  a«  i6>  18-  49*. 


Eq.  T.  ad,  Page  II. 
3«*. 
Daily  Var. 
i6h  19",  var.  n«*i 

Sub.  from  M.T. 
M.T. 

Hova-Avau, 


s-4r9 

3   55' 

11  *a 

+  7  7 
3  43  9 

3    5»* 

ao  16   53  o 

ao  23  i'4  W. 
3  36  58-6  E. 


610.  When  the  Sun's  Hour-an^le  is  required  from  midnight,  if 
A.T.  is  less  than  12h,  subtract  it  from  12";  the  remainder  is  the 
Hour- angle,  reckoned  westwards.  If  A.T.  exceed  12",  subtract  12h 
from  it;   the  remainder  is  the  Hour-angle,  reckoned  eastwards. 

[2.]  Hour-angle  0/ a  Star. 

611.  (1.)  Find  the  Green.  Date,  to  which  reduce  the  Sid.  T.  at 
mean  noon. 

(2.)  To  the  M.T.  add  this  reduced  Sid.  T.,  and  from  the  sum 
(increased  if  necessary  by  24*)  subtract  the  star's  R.A.;  the  result  is 
the  Hour-angle  W. 

If  the  Hour-angle  exceed  \%\  subtract  it  from  24b;  the  remainder 
k  the  Hour-angle  E. 


Ei.  1.  July  aist,  1878,  long.  3a0  ic/  W., 
at  9*  45"  ii*  M.T.:  required  tbe  Hour- 
angle  of  Arcturus. 

Green.  Date,  ai4  nk  54"  i». 

8kL  T. Mean  Noon, ant,      7"  56- a8*5 


Ex.  2.  Sept.  1st,  1878,  long.  1690  57'  E. 
at  8h  57"  39)  M.T. :  find  tbe  Hourangl* 
of  Altair. 

Green.  Date,  Aug.  31*  aik  37"  5»'« 
Sid.  T.  at  M.  Noon,  31st,   io*  38-  r*3 


Accel.  ll\ 
54". 

Red.  Sid.  T. 

1   48  4 

8'9 

7  58   *5'8 

9  45   *«  0 

17  43  46  8 

14  10     8  (4 

3  33    18 -4 

Accel.  aih, 
37". 
5i% 

Red.  Sid.  T. 
M.T. 

•  R.A. 
Houa-AMGi.K, 

3   *7'o 
61 
•1 

M.T. 
*  R.A. 

10  41   40$ 

19  39  19  5 
-19  44  53  5 

a  3   54  460W, 
0     5    34  oE. 

Ki.  a  Oct  1st,  1878,  long.  9a0  48*  E.,  at  5*  58-  19*  M.T. :  required  the  Hour-angle 
ef  Markab.  Hour-angle,  4k  ao-  7-8  E. 

Ei.  4.  Dec  astb,  1878,  long.  86°  45'  W.,  at  5"  7"  35'  MT.:  find  Rigels  Hour- 
angle  Houk-anglx,  5h  43-  55f  E. 

Ex.  5.  March  aid,  1878,  long.  1 10°  39/  W.,  at  n*  3-  37*  M.T. :  find  the  Hour-angla 
ef  Antares.  Hooe-awolb,  5*  15-  53  9'  k. 

[3.]  Hour-angle  of  a  Planet  or  the  Moon. 

612.  (I.)  Find  the  Green.  Date,  and  reduce  thereto  the  Sid.  T. 
at  mean  noon,  and  the  R.A.  of  the  body. 

(2,)  Add  this  reduced  Sid.  T.  to  the  M.T.,  and  proceed  aa  for  a 
star. 


220 


KAUTICAL  ASTRONOMY . 


Ei.  i.  Oct.  15th,  1878,  long.  4i°44'W., 
it  6*  56-  54*  r.M.  M.T. :  find  the  Moon's 
Hour-angle. 

Green.  Date,  Oct  1 5*  gh  43"  50". 
Kid.  T.  Mean  Noon,  15th.        I3h  35"  31*  ** 
Accel.  9* 
43* 

Red.  Sid.  T. 
€•■  R.A.   o* 


287 

7" 
•1 


13 

4o»2o**5 

4»    37*5 


Cs  R.A.   9* 
Red.  R.A. 
Red.  Sid.  T. 
M.T. 

<••  R.A. 


*  17 
43  50 

*  39*9 
40  *Q'5 


37    «-i 

9-5229 

1-8967 
06135 
20331 


42     04 

*3h   37"  *••! 

6     S^  54 

2*1 

o'4 


20 

-4 


34 
4* 


15     5*     17W. 


Ei.  2.  Feb.  nth,  1878,  loi.g  870  5'  W## 
at  4*  46- 48-  a.m.  M.T.:  find  the  Hour- 
angle  of  Mxr*. 

Green.  Date,  Feb.  104  22h  35"  ia#. 
Sid.  T.  Mean  Noon,  loth        2ih  si""43"-o 
Accel.  22k  3    36  S 

35-  5  * 


21 

15-57-° 

18    aia 

%   25-2 


Ked.  Sid.  T. 
Man'  R.A.  10th   a1 
nth,  2 
Daily  Var.  __ 
22h  35"  Ynr.  *•  25*  gi\es 

R.A.  10th  % 

Red.  R.A. 
Red.  Sid.  T. 
M.T. 

Mara'  R.A. 
Hour-angle, 


15    256 


Hous-avole,       8      7  58  3  E. 
2.  To  find  the  Hour-angle,  the  Altitude  being  given. 

613.  By  Inspection.     See  Explan.  of  Table  5. 

614.  By  Computation.  Add  together  the  alt.,  lat.,  and  pol.  dist., 
take  half  the  sum,  and  from  it  subtract  the  alt. 

Add  together  the  log.  sec.  of  the  lat.,  the  log.  cosec.  of  the  pol. 
dist.,  the  log;,  cos.  of  the  half  sum,  and  the  log.  sine  of  the  remainder ; 
the  sum  (rejecting  tens)  is  the  log.  sine  square  of  the  Hour-angle .* 

Note. — When  the  Hour- angle  is  less  than  t\  four  places  of  the  logarithms  give  it  to  tht 
nearest  second  of  time.  * 


Ei.  1.  Alt.  370  51',  lat  510  io'N.,  pol. 
dirt.  700  33',  or  decl.  io°  27'  N. :  find  the 
Hour-angle.    Bee  Ex.  1,  of  No.  616. 

Alt 

Lat 

PoL  dist 

Sum 


Half 

Rem. 

Bora*  an olb  3 


37"  5'' 
5?    10 

7Q   33 

'S9   34 

79  47 
41    56 

1  32"  47*  sin.  sq, 


sec     0*20269 
cosec  0*02552 


cos. 
sin. 


9*24888 
9***495 
930204 


Ex.  2.  Alt  210  19'  5*,  lat  510  9'  26"  N. 
decl.  1 1°  14'  44"  S. :  find  the  Hour-angle 

Alt.    210  19'   f  Pts.for' 

Lat.    51     9  26  ...  sec     0*202536,  +   78 
P. dist  to  1    14  44  ...  cosec  0-008414,  +     6 


■73 

43 

>5 

86 

5i 

37- 

..  COS. 

8*738820, 

-*77 

°S 

32  32. 

..sin. 

9-959167, 

*  a 

8-908937 

* 

sin.  sq. 

— 201 

8-908736 

2* 

i2»  19* 

707 
3     *9 

Hour-angle    2   12    19*3 
Ei.  3.  Lat  300  1 1'  24"  N.  Decl.  14°  2'  46"  N.   Alt  6i°  9/  if.    Hour -angle  i*  43"  52*. 

When  both  the  lat.  and  decl.  are  0,  the  zenith  distance  in  time 
is  the  measure  of  the  Hour-angle. 

At  sea  it  is  near  enough  to  take  the  alt.,  lat.,  and  pol.  dist.,  to 
the  nearest  minute;  but  if  the  sum  is  odd  and  greater  that  170°, 
take  the  cos.  and  sin.  to  30",  because  the  neglect  of  this  may  make 
a  sensible  error  in  the  Hour-angle. 

•  Log.  sine  square,  Table  69,  is  the  same  as  the  log.  haters ine  of  Inman's  Tables. 
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p.]  Brron  of  the  Hour -Angle. 

615.  The  following  rales  give,  very  nearly,  the  effect  of  1'  error 
hi  the  alt.,  lat.,  and  pol.  (list.,  and  therefore  for  any  small  number 
of  min.  or  sec.  in  the  like  proportion  : — 

(1.)  Error  of  hoar-angle,  or  time,  due  to  1'  error  of  alt*  Add 
together  the  parts  for  30"  of  the  cos.  and  sine:  the  sum,  divided  by 
the  parts  for  I»  (Tab.  69),  gives  the  error  required. 

When  the  alt.  is  too  small,  the  hoar-angle  is  too  great;  when 
the  alt.  is  too  great,  the  hour-angle  is  too  small, 

(2.)  Error  of  hour-angle,  or  time,  due  to  1'  error  of  lat.+  Mul- 
tiply the  parts  for  30"  of  the  sec.  by  2,  and  add  the  parts  for  the 
sine;  under  the  sum  put  the  parts  for  30"  of  the  cos.,  and  take  the 
cliflT. ;  divide  this  diff.  by  the  parts  for  1\ 

When  the  lat.  and  true  bearing  are  of  the  same  names,  the  errors 
of  the  hour-angle  and  lat.  are  of  the  same  kind ;  when  of  contrary 
names,  of  contrary  kinds. 

Ex.  In  N.  Lat.,  if  the  sun  is  to  the  N.  of  E.  or  W.,  and  the  Lat.  employed  is  too  great, 
the  computed  hour-angle  will  be  too  greats  if  the  sun  is  to  the  S.,  in  the  same  case,  too 

(3.)  Error  of  time,  or  hour-angle,  due  to  V  error  of  pol.  dist. 
Multiply  the  parts  for  30"  of  the  cosec.  by  2,  and  add  the  parts  for 
30"  of  the  cos. ;  under  the  sum  put  the  parts  for  30"  of  tne  sine ; 
take  the  diff.,  and  divide  it  by  the  parts  for  l\ 

When  the  parts  for  30"  of  the  sine  are  less  than  the  sum  over 
them,  the  error  of  the  hour-angle  is  of  the  contrary  kind  to  that  of 
the  pol.  dist. ;  when  greater,  of  the  same  kind. 


Ex.    See  Ex.  1,  of  No.  614. 


Pans  for  30*. 

5i°io'sec  7% 
70  33  cosec.  22 
79  47  cos.     354 


41    56 


7i 


Parts  for 
I-  table  69  1  6 
S30     )°4 


p.  830 


Error  1  of  AH. 
Cos.  354 
Sin.  71 
(Sum)  425 
Error  of  Time 

*4     r 


Error  1'  of  Lat. 

Sec  78 

xi 

Sin.  71 

( Sam)    227 

Cos.       354 

(Diff.)    127 

Error  of  Tims 

«7      . 

64 


Error  1  oTPbLPtat. 
Cosec        22 

xi 

44 
Cos.       354 

(Sum)    398 

Sin.         71 

<Diff.)    w 

Error  of  Timr 

64    ? 


The  error  of  the  hour-angle  may,  possibly,  be  made  up  of  the 
sum  of  these  three  errors,  but  in  most  cases  they  will  partially 
compensate. 


*  To  find,  approximately,  the  small  interval  of  time  corresponding  to  a  small  change  of 
•It.  by  means  of  the  Azimuth :— Add  together  the  log.  sine  of  the  change  of  alt.,  the  log. 
cosec.  of  the  azim.,  and  the  log.  sec.  of  the  lat. :  the  sum  (rejecting  tens)  is  the  log.  sine  of 
the  interval  required. 

To  find  the  same,  by  means  of  the  Hour-angle :— Add  together  the  log.  sine  of  the  change 
of  alt.,  the  log.  sec.  of  the  lat.  and  declin.,  the  log.  cos.  of  the  alt.,  and  the  log.  cosec.  of  the 
hour-angle :  the  sum  is  the  log.  sine,  as  above. 

One  of  these  processes  may,  on  some  occasions',  be  convenient. 

t  To  find  this  error  by  means  of  the  Azimuth  .—Add  together  the  log.  cot.  of  the  azim.. 
the  log.  sec.  of  the  alt.f  and  the  log.  sine  of  the  error  of  lat. ;  the  sum  U  the  log.  sine  of  the 
*tot  required. 
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3.   To  find  the  Hour-angle,  the  Azimuth  being  given. 

616.  Add  together  the  log.  sine  of  the  azimuth,  the  log.  coa.  of 
the  lat.,  and  the  Tog.  sec.  of  the  decl. ;  the  sum  (rejecting  tens)  is  the 
log.  sine  of  the  angle  A.# 

Under  A  put  the  azimuth,  reckoned  from  the  elevated  pole,  and 
take  half  the  sum. 

Take  half  the  sum  of  the  pol.  dist.  and  colat.,  and  half  the  diff. 

Add  together  the  log.  tan.  of  the  half  sum  of  A  and  the  azim., 
the  log.  cos.  of  the  half  sum  of  the  p.  dist.  and  colat.,  and  the  log. 
sec.  of  the  half  diff. ;  the  sum  (rejecting  tens)  is  the  log.  cot.  of  an 
arc. 

When  each  half  sum  is  less,  or  greater,  than  90°,  twice  this  arc 
is  the  Hour-angle  required;  but  if  one  only  of  the  half  sums  exceed 
90°,  twice  the  suppl.  of  the  arc  is  the  Hour-angle. 

Ex.    Lat.  510  30'  N.,  decl.  200 1'  N.,  asim.  N.  uo°  21'  W.  •  find  the  Honr-angle. 
As.  iio°ii'        siii.  9*97201 


Let    51    30         cot.  9-79415 

Peel.   20     a        see.  0*02711 

A      38  25         tin.  9*79327 

As.   IIP    21 
Sun  148  46,  half  740  23' 


P.  Dist.  690  58' 

Colat.    38   30  740 23'  tan.  o  >S359 

Sum  108   28       half  54   14  cos.  9*76677 

Diff.    31  28       do.  1$  44  sec.  0*01658 

ik  38*  52*  cot.  0*33694 

2 

Hour- angle,  3    17  44 


4.   To  find  the  Hour -angle,  the  Altitude  and  Azimuth  being  given. 

617.  Add  together  the  log.  sine  of  the  azim.,  the  log.  cos.  of  the 
alt.,  and  the  loo;,  sec.  of  the  decl. ;  the  sum  (rejecting  tens)  is  the 
log.  sine  of  the  Hour-angle. 

Bx.    Alt.  400  25',  asim.  690  39',  ded.  200  2':  required  the  Honr-atifk, 

As.     690  39'  sin.  9*97201 

Alt.    40  25  cos.  9*88158 

Decl.  20     2  sec  0*02711 

Hour- angle,  3*  17*  48*  sin.  9  88070 

6.  To  find  the  Hour-angle  on  the  Prime  Vertical* 

618.  By  Inspection.     See  Table  29. 

619.  By  Computation.  Add  together  the  log.  cot.  of  the  lat. 
and  the  log.  tan.  of  the  decl. ;  the  sum  (rejecting  tens)  is  the  Log. 
eos.  of  the  Hour-angle. 

Ex.    Lat.  3 1°  28',  Decl.  140  11'  of  the  same  name  t  find  the  Hour-angle  of  a  celestial 
fcedy  on  the  prime  vertical. 

Lat     31°  28'         cot.  0*21325 
Decl.  14    1 1  tan.  9*4026? 

HOUR-ANOLB,  4k  22*  26*     COS.    9*6159! 

6.   To  find  the  Hour-angle  at  Ruing  or  Setting. 
6*20.  By  Inspection.    When  the  decl.  is  less  than  24°,  take  out  of 

•  This  ingle  A  is  die  angle  at  the  body  contained  between  its  pol.  dist  and  sen.  dist..  «* 
IbeMjfePAZ.fig.  p.US. 
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Table  26  the  time  of  setting ;  this  is  the  Hour-angle  required.     It  is 
called  also  the  Semidiurnal  arc. 

When  the  decl.  exceeds  24°,  see  No.  621,  or  Explan.  of  Table  5 
621.   By  Computation.     Add  together  the  log.  tangents  of  the 
lat.  and  decl. ;  the  sum  (rejecting  tens)  is  the  log.  cos.  of  the  Hour- 
angle  at  rising*  or  seltmg,  or  its  supplement. 

When  the  lat.  and  declin.  are  of  the  same  name,  take  the  nipple- 
menf ;  when  of  contrary  names  the  Hour-angle  is  that  taken  out. 


Ex.  1.    Ut,4804»'N.dcd.  ao°u'N.: 
id  tlie  Hour -angle  at  rising  or  setting. 

Lit  4$°  4*'  tan.  0*0561 

DecL  20   1 1  tan.  9/5654 

4hai"4»  00s.  9*6216 
Hour-angle,  7  38  56 


Ex.  2.    Lat.  310  10' N.  decl.  u°  14' 8.1 
find  the  Hour-angle  at  rising  or  setting. 

Lat    3i°io/        tan.  o'7ti6 
DecL  11    14        tan.  9*2980 

HoUR-ANOLK,    5^32*24*     COS.   9*0796 


7.  To  find  the  Hour-angle  near  the  Meridian,  by  the  observed 
Change  of  Altitude. 

622.  The  alts,  must  be  on  the  same  side  of  the  meridian. 
Correct  the  diff.  of  alts,  and  the  interval  by  adding  the  correction 
in  the  following  table : — 


1 

1 

Time. 

Amo. 

12- 

o» 

43- 

*? 

1°  0* 

0  0 

6°  15' 

o'44" 

10°  45' 

3' 5"" 

13 

1 

44 

16 

30 

0  1 

30 

0  50 

11  0 

4  7 

20 

1 

45 

18 

2  0 

0  2 

45 

0  56 

15 

4  *5 

23 

2 

46 

"9 

30 

°  3 

7  0 

«  3 

30 

4  43 

25 

3 

47 

20 

45 

0  4 

15 

1  10 

45 

5  * 

26 

3 

48 

21 

3  0 

0  5 

30 

1  17 

12  0 

5  *» 

28 

4 

49 

23 

15 

0  6 

45 

1  25 

15 

5  4* 

30 

5 

50 

»4 

30 

0  8 

8  0 

«  34 

30 

6  4 

32 

6 

51 

26 

45 

0  10 

15 

1  44 

45 

6  27 

33 

7 

52 

*7 

4  0 

0  12 

30 

*  53 

13  0 

6  51 

34 

7 

53 

*9 

15 

0  14 

45 

2  3 

15 

7  15 

35 

S 

54 

31 

30 

0  17 

9  0 

2  14 

30 

7  4« 

36 

9 

55 

3* 

45 

0  20 

15 

2  26 

45 

8  8 

37 

10 

56 

34 

5  0 

0  23 

30 

2  39 

14  0 

8  36 

38 

11 

57 

36 

15 

0  27 

45 

2  52 

15 

9  4 

10 

12 

58 

38 

30 

0  3: 

10  0 

3  16 

30 

9  34 

41 

13 

59 

40 

45 

0  35 

15 

3  20 

45 

10  5 

12 

14 

60 

4» 

6  0 

0  39 

30 

3  34 

15  0 

10  37 

Add  together  the  log.  sin.  of  the  diff.  alts,  (thus  corrected),  the 
log.  cosec.  of  the  interval  (corrected),  the  log.  sec.  of  the  declin.,  the 
log.  cos.  of  the  mean  of  the  two  alts.,  and  the  log.  sec.  of  the  lat.: 
the  sum  (rejecting  tens)  is  the  log.  sine  of  the  hour-angle  at  the 
middle  of  the  interval,  nearly. 

To  find  the  hour-angle  for  the  alt.  nearest  the  meridian,  subtract 
half  the  interval  from  this  hour-angle.  To  find  the  hour-angle  for 
the  alt.  furthest  from  the  meridian,  add  half  the  interval  to  the  hour- 
angle  found. 

Note, — If  the  alts,  are  not  measured,  the  raerid.  alt,  deduced  from  the  lat.  by  ace, 
•gnres  No.  452,  may  be  employed,  recollecting  that  this  alt.  is  ahrays  somewhat  too  gnat 
sxcept  when  below  the  pole,  when  it  is  too  small. 
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K*.  I.  Lat.  51°  30'  N.f  decl.  220  20'  N., 
obtained  tr.  alts.  6o°  27' 52"  and6o°  34'  35", 
or  diff*.  alts.  6'  43"  at  an  interval  of  4*  :  find 
I  he  Hour-angle  at  the  time  of  the  alt. 
nearest  the  meridiim. 

D.  Alt.  6'  43"  mo  corr.)  sin.       7*2909 


Int. 
Decl.  22° 

Mean  Alt.  60 
l«at  51 


(do) 
20' 

30 


Mid.  Int.  Oh  2itn  58* 
J  Int.        _-2 

HoUE-AMGLI       19     58 


cosec. 
re 

i£C 

sill. 


Ex.  2.  Lat  400  N.f  decl  200  N.,  ob- 
tained tr.  alt*.  690  58'  and  670  o't  or  diflT. 
alt.  2°  58',  with  inter  v.  of  47m  39*:  find  the 
Hour-angle  at  the  time  of  the  alt.  furthest 
from  the  meridian. 

D.  Alt.    20  58'  o"        Int.      47-  39« 
1 7581  Corr.  +5  Corr.        +21 

0-0339  2  58  5  48      o" 

9*6921  D.Alt.     2°  58' 5"        sin.       87142 

02058  int.  48-  o-     cosec.    0-6821 

^•9808  Dccl.  20°   o'       sec.       0*0270 

Mean  Alt.    68  29       cos.       9*5644 
Lat.  40     O       sec       0-1157 

Mid.  T.  29"  IO"    sin.       9*1034 

J  Int.  +23    49 

Hour- angle       52    59  (only  2"  too  small.) 

The  degree  of  dependence  is  chiefly  to  be  estimated  from  the 
effect  produced  by  a  small  change  in  the  diff.  alts. 

For  finding  by  an  easy  operation  the  apparent  local  time  from  an 
observed  altitude,  Davis's  "Chronometer"  Tables  (J.  D.  Potter, 
London,  108.  6d  )  will  be  found  of  service ;  they  also  make  clear  the 
effect  and  direction  of  any  small  error  in  the  observer's  latitude. 


V.  Times  of  certain  Phenomena. 
1.  Time  of  Passing  the  Meridian. 

[I .  ]  Meridian  Passage  of  ike  Sun. 

623.  The  Apparent  Time  of  the  sun's  meridian  passage  is  0h  0"1 0* 
except  below  the  Dole,  when  it  is  12h  0m  0*. 

624.  To  find  the  Mean  Time  of  the  meridian  passage : — 

Take  the  Eq.  of  T.  from  page  I.  of  the  Nautical  Almanac,  or 
from  Table  62  ;  reduce  it  for  the  long,  as  the  Green.  Date.  Then, 
if  the  reduced  Eq.  of  T.  is  additive  to  A.T.,  it  is  the  time  p.m.  of  the 
sun's  meridian  passage.  If  the  Eq.  of  T.  be  mbtraetive  from  A.T., 
subtract  it  from  I2b  :  the  remainder  is  the  M.T.  of  passage. 


Ex.  I.  March  31st*  1902,  long.  1400  W.: 
find  Mean  Time  of  Sun's  meridian  passage. 
Eq.  T.  31st,  +4"  28-3 

32d,  ±_4_}°JA 

Daily  Var.  Y8  -2 

Long.  9h  20m,  var.  i8'*2      -  7  *o 
_4    28-3 
Red.  Eq.  T.  add  to  A.T.  4    21-3 
M.T.  or  M.  Pass.  I2h  4m  21'  3. 


Ex.  2.     Dec.  1st,   1902,  long.  930  E. : 
find  Mean  Time  of  Sun's  meridian  passage. 
Green.  Dste,  Not,  30*  I7h  48". 


-II" 
-II 


21 


Eq.  T.  30th, 

Daily  Var. 
I7h  48°%  var.  21-8 

Red.  Eq.  T. 

M.T.  or  Pass.  nh  48""  47'*3. 


29"-i 

7J3 
■8* 


—  16  *4 

II    29  *l 

-II    12  7 


[2.]  Meridian  Passage  of  a  Star. 

625.  To  find  the  Apparent  Time  of  a  star's  meridian  passage : — 
At  Sea. — See  Table  27,  and  Explanation. 
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Or,  from  the  R.A.  of  the  star  (adding  24b  if  necessary)  subtract 
the  R.A.  of  the  sun  at  noon,  Nautical  Almanac,  page  I.,  or  deduced 
from  Sidereal  Time  in  Table  61  {see  Note,  page  211);  the  remainder 
is  the  A.T.  required. 


Ex.  1.    Oct.  17,  190a: 

find  A.T.  of  the  Mer. 

Pan.  of  Siriiis. 

By  Table  27. 
Oct  1st, 
For  17  days 

l8*  14- 
59 

By  Sun's  R.A. 
R.A  Sinus 
Oct.  17th.  ©*s  R.A. 

6*41* 
13    26 

Mer.  Past. 

17      IS  P.M. 

Her.  Pass. 

17    I*  r.M. 

Or  18th, 

5    13  *•*• 

Or  18th, 

5    I3*.»- 

Ex.  2.     Find  the  AT.  of  the  Mer.  Pass,  of  a  Urs.  Mnj.,  above  and  below  the  Pole,  on 
Feb.  nth,  1902.  Ams.     i*  19-  a.m.;  ik  17-  r.M. 

Ex.3. 

9"  F.M. 


Find  A.T.  of  Mer.  Pass,  of  Capella  on  July  2<xb,  1902. 

Ams.     9*  n"  A.M.;  9* 


626.  To  find  the  Mecm  Time  of  a  star's  meridian  passage : — 

Accurately. — From  the  R.A.  of  the  star  (increased,  if  necessary, 
by  24h)  subtract  the  Sid.  T.  at  mean  noon  on  the  day :  the  remainder 
is  the  approx.  M.T.  of  transit. 

Subtract  from  this  the  Retardation,  Table  24. 

In  W.  Long,  subtract  from  this  result  the  Acceleration  for  the 
Long.     In  £.  Long,  add  the  Acceleration. 

The  result  is  the  M.T.  of  meridian  passage. 


Ex.  I.  Jan.  1st,  1902,  long.  1°  25'  W. : 
find  M.T.  of  Mer.  Pass,  of  Aldebaran. 

R.A.  Aldebaran  4k  30-  17-8 

Sid.  T.  Mean  Noon     - 18    40    48  -5 

9    49    29  3 
Ret.    9*       1-28*7 

49"  8 

29' 
1°  25*  W.,  or  5»  40* 
M.T.  Mxa,  Pass. 


8'7) 


36-8 
-  "9 


Ex.  2.  May  22d,  1902,  long.  1310  1 1'  E. 
find  BIT.  of  Mer.  Pass,  of  Spica. 

I3h  20*    4-6 


Ex.  S. 


9   47    51*6 
Aug.  8th,  1902,  long.  900  15'  E. 


R.A.  Spica 

Sid.  T.  Mean  Noon 

Ret.  9h  23"  22" 

Long.  8"  44-  44- 
M.T.  or  Pass. 


JL_56_42j6 

9    23    22  o 

-1    32  "6 

9   **    49  4 
+  1    26  -2 

9    23    15  6 


Ex  4.     Feb.  1st,  1902,  long.  1720  34'  W. 
Ex.  5.     Oct.  1st,  1902,  long.  900  48'  E. ; 


:  find  M.T.  of  Mer  Pass,  of  Altair. 

Aks.     io*  41"  3**4. 

:  find  M.T.  of  Mer.  Pass,  of  Regulus. 

Ams.     I3U  i6»  5#tx 

find  M.T.  Mer.  Pass,  of  Markab. 

Ana.     io*  22"  6-1. 


[3.]  Meridian  Ffaf*  o/tk*  Moon, 

f 

627.  This  is  required  only  approximately. 

In  W.  Long,  take  from  the  Naut.  Almanac  the  diff.  between  the 
Mer.  Pass,  of  the  proposed  day  and  the  next  (given  in  mea/n  time  to 
0™  )).  In  E.  Long,  take  the  diff.  between  that  for  the  proposed  day 
and  the  day  before.    The  diff.  is  the  daily  variation. 

Take  from  Table  28  the  correction  corresponding  to  the  daily 
variation  and  longitude.     In  W.  Long,  add  this  corr.  to  the  time  of 

a 
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mer.  pass,  on  the  given  day ;  in  E.  Long,  subtract  it ;  the  result  is 

the  time  required. 

When  one  mer.  pass,  has  23h,  and  the  next  0k,  24h  must  be  added 
to  the  latter  in  finding  the  Daily  Variation. 


Ex.  I.  Find  Mer.  Pass,  of  C  Jan.  16th, 


1878.  long.  46°  W. 

Mer.  Pass.  16th, 

iok  9"  1 

17th, 

11   11  '6 

Daily  Var. 

1     *    5 

460  W.  tit.  62-5 

+  7« 

10    9  'i 

Man.  Pass. 

10  16  7 

Jan.  ifctb,  at  10*  16*7  r.M. 


Ea.  2.  July  xtfh,  1878,  long.  1300  &.J 
6nd  the  Mer.  Pass,  of  Uie  Moon. 

Mer.  Pass.  23*  19*    i"*8 

22  18  14  'l 

Daily  Var.  ~ 

E.  var.  47*7 


47  7 


130° 


»3  '9     ' 


Mia.  Pass.  23  18  45    o 

July  14th,  at  6*45"*  a.m. 


628.  As  the  lunar  day,  or  the  interval  between  the  moon's  mer. 
puss,  and  her  return  to  the  same  meridian  again,  exceeds  24  hours 
or  a  mean  solar  day,  an  entire  day  passes  at  certain  intervals  without 
a  lunar  transit.     For  ex. : — 

The  moon  passes  the  meridian  on  the  3d,  at  23H  50m,  or  10* 
before  the  noon  concluding  the  3d.  The  lunar  day  being,  at  least, 
40m  longer  than  the  mean  solar  day,  the  moon  will  not  have  reached 
the  merid.  by  about  30m  at  next  noon,  or  that  concluding  the  4th ; 
she  accordingly  passes  the  mend,  about  0b  30™  on  the  5th,  having 
skipped  the  4th  altogether 

There  may  thus  be  no  mer.  pass,  on  the  day  proposed.* 


Ex.  1.  March  3rd,  1878,  long.  si°  W.  t 
find  the  Moon's  Mer.  Pass. 

Mer.  Pass.  a*a3h44-,i 

3  *      * 

4  o  »3  'S 
Daily  Var.  39  '4 

Long.  ii°  W,  var.  39""4  -f  2  -o 

a  a?_44Ji 
Mia.  Pass.  2  23  46  *I 

March  3rd  at  11*46—1  a.m. 


Ei.  2.  October  26th,  1878,  long.  38°  E.r 
find  the  Moon's  Mer.  Pass. 


Mer.  Pass. 

Daily  Var. 
Long.  380  E.,  var.  57-5 


a6d  ok   7"7 
25     *      * 
24  23  io    1 

57    5 


26    c 


5  7 

7    7 


Mer.  Pass.  26     o 

October  26th,  at  o*  2"  r.if. 


In  "W.  Long.,  when  the  sura  of  the  corr.  and  mer.  pass,  exceeds 
24h,  subtract  24h,  and  reckon  the  time  on  the  next  day.  In  E.  long., 
when  the  corr.  exceeds  the  time  of  mer.  pass.,  add  24h  to  the  latter, 
and  reckon  the  time  on  the  day  before. 


Ex.  1.  Suppose  Ex.   1   above,  the  long, 
to  be  1700  W. 

i^ong.  1700  W.  var.  39"*4  +  18—0 

»a  *3  44    1 
Mia.  Pass,  3      o     2  'I 

March  3rd,  at  o*  ***i  r.M. 


Ex.  S.  Suppose  Ex. 
to  be  900  E. 

8  above,  the  long 

Long.  900  E„  var.  57^5 

-13-7 
.  ta*  o>  7  7 

Ma  a.  Pass. 
October  a6th,  at  1 1' 

*5  »3  54 

»  54-  A  M. 

*  This  occurs  about  the  time  of  conjunction  with  the  sun,  and  the  day  skipped  is  marked 
(J  in  the  N au t i en  1  Almanac  In  like  manner  a  day  U  skipped  at  the  lower  transit  (under 
the  pole)  at  opposition. 
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[4.]  Meridian  Pmagt  e/c  Plmet. 

629.  The  meridian  passages  of  the  planets,  like  those  of  the  moon, 
are  given  in  the  Nautical  Almanac  to  0m*l  of  mean  time. 

A  planet,  of  which  the  R. A.  increases  faster  than  that  of  the  sun, 
skips  a  day  at  conjunction,  as  observed  in  No.  628  of  the  moon.  On 
the  other  hand,  when  the  R.  A.  diminishes,  or  the  motion  of  the  planet 
among  the  stars  is  reversed,  two  transits  occur  within  the  limits  of  the 
mean  solar  day. 

As  the  greatest  daily  variation  of  meridian  passage  of  Vent* 
amounts  to  6m  only,  the  mer.  passages  of  the  planets  may  be  taken 
at  once  from  the  Nautical  Almanac  for  all  practical  purposes. 


2.  Time  of  Passage  of  the  Prime  Vertical 

[1.]  QftkeSm. 

630.  Approximately.  Find  the  Hour-angle  by  Table  29 :  this  is 
the  App.  Time,  approximately,  of  the  afternoon  passage ;  the  supple* 
ment  to  12h  is  the  Approx.  Appar.  Time  of  the  forenoon  passage. 

Ex.  2.  June  20th,  1878,  lat  550  N.  s 
And  the  a.m.  and  p.m.  transits  of  the  Prims 
Vertical. 

Let.  <5°  decL  230  %f  N.f  or  23$°,  Hour- 
angle  4*  52",  which  is  p.m.  transit:  the 
other  passage  is  at  7*  8"  a.m. 


Ex.  1.  Jan.  20th,  1878,  lat.  390  S.t 
Snd  the  times  of  the  Sun's  Passage  of  the 
Prime  Vertical. 

Jan.  20th,  Sun's  Decl.io°  5'  S.,  Table 
29,  lat.  390  and  decl.  20°,  give  Hoar- angle 
4>  1 3-.   The  AT.  of  the  W.  transit  is  4h  1 3* 


f.m.,  that  of  the 

7>  47-  A.M. 


E.  is  iah  —  4*  13",  ©r 


631.  Accurately.  Having  found  the  Approx.  App.  Time  as  above 
(No.  630),  apply  to  it  the  long,  in  time;  this  gives  the  Green.  Date 
in  App.  Time. 

To  this  reduce  the  sun's  declination,  and  compute  the  hour-angle 
by  No.  619. 

Ex.  1.  Aug.  29th,  1878,  required  the  App.  Time  of  Passage  P.M.  at  Tenby,  in  lat 
510  40  20*  N.,  long.  40  41'  W. 

Parts  for' 
5t°4o'  20*  cot     9-898010     —  86 
9  14  22  tan.     9-211018     +295 
9*109028 
+  209 
Cos.  9*109237 
Pass.  P.  Vertical,  5*  30"  %f 

hx.  8.    May  13th,  1878,  Snd  tbe  Time 
of   Passage    a.m.    at     South     Shields,    1st. 
550  o'  s<7'  N.,  long.  i°  25*  W. 
Green.  Date,  May  12*  iok  o* 
Red.  Declin.  180  22'  i6">*. 
An.  Time  Pass.  6*  53-  45*  a m. 


Lat.  5 1 1°  decl 

Table  29  gi 

4°  41' 

Green.  Date, 

DeeL  29th, 

30th, 

•9i°)            5k  30- 

ves  /                 J      3 
W.                   +_io 
29th,                5     49 

90  19   33"'8  N. 
8     58     6    1  N. 

fUd-Deel 

21  27  -7  0485 
5  49  ii55 
5  12             6640 

9  »9  33  * 

9  14  21  '8  N. 

632.  Find  the  A.T.  of  meridian  passage.     When  the  time  of  the 
*ut  transit  is  required,  subtract  the  Hour-angle  (Table  29)  from 
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this  A.T.  (increased  if  necessary  by  24h);  for  the  time  of  toeaf.  transit 
add  the  Hour-angle. 

Ex.  1 .   Find  the  Timet  of  Eastern  ind  Western  Transits  of  Prime  Vertical  of  Aldabaiaa 
it  So.  Shields,  on  Jan.  ist,  1878. 


App.  Time  Mer.  Pass.  Tab .27    oh  4 i» 
Decl.  160  lat.  55°  -5   H 

App.  Time  of.  E.  Transit,  4  27  p. if 


9>4i» 

'4   5S 
W.  Transit  of  2d,      a  55  a.m. 

Ex.  2.  July  Uth,  1878,  lat.  $1°  30'  N. :  find  Times  of  E.  and  W.  Transits  of  Prim* 
Vertical  of «  Lyras.  Ant.  App.  T.  of  Pass.  E.  7k  50-  *•*«• ;  W.    z*  30-  a.m. 

Ex.  8.  Dec.  4U1,  1878,  lat  400  10'  S. :  find  Times  of  E.  and  W.  Transits  of  Prime 
Vertical  of  Antares.  An*.  App.  T.  of  Pass.  E  8*i-a.m.;  W.  3*  17"  *•*. 

Ex.  4.  Aug.  17th,  1878.  lat  560  3'  N.  1  find  Time  of  B.  Transit  of  Prime  Vertical  o! 
Altair.  Am.   App.  T.  of  Pass.  E.  4*  22"  p.m. 

[3.]  Qf  the  Moon, 

633.  Approximately.  Proceed  as  for  a  star,  using  M.T.  for  A.T., 
because  the  time  of  her  mer.  pass,  is  given  in  M.T. 

634.  More  Accurately.  Find  the  approximate  time  as  for  a  star; 
find  the  Green.  Date,  and  reduce  to  it  the  declination.  Find  the 
Hour-angle  by  No.  619.  This  Hour-angle,  with  the  correct  time  of 
mer.  passage,  gives  the  time  more  nearly.  Correct  the  declination 
and  repeat  the  computation.  For  extreme  precision,  *  correction 
would  do  required  for  the  oblateness  of  the  earth. 

[4.]  Qfm  Planet. 

635.  Find  the  M.T.  of  the  Meridian  Passage  of  the  planet,  in  the 
Nautical  Almanac,  and  apply  the  Hour- angle  as  directed,  for  a  star; 
the  result  is  in  M.T. 


Ex.  1.  Jan.  19th,  1878,  lat.  540  33'S.  1 
And  the  time  of  W.  Transit  of  Prime  Ver- 
tical of  Venus. 

M.T.  Mer.  Pass,  19th  >  h 

page  2?4  N.A.          f  2    39 

Lat  540  S.,  Decl.  6°  S.  4  5   42 

M.T.  of  Pass.  8  21  p.m. 


Ex.  2.  Aug.  9th,  1878,  lat.  490  c6'  8.1 
find  the  Time  of  E.  Transit  of  Prime  Ver- 
tical of  Jupiter. 

M.T.  Mer.  Pass.9th)  „  - 

page  254  N.A.         }        IO    S7 
Lat.  500  JS.f  Decl  21°  »c.   -4    io 
M.T.  of  Pass.  .  0  47   *.*■ 


3    Times  of  Rising  and  Setting. 
These  are  required  approximately  only. 

[1.]  Of  the  Sun. 

636.  See  Table  26,  and  Explanation. 

[2]  Of  a  Star,  the  Moon,  or  m  PUmei. 

637.  Find  the  A.T.  (or  M.T.,  according  as  required)  of  the 
meridian  passage,  No.  625,  &c  Find  the  Hour-angle  at  rising  or 
letting,  No.  620. 

To  find  the  time  of  rising,  subtract  this  Hour-angle  from  the  time 
of  mer.  passage  (increased  if  necessary  by  24h) ;  to  find  the  Time  of 
Betting,  add  them  together,  rejecting  24h  if  the  sum  exceed  24*. 
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-7   37 

7   }7 

%   4  P.M. 

A.T.  OF  SlTTlNQ         17     IS 

Or  at  5b  i8»  a.m.  on  id. 

Ex.   Jan.  lit,  1878,  lat.  50°  N. :  find  A.T.  of  rising  and  setting  of  Aldebmnm. 

A.T.  Mcr.  Pass.,  Table  27         9*  41"  A.T.  Mer.  Pass.  9"  4»B 

$f  N.,  Decl.  160  N. 
A.T.  or  Rising 

638.  To  find  tlie  change  in  the  time  of  apparent  rising  or  setting 
due  to  the  horizontal  refraction  and  the  height  of  the  spectator, 
No.  446  (I)  and  (2). 

By  Computation.  Add  together  the  log.  secants  of  the  latitude 
and  declination,  the  log.  cosee.  of  the  hour-angle  at  rising  or  setting, 
and  the  log.  sine  of  34'+depr.  for  the  height  of  the  eye,  Table  8; 
the  sum  is  the  log.  sine  of  the  portion  of  time  required,  nearly. 


Ex.  1.  Find  the  difference  of  times  of 
Sunset  to  an  eye  at  the  level  of  the  sea,  and 
on  the  summit  of  the  Peak  of  Teneriffe,  on 
May  4th. 

Hour-angle  at  setting  (No.  621),  6b  35*  5**. 

Lat.        280  16'    sec.      0*0551 

Decl.       16    10     sec.      0*0175 

H.-Ang.   6*  36»   cosec  0*0054 

34'+  117* ■» 20  31'  sin.  8*6426 

Time  aso.  12"  $  sin.  8*7206 


Ex.2.  Lat.  280  16' N.,  declin.  160  \<t 
N. :  required  the  difference  in  the  times  of 
Sunset  to  the  eye  at  the  level  of  the  sea,  and 
derated  16  feet  above  it. 

Hour-angle  at  level  of  the  sea,  6k  35"  52*. 

Lat.  sec.      00551 

Decl.  sec.      0*0175 

Hour-angle    cosec  0*0054 

34' +  4',      sin.  8043$ 

Timb  Rjta.  3™  2'  sin.  8*1215 

This  process  is  very  nearly  correct  in  low  latitudes,  but  in  high 
latitudes,  where  the  body,  instead  of  rapidly  passing  the  horizon, 
partly  skims  along  it,  the  result,  when  the  dip  is  large,  is  too 
small. 

Thus,  for  the  above  depression,  117',  in  lat.  50°  (and  declination 
above),  the  time  comes  out  17ro  23%  it  should  be  17m38s;  and  in 
lat.  60°,  the  result,  24m  17%  should  be  26m  4\ 

639.  More  accurately,  find  the  Hour-angle  of  the  given  celestial 
body  when  below  the  horizon  34'  +  depression  due  to  the  observer's 
height,  by  No.  64*2;  this  is  effected  by  using  34'+depr.,  instead  of 
18°.  The  Diff.  between  this  Hour-angle  and  that  found  by  No.  621 
is  the  portion  of  time  required.* 

640.  Since  the  moon's  parallax  exceeds  the  refraction,  Nos.  433 
and  436,  she  always  appears  below  her  true  place,  and  therefore 
rises  later,  and  sets  earlier,  than  a  more  distant  body  of  the  same 
declination.  Accordingly,  in  the  preceding  rule  we  must  use,  in- 
stead of  34',  the  diff.  between  the  nor.  par.  and  34',  and  the  differ- 
ence instead  of  the  sum  of  the  latter  and  the  depression.  If  the 
depression  is  the  greater,  the  rising  is  accelerated,  otherwise  re- 
tailed. For  the  nor.  par.  61',  these  effects  neutralise  each  other 
at  the  height  of  650  feet ;  for  53',  at  320  feet ;  that  is,  to  the  eye 
placed  at  these  heights  the  moon  in  these  cases  rises  and  sets  nearly 
at  her  true  time. 


*  In  strictness,  however,  some  correction  (subtractta)  is  die  to  the  refraction  itsjtlf 
them  the  body  is  teen  at  a  considerable  depression. 


Ex.  1.   April  aid,  1878,  l»t.  510  46' N. : 
fin<l  the  Beginning  and  End  of  Twilight. 
Const.     1 8°   o 
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4.  Timet  of  the  Beginning  and  End  oj  Twilight 

641.  By  Inspection.  See  Explanation  of  Table  5. 

642.  Bu  Computation.  Add  together  18°,  the  lat,  and  the  poL 
/disk,  take  half  the  sum,  and  from  it  subtract  18°,  or  the  upper  .term. 

Add  together  the  log.  sec.  of  the  lat,  the  log.  cosec.  of  the  poL 
dist ,  the  log.  sine  of  the  half  sum,  and  the  log.  cos.  of  the  re- 
mainder; the  sum  (rejecting  tens}  is  the  log.  sine  square  of  the 
•tin's  hour-angle  when  18°  below  tne  horizon. 

This  Hour-angle  is  the  App.  time  of  the  end  of  twilight,  p.m.  ; 
and  the  supplement  to  12b  is  the  App.  time  of  the  beginning,  a*ic 

Note.-— The  declination  at  noon,  and  4,  or  eren  3,  placet  in  the  logs,  are  enough  for  thia 
pmrpoae. 

fix.  2.   Dec.  aist,  1878, lat.  550  i'N.i 
find  the  Beginning  and  End  of  Twilight 
Const.     180    o' 

Lat.         55     1        see.       0*2416 
P.D.      113   27        cosec    o*o;74 
186  28 

93    14  sine      9*9993 

75    14  cosine  94063 

End      5k  52"  sine  sq.  96846 

Beg.      6     8 

Ex.  S.    March  3d,  1878,  lat  6o°  4/  8.  Twilight  begins  ib  8"  a.m.,  ends  9*  $%*  p.m. 

Ex.  4.  Jan.  2d,  1878,  lat.  700  1'  N.,  Twilight  begins,  6k  42"  a.m.,  ends  5*  »**  *•** 
the  sun  not  appearing  above  the  horison. 

643.  The  duration  of  twilight,  or  the  interval  between  the  begin- 
ning of  twilight  and  the  sun's  rising,  or  between  sunset  and  darkness, 
is  found  by  taking  the  differences  of  these  times.  Thus,  in  Ex.  1, 
it  is  9h  28,n  -  7h  3ra  (setting,  Table  26),  or  4h  57m  (rising)  -2h  32m, 
which  is  2h  25m.     In  Ex.  2,  it  is  5h  52,n  -  3h  27m,  or  2h  25m. 

The  shortest  duration  is  at  the  equator,  when  the  sun  moves 
through  18°  in  lh  12m;  at  the  poles  it  continues  several  months. 

When  the  lat.  (of  the  same  name  with  the  dec).)  exceeds  thecompL 
of  18°  +  decl.,  the  sun  is  less  than  18°  below  the  horizon  at  midnight, 
or  twilight  lasts  all  night,  as  for  ex,  with  lat  58°  N.,  decL  21°  N. 


Lnt 

51  46 

sec.       0*2084 

P.D. 

77  45 
«47   3« 

cosec.    001 00 

73   45 

sine       9*9823 

55  45 

cosine  9*7504 

End 

9b28" 

sine  sq.  9*9511 

Bbo. 

2   3* 

VI.  Altitudes. 

1.  Correction  of  the  Observed  Altitudes. 

644.  The  corrections  necessary  to  reduce  an  altitude  observed 
from  the  sea-horizon  with  a  sextant  or  circle  to  the  true  altitude, 
consists  of  the  Index  Correction,  the  Dip,  the  Correction  of  Altitude 
(or  the  joint  effect  of  refraction  and  parallax,  No.  438,)  and,  in 
certain  cases,  the  Semidiameter. 


SUBORDINATE  COMPU?A  flONS. 
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When  one  of  the  instruments,  No.  522  or  523  is  used,  the  Dip  is 
omitted ;  the  constant  correction  should  be  applied  the  first  thing. 

645.  The  apparent  alt.  is  deduced  from  the  observed  alt.  by  ap- 
plying all  the  above  corrections  except  retraction  and  parallax. 

646.  When  the  altitude  is  less  than  10°,  the  mean  refraction  in 
Table  31  may  be  in  error  more  than  1',  and  should  be  corrected  by 
Tables  32  and  33  if  a  barometer  and  thermometer  are  at  hand.  For 
precision,  this  is  necessary  in  all  cases. 


[1.]  To  Correct  ike  Sun't  Altitude. 

647.  At  Sea.  Apply  the  Ind.  Corr. ;  subtract  the  dip  corre- 
sponding to  the  height  of  the  eye,  Table  30 ;  subtract  the  refraction 
for  this  alt.,  Table  31,  to  the  nearest  minute. 

When  the  lower  limb  is  observed,  add  16'  to  this  reduced  alt.; 
when  the  upper  limb  is  observed,  subtract  \& ;  the  result  it  the  true 
or  corrected  alt.  of  the  sun's  centre. 


Ex.  1.  Oba.  alt  of  Q  280  54',  ind. 
eorr.  +3',  height  of  the  eye  16  feet:  re- 
quired  True  Alt.  of  the  centre. 


Obc.  Alt. 
led.  Corr. 

Dip 

Refr.  (for  290) 

Semid.  (low.  /.) 
True  Alt. 


280  54' 
+  3 

28  57 
-4 

28  53 
—  2 

28  51 
+  16 

29  7 


Ex.  2.  Ob*,  alt.  of  0  420  1 1',  ind. 
corr.  —17',  height  of  the  eye  30  feet:  re- 
quired True  Alt.  of  the  centre. 


Obs.  Alt. 

420  11' 

Ind.  Corr. 

-  17 

4"    54 

Dip 

-  $ 

41   49 

Refr.  (for  420) 

Semid.  (upper  /.) 

41   48 
-  16 

True  Alt. 

41    32 

Ex.  3.     Obi.  alt.  0  io°  4',  ind.  corr.  «r  2',  height  of  eye  18  feet :  required  the  True  Alt» 
of  Sun't  centre.  True  Alt.  io°  13 


Ex.  4.     Oba.  alt.  0  420  1 1',  ind.  corr. 
Alt.  of  the  centre. 


- 17',  height  of  eye  30  feet :  required  the  True 
True  Alt.  410  32'. 


648.  In  the  open  sea,  where  an  error  of  %  or  3*  of  lat.,  and  a 
corresponding  error  of  long.,  are  of  no  great  consequence,  the  corr. 
of  alt.  for  the  sun  (when  the  lower  limb  is  observed),  may  be  taken 
from  Table  38,  in  which  it  is  given  to  the  nearest  minute. 

Ex.1. 


(Ex.  1  above.) 

Oba.  Alt  0  280  54 

Ind.  Corr.  ♦  3 

28   57 

Ht.  16  f.f  Alt.  290  Corr.      +  11 

True  Alt.    29     8 


(Ex.  3  above.) 
Obs.  Alt.  Q 
Ind.  Corr. 


Ex.  2. 

*?   4 

+2 

10     6 

Ht  18  f.,  Alt.  io°,  Corr.      +  7 

True  Alt.     10   13 


If  the  upper  limb  has  been  observed,  proceed  as  above,  ana 
deduct  32f. 

Ex.    Obi.  Alt.  0  88°  4c/,  Ht  of  Eye  30  f.,  Ind.  Corr.  —  5  ,  True  Alt.  88°  14'. 

649.  Accurately.  Apply  the  ind.  corr.  and  (at  sea)  the  dip; 
correct  the  refr.  by  Tables  32, 33 ;  take  the  semid.  and  parallax  from 
the  Nautical  Almanac;  and  subtract  the  parallax  in  alt.,  Table  34*. 

Minute  accuracy  in  alt.  at  sea  can  rarely  be  worth  tne  troubte 
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oestowed  opon  it,  from  the  uncertain  state  of  the  sea-horison.    The 
examples,  No.  651,  will  serve,  supplying  the  dip. 

660.  When  the  altitude  of  either  limb  of  the  sun  is  observed,  and 
the  altitude  of  the  other  limb  (which  will  appear  the  same  in  the 
instrument)  is  observed  from  the  opposite  point  of  the  horixou 
I  No.  535),  take  half  the  diff.  of  these  angles  and  add  to  it  the 
correction  of  alt. ;  the  sum  is  the  true  sen.  disk 


Ei.  1.     Obs.  Ah.  Q  S.  63°4o'ic/\ 
)N.  ii5°46'2o":  required  the  true  Zenith 


QN. 
& 


App.  Zen.  Dist 
Refr. 


115°  46'  10" 

*3  49  *o 

»)S'    57     o 

*S   5*   30 
♦  19 


True  Z.  Dist.    25  58  59  N. 


Ex.  2.     Obs.  Alt.  Q  N.  8i°  59'  C, 
I  S.  970  40'  30" x  required  the  tree  Zenith 


08. 
N. 


970  40'  yf 
81590 


*)'S  4'    30 

App.  Zen.  Dist       7  50  45 
Refr.  +  8 

Trub  Z.  Dist.    7  50  53  8. 


651.  On  Share.    When  the  alt.  is  observed  from  the  quicksilver, 
►ly  the  ind.  coir,  at  on< 
o.  649,  omitting  the  dip. 


apply  the  ind.  corr.  at  once;  halve  the  result,  and  proceed  at  in 


Ex.  1 .  Jan.  lit,  1 878,  alt  Q  in  the  quick- 

silver  1 70  14'  0%  ind.  corr.  —  4'  50',  bar. 

30*6  inch,  therm.  440 :  find  the  True  Alt 

Obs.  Alt.  Q   170  24'    o* 

Ind.  Corr.  —4   50 

6'    6#\  1)17    19    10 

5  *  39   35 


M.  Refr. 

Therm. 

Bar. 


+    7 


Par. 


6  18 
-  9 


Corr.  of  Alt  6 


Ei.3. 


*  Corr. of  Alt    —6     9 


9' 


Semid. 
True  Alt. 


8   33  26 
+  16    18 

8   49  44 


Ex.  2.  July  ist  1878,  ah.  06o°  u'40*. 

ind.  corr.   ♦  2'  35%    bar.  19*2,  therm.  760 1 

find  the  True  Alt 

Obs.  Alt.  0  6o°u'  40* 
Ind.  Corr.  4i   35 

1'  4!'A 
-  5 


M.  Refr. 

Therm. 

Bar. 


Par. 


-  3 

"   33 

-  7 


Corr.of  Alt  1   26  7 


2)60*415 
3°     7     7 


Corr.  of  Alt  -  t  26 
Semid.  —15  46 

Tkue  Alt.     29  49  55 


May  3d,  1878,  obs.  alt.  Q  in  the  quicksilver  1160  14' o#,  ind.  corr.  +  s'o*, 
bar.  292,  therm.  580 :  required  the  True  Altitude.  Tkub  Alt.  580  23'  2j#. 

Es.  4.    July  9th,   1878.  obs.  alt.  0  in  the  quicksilver  1200  17'  50',  ind.  cor.  -f  54% 
bar.  29  8,  therm.  6s° ;  required  the  True  Altitude.  True  Alt.  6o°  24'  39*. 


662.   At  Sea*     Apply  the  index  corr.;  subtract  the  dip  and 
refraction. 


Ex.  1.  Obs.  aH.  of  a  star  io°  28*,  ind. 
*s*r.  4-2%  height  of  eye  16  feet:  required 
the  True  Alt 

io°»r 

4-  2 

10  to 

Dip 4 -**•*•  5-         -9 

Taut  Alt.       to  21 


Ex.2.  Obs.  alt  of  a  star  46°  "M**. 
corr.  —3',  height  of  aye  16  feeti  leqsJrfu? 
the  True  Alt 

4$°  12 

Sub.  3',  4',  and  r*  I 

Tnui  Alt.    46    4 


Or,  having  corrected  for  index  error,  subtract  the  corr.  in  Table  38. 


SUBORDINATE  COMPUTATION*. 
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Ex.  3.  Obs.  «lt.  of  the  planet  Venus 
|o°  14',  ind.  oorr.  +  3',  height  of  eye  12  feet : 
required  the  True  Alt. 

J>bs.  Alt. 
Ind.  C jrr.  +  3'  1 
Table  3S,    -5  J 
True  Alt. 


30"  14' 

—2 


30   12 


Ex.  4.    Obs.  alt.  of  the  planet  Mam 

7 8°  57',  ind.  oorr.  +  7,  height  of  eye  30  foett 
required  the  True  Alt. 

Obe.  Alt. 
Ind.  Corr.  +/\ 
Table  38,    -5  } 
Tnus  Alt. 


7*°  57 

+  2 


7«  59 


653.  Accurately.  Proceed  as  for  the  sun,  No.  649,  omitting 
sernldiameter. 

A  star's  corr.  of  alt.  is  the  refraction  alone,  No.  438,  p.  147. 

For  a  planet,  find  the  lior.  par.  in  the  Nautical  Almanac;  find 
the  par.  in  alt.  corresponding,  in  Table  45,  and  deduct  it  from  the 
refraction. 


Ex.  1 .    Obs.  Alt  of  Sinus  in  the  quick - 
370  9'  35",  ind.  corr.  —7'  30",  bar. 
30*2.  therm.  420 :  required  the  True  Alt. 

*  Obs.  Alt.        37°    9' 35" 
Ind.  Corr.  —7  30 


2)37 

2 

5 

18 

V 

2 

M.  Refr. 

2'  S3" 

| 

Therm. 

+   3 

Bar. 

+    « 

—2 

57 

Corr.    - 

*  57  J 
x  Alt. 

I 

Tav 

18 

28 

5 

Ex.  3.  Dec.  11st,  1878,  obs.  alt.  Venus 
Hi  the  quicksilver  u6°48'4o'v  ind.  corr. 
-1-  1'  40',  bar.  298,  therm.  6i° :  required 
the  True  Alt. 

Venus'  H.P.,  p.  277,  NA.  $•-% 

Obs.  Alt.        ii6048'40# 
Ind.  Corr. 


M.  Refr.  o'  35*'9\ 
Tbenn.        — o  -9 
Bar.  — o  -i 


+  1   40 
2)116    15   20 
58   25   10 


Par. 


o   34  8 
—2  *6 


-o  32 


Corr.  of  Alt.  o   32  -2  j 

TkcxAlt.      58 


24  38 


Ex.  2.  Obs.  alt.  of  «  Polaris  in  the 
mercury  1020  38*  30",  ind.  corr.  + i'  30% 
therm.  620,  bar.  30  inch. 

*  Obs.  Alt.  1020  38*  30* 

Ind.  Corr.  4  1   30 


M.  Refr.  c/  46"-8 

Therm.       —i  'i 

Corr.        o  45  *6 

True  Alt. 


2)  102400 
51  20    • 

-o4« 

5«    »9  "4 


Ex.  4.  Feb.  6th,  1878.  obs.  alt.  Mart 
in  the  quicksilver,  41  °  49  30',  ind.  corr. 
+  1 '  2o'f  bar.  29*2,  therm.  580 :  required 
the  True  Alt. 

Mars'  H.P.,  p.  278,  N.A.  $'•$ 


Obs.  Alt. 
Ind.  Corr. 


M.  Refr.  2'  3i'-8 


Therm. 
Bar. 

Par. 
Corr.  of  Alt. 


4"  49  30" 
+  1  20 

2)41   5°  S° 
20  55  25 


True  Alt.       20  53    5 


[3.]  7b  Correct  the  Moon's  Altitude. 

654.  At  Sea.  Find  the  Green.  Date  roughly,  and  take  out  of 
the  Nautical  Almanac  the  hor.  par.  and  seiuid.  to  the  nearest  noon 
or  midnight 

Apply  the  ind.  corr.  to  the  alt.,  subtract  the  dip;  when  the  lower 
limb  is  observed,  add  the  semid. ;  when  the  upper  limb  is  observed, 
subtract  it ;  the  result  is  the  app.  alt.  of  the  centre. 

With  the  A.  alt.  and  hor.  par.  find,  in  Table  39,  the  moon's  corr. 
of  alt.,  which  add.  The  result  is  the  true  or  corrected  alt.  of  the 
moon's  centre,  approximately. 
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Ex.  1  .♦  May  13th,  1878,  long.  5^  W., 
at  8h4*m  p.m.,  oba.  alt.,  j^  37"  10,  ind. 
eorr.  +  3',  height  of  eye  14  feet :  required 
the  True  Alt. 

The  Gr.  Date  is  13th,  n»  io»,  H.P.  at 
midnight  60',  semid.  16'. 


Ind.  Corr. 
Dip 

Semid. 


+  3' 
-  4 
+  16 


370  a5\  H.P.  6c/ 
True  Alt. 


37°  «C 
+  »5 

37  *5 
+  46 

38  11 


Ex.  2.  Sept  1 8th,  1878,  long.  160°  R., 
at  ih  a.m.,  obs  alt  "j"  6i°  20',  height  erf 
eve  16  feet,  ind.  corr.  —  3':  ind  the  Tnaa 
Alt. 

The  Gr.  Date  l^th,  3*  io",  H.P.  at 
noon,  55.  semid.  15  . 


Ind.  Corr.     -  3' 
Dip  -  4 

Semid-  —15 


«i°  o',  H.P.  55' 
Trur  Alt. 


6i°so' 


60  58 
♦  16 

61  14 


Ex.  3.   Jan.  3d,  1878,  long.  1590  E.,  at  9*  10*  p.m    J^  850  42',  height  of  eye  20  feet, 


tad.  corr.  ■•■  3' 


Truk  Alt.  86j  i'. 


Ex.  4.  July  5th,  1878,  long.  1720  W.,  at  3*  A.K*  /  140  28*,  ind.  corr.  o',  height  of  eye 
18  feet  True  Alt.  15°  1'. 

655.  Accurately.  (1.)  Reduce  the  hor.  par.  to  the  Gr.  Date,  and 
find  the  semid.  Table  40.  Reduce  the  par.  by  Table  41,  and  augment 
the  semid.  Table  42. 

(2.)  Take  out  the  refraction  for  the  limb  observed,  correct  it  for 
baroin.  and  therm. ;  subtract  this  corrected  refraction  from  the  alt. 
and  Apply  the  augmented  semidiameter. 

(3.)  To  the  log.  sec  of  the  alt  thus  reduced  add  the  prop.  log. 
of  the  reduced  hor.  parallax;  the  sum  is  the  prop.  log.  of  the  parallax 
in  alt  This  par.  added  to  the  reduced  alt  gives  the  true  alt  of  the 
centre. 

As,  however,  the  degree  of  precision  obtained  by  these  precept* 
will  rarely  be  required,  we  shall,  in  the  following  example,  employ 
Table  39. 

Ex.  1.  July  30th,  1878.  lat.  420  S.,  long.  420  13'  WM  at  5h  24*  38*  M.T.  obs.  alt  _J 
36°  39'  50*,  ind.  corr.  +i'  17',  height  of  eye  22  feet;  therm.  720,  bar.  29*1  :  required  the 
True  Alt. 


rj.be  Gr.  Date,  30th,  6*  13"  30^ 


H.P.  30th,  Noon 
30th,  Midu. 
10-hourly  Var. 
8k  14-,  var.  io"-6 

Equat  H.P. 
Red.  for  Lat 
Red.  HP. 

ourretp.  to  50/58' 
Augment 
Aug.  Semid. 


59'  55*° 
60     6  -z 

~+  10  -6 

+  7  •* 

59  55  * 

60  f   8 
-5  » 

59   5"  $ 
16'  zt 
10 
16  31 


Oba.  Alt  360  39'  50* 

Ind.  Corr.    +2'i7"\  .  lt 

Dip.  -4  30  r !J3 

36   37  37 
Aug.  Semid.  +  16  31 

36   54    « 
360  50'  and  59'        45    56 

♦  ""  * 

58*  +47 

46  41 

Tb#»nn.  7a°,««6.  3""l 

Uar.  29*1       tub,  *  J  _      * 

46  46    4  46  46 
True  Alt.  37  40  54 


656.  When  the  moon  is  referred  to  the  opposite  point  of  the 
horizon,  No.  535,  half  the  diff.  of  the  alt.  and  its  supplement  is  the 
zenith  distance  of  the  illuminated  limb,  to  which  the  augmented 

*  The  exam  flea  being  giren  merely  in  illustration  of  the  rakf ,  no  reinrd  hns  been  paid 
to  the  riaibility  «f  the  oioon  at  the  time  and  place  specified. 
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seraid.  fa  to  be  applied  the  contrary  way  to  that  directed  for  the  alt. 
In  certain  cases  both  limbs  can  thus  be  observed,  No.  640,  and  the 
seniidiametcr  avoided. 

2.  To  Reduce  the  True  to  the  Apparent  Altitude. 

f  1.]  For  the  Sun,  a  Star,  or  a  Planet. 

657.  Take  out  the  refraction  to  the  true  alt.  as  if  for  the  app. 
alt.,  correcting  it,  when  necessary,  for  the  barom.  and  therm. ;  sub- 
tract the  parallax  in  alt,  add  the  remainder  to  the  true  alt.,  and 
subtract  the  correction  in  Table  43. 

[2.]  For  the  Moon. 

658.  Find  her  coir,  of  alt.  for  the  true  alt.,  as  if  for  the  app.  altf 
and  apply  the  corr.,  Table  44. 

Ex.      >  '•  Hot.  Par.  59',  Tree  Alt        480  41'  12" 

Corr.  Table  44,      -  28  J  *8   34 

App.  Alt.      48     2  38 

659.  To  reduce  the  app.  alt.  to  the  observed  alt.  for  a  particular 
instrument  and  given  height  of  the  eye,  apply  the  ind.  corr.  the 
opposite  way,  and  add  the  dip. 

3.  Reduction  of  Two  Altitudes  to  an  Intermediate  Point  of  lime. 

660.  Two  altitudes  observed  at  periods  of  time  not  distant,  afford, 
by  simple  p/oportion,  the  altitude  at  an  intermediate  time. 

(1.)  Find  the  interval  between  the  time  of  the  1st  alt.  and  the 
time  proposed,  and  call  it  the  partial  interval. 

(2.)  To  the  prop.  log.  of  the  partial  interval  add  the  ar.  co.  prop. 
Jog.  of  the  whole  interval,  and  the  prop.  log.  of  the  diff.  of  alts. ;  the 
sum  is  the  prop.  log.  of  the  change  of  alt.  in  the  partial  interval. 

(3.)  When  the  1st  alt.  is  the  lesser,  add  this  change;  when  it  is 
the  greater,  subtract  the  change. 

Ex.  1.    At  ic*  1 8"  4*  by  watch,  oba.  an  alt  540  56';  at  ioh  29"  n«  obs.  a  second  nh. 
$f  12' :  required  the  Alt.  at  ioh  23*  6s. 

Alt   54°  5^         time  ioh  18"  4M  »    .  1 

10  23     6  }  *    *•  F-  >og-  «-553 

5$    12                  10  29   11  )  11    7  ar.  co.  p.  log.  8*791 

Diff.         16 pr.  log.  1*051 

Change  of  Alt  7'  pr.  log.  1*395 

54  56 

Alt.  req.     55  3 

Bi.  2.    At  i2h  57n  24*  by  watch,  obs.  an  alt  390  2';  and  at  i11  8n  18*  obs.  a  second  alt 
j6°42  :  required  the  Alt  at  ih  im  29^.  Change  of  Alt  — o°  53',  and  Alt.  req.  380  9'. 

Ei.  3.     At  ch  58"  36*  by  watch,  obs.  an  alt.  470  33',  and  at  ib  5"  47%  obs.  a  second  alt 
479  52'  1  required  the  Alt  at  ib  i"  29*.  Change  of  Alt  •*  8',  and  Alt.  req.  470  41'. 

The  altitude  thus  deduced  differs  from  the  true  alt.  by  a  propor- 
tional part  of  the  2d  diff,  of  alt.  upon  the  interval,  No.  558.     The 
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method  serves  very  well  when  the  azimnth  is  large,  or  the  object 
60^  or  more  from  the  meridian,  or  less  if  the  interval  be  small ;  but 
in  cases  near  the  meridian  the  result  will  be  sensibly  in  error,  unless 
the  interval  is  very  small.  The  error  arising  from  the  neglect  of  the 
2d  diff.  will  be  less  as  the  intermediate  time  is  nearer  to  the  beginu  ng 
or  end  of  the  interval* 

4.  Reduction  of  an  Altitude  to  another  Place  of  Observation. 

661.  The  run  of  the  ship  in  the  interval  between  the  taking  of 
the  two  altitudes  which  constitute  certain  observations,  renders  it 
necessary  to  reduce  one  to  the  place  of  the  other. 

When  the  ship  approaches  the  sun  directly  she  raises  him  1  for 
each  mile  of  distance  made  good.  When  the  sun  bears  obliquely 
(as  for  ex.  3  points)  from  the  course  made  good,  if  we  consider  the 
angle  between  this  last  course  and  the  sun's  bearing  (or  3  points)  as 
a  course,  the  space  by  which  the  ship  approaches  the  sun  is  the  D. 
Lat.  corresponding  to  her  Dist.  made  good.* 

When  the  sun's  bearing  is  at  right  angles  to  the  course  made 
good,  the  ship  neither  approaches  nor  recedes  from  him  ;  when  the 
bearing  is  abaft  this  line,  she  drops  the  sun. 

When  it  is  required  to  reduce  an  alt.  observed  at  1  o'clock  (for 
ex.)  to  what  it  would  have  been  if  observed  at  the  place  where  the 
ship  is  at  2  o'clock,  the  ship  having  approached  the  sun,  we  have 
merely  to  add  to  the  alt.  observed  at  1  o'clock  the  portion  of  space 
or  arc  by  which  the  ship  would  have  raised  the  sun  in  lh,  if  he  had 
preserved  his  bearing  at  1  o'clock  unaltered.  Hence  the  following 
rules. 

To  reduce  the  1st  alt.  to  the  second  place  of  observation. 

(1.)  Take  the  diff.  between  the  bearing  of  the  body  at  the  first 
observation  and  the  ship's  course,  as  a  Course,  and  the  dist.  run  as  a 
Distance ;  the  D.  Lat.  corresponding  is  the  reduction  for  run. 

(2.)  When  this  course  is  less  than  90°  or  8  points,  add  the  red. 
to  the  first  alt. ;  when  the  said  course  exceeds  90^  or  8  points,  sub- 
tract the  red. ;  the  result  is  the  alt.  reduced  to  what  it  would  have 
been  if  observed  at  the  second  place  of  the  spectator. 

If  the  ship  does  not  preserve  the  same  course,  the  course  made 
good  must  be  employed. 

As  it  is  difference  only  of  bearing  or  azimnth  that  enters  into 
this  question,  the  variation  (supposed  the  same  at  both  observa- 
tions) is  not  considered;  bnt  if  the  ship's  coarse  changes,  the 
deviation  should  be  attended  to. 

Ex.  1.  Observed  the  sunV  alt.,  the  tun  bearing  S.E.  by  E.  J  E.  the  coarse  E.  by 
N.  i  N.  (by  compass).  Sailed  for  ik  15"  at  the  rate  of  7  J  knots  :  required  the  Redaction 
•f  the  Alt.  for  Run. 

From  S.E.  by  E.  }  E.  to  E.  i<  t\  pts. ;  from  E.  to  E.  by  N.  }  N.  is  ij  pts.  The 
course  4)  points,  and  dist  9/4,  give  D.  Lat  6'* 3  the  Reduction  to  be  added  to  the  Alt 

•  As  the  distance  is  described  upon  a  spherical  surface,  in  st»  ictness  a  correction  is  neces- 
sary j  also  the  dist.  made  jrood  on  the  spiral  rhumb  should  he  reduced  to  that  on  a  grvat 
circle  \  but  these  rchnemeuts  aie  generally  iucon«iatent  with  the  rude  data  of  the  queUio*, 
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E&.  2.  Sun  South,  alt  5 5°  30'* 5,  course  E.  by  N.,  rate  6*8  knots,  interval  n" 1  reduce 
the  AIL  for  the  Ron. 

The  suppt  of  9  pts.,  or  7  pts.,  and  dist  1*4,  give  D.  Lat.  0*27,  or  o'«3,  which  eubtracted 
from  550  30' * 5,  gives  550  3o'*af  the  Alt.  required. 

Ex.  3.  Obs.  sun's  alt,  snn  bearing  RE.  |  E.,  course  N.W.  4  N  ,  sailed  for  36-  10s  at 
the  rate  >f  10*2  knots :  required  the  Reduction  for  Run.  The  Reduction  is  o'-o, 

Ex.  4.  Obs.  a  star's  alt.  370  18  40",  bearing  S.E.  by  E.  4  E.v  course  N.W.  by  W.  4  W., 
rate  5*8  knots,  interral  2h  24* :  reduce  the  Alt  for  Run. 

The  Reduction  is  13'*q  to  emb. ;  the  Alt.  370  +'•%. 

When  the  course  at  the  1st  observation  is  directly  towards  the 
sun,  the  dist.  run  in  the  interval  is  the  correction,  and  is  to  be  added 
to  the  1st  alt. ;  when  directly  from  the  sun,  to  be  subtracted. 

ffix.  Obs.  sun's  alt  29°  7'  30",  bearing  E.S.E.,  course  E.S.E.,  rate  5*4  knots, 
interval  3*  6" :  reduce  the  Alt  for  Run. 

The  Reduction  is  i6'*7  to  add;  the  Alt.  29°  24**2. 

662.  To  reduce  the  2d  alt.  to  the  first  place  of  observation. 
Take  the  bearing  at  the  last  observation ;  find  the  reduction  of 

the  alt.  as  above,  and  apply  it  to  the  2d  alt.  the  contrary  way  to  that 
directed  in  (2)  above. 

Ex.  1.  Observed  the  sun's  alt.,  sailed  S.S.W.  for  48"  at  the  rate  of  34  knots,  when  the 
td  alt.  was  taken,  the  sun  bearing  W.S.W. :  required  the  Correction  of  the  Alt.  for  Run. 

From  S.S.W.  to  W.S.W.  is  4  pts.  The  course  4  pts.,  and  Dist.  2'8,  give  the  D.  Lat. 
2*0  to  be  eubtracted  from  the  2d  Alt 

Ex.  2.  Course  N.W.  by  N.,  observed  the  sun's  alt.  After  sailing  for  ib  36"  at  8*2  knots, 
observed  the  2d  alt  390  44',  the  sun  bearing  E.S.E. 

Prom  N.W.  by  N.  to  E.S.E.  is  13  pts. ;  then  the  course  3  pts.,  and  Dist.  13*1,  give 
D.  Lat  10*9,  which  added  to  390  44'  gives  390  54'* 9,  the  Alt  reduced. 

When  the  course  at  the  2d  observation  is  directly  towards  the 
sun,  the  dist.  run  is  the  correction,  and  is  to  be  subtracted  from  the 
second  alt. ;  when  directly  from  the  sun,  it  is  to  be  added. 

6.  To  find  the  Altitude. 
[1.]  On  the  Meridian. 

663.  For  the  sun,  the  moon,  or  a  planet,  find  the  time  of  Mer. 
Pass.,  No.  623,  &c,  and  reduce  the  declin.,  No.  579,  &c.  Find  the 
colat.  When  the  lat.  and  decl.  are  of  the  same  name  take  the  sum 
of  the  colat.  and  decl. ;  when  of  different  names,  their  diff. ;  the 
result  is  the  mer.  alt.     If  the  sum  exceeds  90°  take  its  complement. 

Below  the  Pole.  Find  the  pol.  dist.,  and  subtract  it  from  the 
latitude. 

[2.]  On  the  Prime  Vertical. 

664.  By  Inspection.     See  Table  29,  and  Explan.  of  Table  5. 

665.  By  Computation.  (1.)  Find  the  approx.  time  of  Passage, 
No.  630;  to  this  reduce  the  declin.,  in  the  case  of  the  sun,  moon,  or 
a  planet 

(2.)  Add  together  the  log.  sine  ot  the  declin.,  and  the  log.  cosec. 
of  the  lat  ;  the  sum  is  the  log.  sine  of  the  true  alt.  required. 
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Ei.  1.   J«>  •**.  i«7«.  «*  5»°  4*  N, 

long.  4°  56'  W. :  find  the  Son's  Alt.  on  the 
Prime  Vertical,  W. 


Table  29,  Lit.  520,  DecL  220,  \ 
Hour-angle,  or  App.  Tune  ) 
Long.  4P  5*'  W. 

Green.  Date  nth, 
e  DecL  nth, 
13th, 

Daily  Var. 

Daily  Var.  8*  and  5*  gires 
Red.  D<-d.  U210  56' 
DecL  n°  56' 
Utt.    51   48 
Alt.  18   23 


4*46- 

50  N. 
9 


21 


9*57*™ 
o'ioj.66 

tine      9*67698 


Ei.t   Ut.  5o°4rN  •  find  the  Alt  of 
;  Lttk  on  the  Prime  Vert  *L 


DecL  38°4o' 
Lat  50  48 
Alt.   53  44 


sine      9*79571 
coccc    01 1073 

BUM       990646 


Ex  3.   Lat.  460  14  N. :  find  the  Alt  d 
Capella  on  the  Prime  Vertical. 

DecL  450  52'  trine  9*85596 
Lat.  46  14  coeec  0*14136 
Alt.  83   38      sine     9*9973* 


[3.]  T*JbU  the  AUitnde,  th*  Bomr**fU  ktmj  r—- 

666.  By  Inspection.    See  Explan.  of  Table  5. 

667.  By  Computation.  Having  (in  the  case  of  the  sun,  moon,  or 
planet)  found  the  Gr.  Date  and  the  declination. 

Take  the  sappl.  of  the  hour-angle  to  12* ;  add  together  the  pol. 
disk  and  col  at. 

Add  together  the  log.  sine  square  of  the  sappl.  of  the  hoar-angle, 
and  the  log.  sines  of  the  pol.  dist.  and  colat. ;  the  sum  (rejecting 
tens)  is  the  log.  sine  square  of  an  auxiliary  arc  x 

Write  x  under  the  sum  of  the  pol.  dist.  and  colat.  and  take  the 
sum  and  diff ,  and  half  the  sum  and  half  the  ditf. 

Add  together  the  log.  sines  of  the  last  two  terms;  the  sum 
(rejecting  tens)  is  the  log.  sine  square  of  the  zen.  dist. 

Ex.  1.     Lat.  220  iYN.,  decL  20  49' S.,  hour-angle  ifc  14"  36*1  required  the  Alt. 
(vjrking  to  the  nearest  minute). 


Hour-angle 

2»  14"  36* 

Suppl. 

9   45    *4 

sin.  sq 

9*96200 

P.  Dist 
Colat. 

9*    49' 
67    45 

sine 
sine 

9*99947 
9-96639 

Sum 

160    34 
"33    57 

sin.  sq. 

Arc* 

992786 

Sum 
Diff. 

*94    3' 
26    37 

*8. 
*D. 

>47    « 5 
13     18 

sine 
sine 

9*733«* 
9*36182 

Zen 

.  Dist.  41° 
Alt.  48 

■9' 
4> 

sin.  sq. 

9*09500 

Ex.  2.    Lat  350  15*  N.t  decl.  200  o'  N.,  hour-angle  4**  53"  19*.    Alt.  94°  41** 
Ex.  3.    Lat  190  20'  S.t  ded.  190  20'  S.,  hour-angle  ih  i8M  10s.    Alt.  71°  35'. 

When  the  lat.  is  0,  we  may  use  either  N.  or  S.  pol.  dist  When 
the  declin.  is  0,  the  pol.  dist.  is  90°.  When  both  lat.  and  declin.  are 
0.  the  z.  <J.  is  the  hour-angle  converted  into  arc. 

Ex.  1.    Lat  o,  decl.  230  27^.,  hour-angle  4*"  30"  14*.    Alt.  io°  jo'. 
Es  %     Lat  3oc  o  N.,  dedL  o,  hour-angle  3*  38"  3c*     Alt.  30°  *% 
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{4.]  To  find  the  Altitude,  the  Ashnuth  being  j 

668.  Add  together  the  log.  sine  of  the  azim.,  the  log.  cosine  of 
tlie  lat.,  and  the  log.  sec.  of  the  decl. ;  the  sum  (rejecting  tens)  is  the 
log.  sine  of  an  angle  A  (see  note  to  No.  616),  p.  222. 

Under  A  put  the  azim.  reckoned  from  the  elevated  pole ;  take 
half  the  sum  and  half  the  diff. 

Take  half  the  sum  of  the  pol.  dist.  and  colat. 

Add  together  the  log.  tan.  of  this  half  sum,  the  log.  cos.  of  the 
half  sum  of  th :  azim.  and  A,  and  the  log.  sec.  of  their  half  diff.;  the 
sum  (rejecting  tens)  is  the  log.  tan.  of  half  the  zen.  dist. 

Ex.    Lat.  510  30'  N.,  dccL  200  2'  N.f  azimuth  S.  690  39'  W.f  that  i1N.no0  21'  W.i 
rrquired  the  Alt. 


A*.     690  39' 
Lat.   51    30 

sin. 
cos. 

9-97201 
9#794«5 

Colat. 
P.  Dist 

3«°  30 
69   58 

Decl.  20     2 

sec. 

0*027  it 

Sua 

108  28,    \  S.    540  14 

tan.  0*14246 

A  -3»°  *f 
Az.     110   21 

t  sin. 

9-79327 

74  *3 
35   5« 

cos.  9«43°°7 
sec.   009186 

8am  148  46, 
Oiff.     71    56, 

|S. 

74°  *3' 
35   5* 

*4°4/ 

2 

Zen.  Dist.  49  34 
Alt.   40  26 

tan.  9 '66439 

For  other  Examples  referee  those  in  No.  674. 

6    To  find  the  Cluing  e  of  Altitude  in  a  Small  Interval  of  Time. 
[I.]  The  Hour-angle  and  Altitude  being  given* 

669.  (1.)  When  the  body  is  to  the  E.  of  the  meridian,  subtract 
half  the  interval  from  the  hour-angle;  when  to  the  W.  of  the  meridian, 
add  half  the  interval:  call  the  result  the  reduced  hour-angle. 

(2.)  Add  together  the  log.  cosines  of  the  lat.  and  declin.,  the  log. 
sine  of  the  red.  hour-angle,  the  log.  sec.  of  the  alt.  and  the  log.  sine 
of  the  interval ;  the  sum  (rejecting  tens)  is  the  log.  sine  of  the  change 
of  alt* 

(3.)  When  the  body  is  to  the  E.  of  the  meridian,  add  this  change 
to  the  alt.;  when  to  the  W ., subtract  it:  the  result  is  the  alt.  required. 

Ex.  2.  Lat.  510  30*,  decl.  220  20',  tru* 
alt  440  47'  36",  hour-angle  3h  o«  o*  to  the 
W. :  find  the  Alt.  20*"  afterwards. 


Ex.  1.     Lat.  510  30',  decl.  22°2o',  true 

alt  440  4/  36",  hour-angle  %h  om  o*  to  the 

E.  of  the  meridian :   required  the  Alt.  iom 

afomrards. 

Hour-angle   3h  o^o- E.  lat.  cos.    9*7942 

Half-int         —  5   o        decL  cos.  9*9661 

sine  9*8398 

see.  o*  1490 

int  sin.    8  6397 

Chang*    1   24     1        sin.  8*3888 

Alt.    46    n   37 

The    true   alt    is  46°  12'  48",  or  the 
process  is  here  1'  n"  in  defect. 


Red.H.ang.  2   55   o 
44°  47' 36" 


3b    o«uo*W. 

+  10    0 

3    10    0 

44v  4/  36' 

2    59   20 

lat.  cos.  9*7942 
decL  cos.  9*9661 
sine  9*8676 

sec.  0*1490 

int  sine 


sin. 


^9403 
8717* 


Alt.  41  48    16 

The  true  alt.  is  410  52  24",  or  the  error 
is  4**  %''  in  consequence  of  the  length  of  the 
interval. 


*  The  prop.  logs,  may  he  used  for  the  sines  of  the  small  arc  and  the  interval,  provided 
that  the  arithmetical  complements  of  all  the  other  quantities  be  employed,  and  the  const 
8*8239  added.  The  proper  logarithm  for  the  purpose  is  the  log.  of  the  small  arc  or  the 
mtenral  in  seconds  of  arc  (").  The  inaccuracy  attending  the  use  of  the  sine,  instead  of  its 
arc,  in  these  computations  is  insensible,  as  the  sine  of  i°  falls  short  of  its  arc  by  only  o"*a, 
the  sum  of  20  by  i"'5,  and  that  of  30  by  2^*9,  or  0**19  °f tiro* 
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The  method  is  more  accurate  as  the  object  is  more  nearly  E. 
or  W. 

The  proper  alt.  to  employ  in  this  computation  is  the  middle  alt. 
between  those  at  the  beginning  and  end  of  the  interval ;  for  greater 
accuracy,  therefore,  the  work  should  be  repeated  with  a  new  alt,  thus 
deduced. 

[2.]  The  Azimuth  being  give*. 

670.  By  Inspection.  Multiply  the  change  of  alt.  in  1"  of  time, 
Table  46,  by  the  interval,  both  being  in  min.  and  decimals. 

Ex.     Lat.  $i°t  azim.  72° :  find  the  change  in  Alt  in  3"  12*. 

The  change  of  alt.  in  i"  is  about  8'*  7,  which  multiplied  by  3*2  gives  28%  the  Changs 
required. 

671.  By  Computation.  Add  together  the  log.  sine  of  the  azimuth 
(reckoned  either  from  N.  or  S.),  the  log.  cos.  of  the  lat.,  and  the  log. 
sine  of  the  interval  of  time;  the  sum  (rejecting  tens)  is  the  log.  sine 
of  the  change  of  altitude. 

It  is  more  correct  to  use  the  azimuth  corresponding  to  the  middle 
of  the  interval  of  time.* 

Ex.    Lat.  51°  49',  asimuth  of  Arcturut  72°  2  find  the  change  of  Alt  in  3*  12%  and  also 
fax"  51'. 


Ax.     720  tine  9*9782 

Lat.    $i   49*  cos.  9*7911 

Int.     3"  i2g  trine  8*1450 

Change  req.  28*  13"  tine  7*9143 


9*9782 

9791 1 

Int.  2"  51*  80946 

Change  req.  25*  8"    tine  7**639 


672.  All  bodies  on  the  same  or  opposite  azimuths  change  their 
altitudes  at  the  same  rate,  whatever  be  their  declinations. 


VII.  Azimuths. 
1.   To  find  the  Azimuth,  the  Altitude  being  given. 

673.  By  Inspection.     See  Explanation  of  Table  5. 

674.  By  Computation.  Add  together  the  pol.  dist.,  the  lat.,  and 
the  alt.,  take  half  tin  sum,f  and  take  the  diff.  between  this  half  sum 
and  the  pol.  dist. 

Add  together  the  log.  sec.  of  the  lat.,  the  log.  sec.  of  the  alt.,  the 
log.  cosines  of  the  half  sum  and  remainder;  the  sum  (rejecting  tens) 
is  the  log.  sine  square  of  the  azimuth,]:  to  be  reckoned  from  the  8. 
in  N.  lat.,  and  from  the  N.  in  S.  lat. 

*  The  above  rales,  Nog.  669,  &c,  relate  to  the  change  of  the  true  altitude.  To  compart 
the  change  of  alt  as  shewn  by  an  instrument  with  the  true  difference,  in  a  given  interval  of 
time,  a  small  correction  would,  in  general,  be  necessary,  on  account  of  the  change  of  refract!  ** 
and  in  the  case  of  the  moon,  for  the  change  also  in  her  parallax  in  altitude. 

f  The  learner  will  observe  that  in  this  formula  the  pol.  dist.,  lat.v  and  alt,  occur  in  the 
rmtrte  order  of  that  in  No.  614,  in  which  last  their  initials  form  the  word  tip.  The  2d  and 
8d  terms  take  secants ;  the  last  two,  cosines. 

%  The  angle  obtained  is  the  tupylement  of  the  eagle  P  Z  A  in  fig.  1,  p.  162 
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Ft.!.    Lat.  ji°3o'N.talt.4o°2  5/tothe 
if  .,  «!«uj.  lo9  2'  N. :  required  the  Azimuth. 

Ex.2.    Ut.4o°8'8. 
3  8°  1 1'  to  the  Eastward  : 

tVcl.  iiwo'N.laa\ 
required  the  Asm. 

Wot  Dist  690  58' 
Lat           $f    30 

AH.            40  25 

tec.  0*20585 
•ec.  0*11842 

P  Dist  ioi°    0' 
Lai.         40     8 
Alt.          38    11 

fee.   0*1154 
fee.  0*1046 

161    53 

179    19 

80    S6| 
10   58} 

AZIMUTH,  S.  690  39'  W. 

cot.  9*  197 1  j 

cot.  9*79198 

•in.  tq.  9-51336 

89   39* 

II     20| 

Azimuth,  N.  i  i°  19'  E 

cof.  7*7755 

«>s*  9'99'4 

.  sin.  tq.  7*9881 

When  the  lat.  is  0,  if  the  declin.  is  N.  the  azimuth  is  to  be 
reckoned  from  the  south;  if  it  is  S.  from  the  north. 

When  the  declin.  is  0,  the  azimuth  is  reckoned  from  the  N.  in  S. 
Jat.,  and  from  the  S.  in  N.  lat. 

Ei.  1.    Lat.  o°,  decL  230  27'  S.,  alt  410  1'  W.    Asm.  N.  1210  50'  WM  or  S.  580  10'  W, 
Ex.  2.    Lat.  ii°  12'  N.f  decL  oc,  alt  540  30',  to  the  East     Azim.  S.  730  53'  E. 

When  both  the  lat.  and  decl.  are  0,  the  object  moves  on  the  prima 
vertical. 

2.   To  find  the  Azimuth,  the  Hour-angle  being  given. 

675.  (1.)  Take  half  the  sum  of  the  pol.  dist.  and  colat.,  and  half 
the  difference. 

(2.)  Add  together  the  log.  cot.  of  half  the  hour-angle,  the  log.  sec. 
of  the  half  sum,  and  log.  cos.  of  the  half  diff.:  the  sum  (rejecting  tens) 
is  the  log.  tan.  of  half  the  sum  of  the  azimuth  and  another  angle  A. 

When  the  half  sum  of  the  pol.  dist.  and  colat.  exceeds  90°,  take 
the  suppl.  of  the  resulting  arc  for  the  half  sum  required. 

To  the  log.  cot.  already  employed  add  the  log.  cosec.  of  the  half 
■urn.  and  the  log.  sine  of  the  naif  diff. ;  the  sum  (rejecting  tens)  is 
the  log.  tan.  of  half  the  diff.  of  the  same  two  angles. 

(3.)  The  sum  of  the  resulting  half  sum  and  half  diff.  is  the  greater 
of  the  said  two  angles ;  the  difference  is  the  lesser. 

When  the  pol.  dist.  exceeds  the  colat.  the  greater  of  the  two 
angles  is  the  azimuth  required;  when  the  pol.  dist.  is  less  than  the 
colat.,  the  lesser  of  the  angles  is  the  azimuth  required 

Ex.  1.    Lat  100  20'  N.v  decl.  220 14'  S.,  hour-angle  i*»  44*  i;«  W. :  required  the  Asimtk. 
H.  Angle  i*  44*"  17* 


Half 

0    52     8 

cot  0*63548 

cot     3#6354* 

P  Dist. 

112°  14' 

Colat 

79  40 

Sam 

>9-    54 

Diff. 

3»   34 

It 

95   57 

tec  0*98439 

cosec  0*0023$ 

16   17 

cos.  0*98222 

sin.     9-44776 

88° 

34' 

tan.   1  '60209 

5o° 

37'  tan.  0*08559 

9» 

16 

(suppl.) 

5o 

37 

N.  142     3  W.  Azimuth  (p.  dist  exceeds  col.) 
Diff.  40  49  the  other  Angle,  or  A. 

*f .  t.     Lat.  47°  1 1'  S.,  decL  1 1°  itf  S.,  hour-angle  5*  1 1"  ao* :  the  Azimuth  910  4',  tf* 
e,  or  A,  430  52'. 


St.  &     Ut.  130  51'  N.,  decl.  460  8*  N.f  hour  angle  ih  %i*  1 1»  E.  of  Mer. 

A»im.  33°  4*4  * 
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3.  To  find  the  Azimuth,  the  Hour-angle  and  Altitude  being  given. 

676.  Add  together  the  log.  sine  of  the  pol.  dist.  (or  log.  cos.  of 
the  declin.),  the  log.  sine  of  the  hour-angle,  and  the  log.  sec.  of 
the  alt. ;  the  sum  rejecting  tens  is  the  log.  sine  of  the  azimuth. 

Ex.  1.  Hour-angle  i>  19™  19*,  alt. 
S%°  40',  pol.  dist.  1 04°  24'  •  required  the 
Azimuth. 

Pol.  Dist.  sin.         9*9861 

Hour-angle  sine      9*5305 

Alt.  sec  0-1840 


Ex.  2.  Hour-angle  oh  46"  39s,  alt. 
630  o',  decl.  140  24*  (N.  or  S.) :  required 
the  Azimuth. 


Decl.  cos.  9*9861 

-   Hour-angle  sin.       9*3057 

Alt.  sec  0*3430 

Azim.  250  33'     sin.  9*6348 


Azim.  390  11*      sin.  9-8006 

This  method  cannot  shew  whether  the  hody  is  to  the  N.  or  8.  of 
the  prime  vertical ;  for  this  purpose  see  No.  673,  &e. 

4.    To  find  the  Azimuth,  not  far  from  the  Meridian,  by  the  observed 
change  of  Altitude  in  a  small  Interval  of  Time. 

677.  By  Inspection.  Divide  the  given  change  of  alt.  by  the 
interval,  in  niiu.  and  decimals;  the  quotient  is  the  change  of  alt. 
in  \m. 

With  this  change  and  the  lat.  enter  Table  46,  and  take  out  the 
azimuth,  which  corresponds  approximately  to  the  middle  of  the 
interval. 

Ex.     Lat.  350 ;  the  change  of  alt  in  %om  12'  is  59' :  find  the  Azimuth. 

59  difided  by  20*2  gives  2*9,  the  change  of  alt  in  iM,  which  gives  the  Azim.  about  140. 

678.  By  Computation.  Add  together  the  log.  sine  of  the  change 
of  alt.,  the  log.  cosec.  of  the  interval,  and  the  log.  sec.  of  the  lat. ;  the 
turn  is  the  log.  sine  of  the  azimuth  about  the  middle  of  the  interval. 

Ex.  1.     Lat  5 1°  26' ;  in  5"  20*  observed 
12'  change  of  alt :  required  the  Azimuth. 

D.Alt  22'  sine    7-8061 

Int.  5"  20s  cosec  1*6332 

fat  5 1°  26'  sec.     0*2052 

Azim.  260  io'  sine     9*6445 

At  about  3m  after  the  1st  observation. 

679.  This  method  will  sometimes  be  useful,  as  for  determining 
the  variation,  but  it  must  be  employed  with  caution;  the  interval 
should  not  be  very  small,  the  body- should  not  be  far  from  the  meri- 
dian, and  both  alts,  must  of  course  be  observed  on  the  same  side. 

The  degree  of  dependance  is  easily  estimated  by  changing  the 
diff.  of  alts,  by  the  amount  of  probable  error,  as  about  1'  or  2^: 
Thus,  1'  error  of  diff.  alts,  produces  in  Ex.  1  an  error  of  l°tj,  while 
in  E*.  2  it  produces  an  srror  of  only  14'.  * 

*  The  work  of  finding  the  Azimuth  is  much  lessened  by  the  use  of  suitable  tables. 
Burdwood  and  Davis's  Azimuth  tables  and  Srar  Azimuth  tables  extend  from  the  equator 
to  6o°  latitude,  aud  are  published  in  a  convenient  form  by  J.  D.  Potter,  145  Mi  none*, 
London,  E.  Such  tables  are  indispensable  for  the  navigation  of  iron  shijs.  &*also 
Leckv 's  "  Wrinkles,"  for  stars. 


Bi.  2.     Lat.  340  40';  in  20"  n«  obstmred 
59'  6"  change  of  alt. :  .required  the  Azimuth* 

D.Alt  59*6"  sine     8*2353 

Int  zom  ia#  cosec.  1*0554 

Lat.  340  40'  sec.     0*0849 

Azim.  i3°44'  sine     9*3756 

At  about  10™  after  the  1st  observation. 


CHAPTER  V. 

Finding  the  Latitude. 

1.  Jtr  tub  Mkridian  Altitude.  II.  By  the  Reduction  to  thx 
Meridian.  III.  By  Double  Altitude  of  the  same  Body. 
IV.  By  Double  Altitude  op  different  Bodies.  V.  By  thj 
Altitude  of  the  Pole  Star.* 

680.  The  pole  lemains  always  in  the  same  absolute  fixed  position 
from  whatever  point  of  the  earth's  surface  it  is  viewed ;  its  altitude 
at  any  particular  place  is,  therefore,  always  the  same.  The  position 
of  the  equator,  which  is  90°  from  the  pole,  is  also  always  the  same  at 
the  same  place,  and  is  determined  by  reference  to  the  celestial  bodies, 
whose  declinations  are  measured  from  it.  The  latitude  of  the  place 
may,  therefore,  be  determined  directly  by  observation,  and  independ- 
ently of  the  latitude  of  any  other  place. 

When  the  body  observed  is  on  the  meridian  (at  which  time  its 
altitude  ceases  to  change)  the  time  is  not  noted;  but  if  it  is  not  on 
the  meridian,  either  the  absolute  time  must  be  given,  or  a  second 
altitude  must  be  obtained  after  a  measured  interval. 


I.  By  the  Meridian  Altitude. 

681 .  The  simplest,  and  in  general  the  most  satisfactory,  method 
of  determining  the  latitude,  is  by  observation  of  the  altitude  of  a 
celestial  body  when  on  the  meridian  of  the  placet 

*  Hie  several  methods  of  latitude  which  are  given  in  this  work  under  che  heads  enume- 
rated above,  and  which  may  he  considered  as  distinct  methods,  of  which  the  solution  depends 
»n  circumstances  as  elsewhere  described,  amount  to  eight.  The  seaman,  who  will  remember 
the  adage,  "  lead,  latitude,  and  look-out,"  scarcely  needs  to  be  reminded  that  the  latitude  is 
often  the  only  element  necessary, — that  headlands  on  vast  tracts  of  coast  are  approached,  aim 
numerous  passages  or  channels  taken,  by  reference  to  latitude  alone, — and  that  the  time,  and 
Therefore  the  longitude  itself,  depends  on  the  latitude.  In  these  days,  also,  when  such  great 
and  continued  velocity  is  attained,  in  steam -vessels,  increased  facilities  are  demanded  for  de- 
termining the  place  of  the  ship  from  time  to  time;  the  seaman  accordingly  should  be  furnished 
with  a  method  of  finding  the  latitude  (provided  it  be  convenient  and  satisfactory)  adapted  U 
every  occasion  that  may  present  itself  by  day  and  by  night. 

f  The  manner  of  deducing  the  Letit  ide  from  the  mer.  alt.  and  declin.  is  fully  described  If 
N*452. 
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1    Meridian  Altitude  of  the  Sun. 

682.  Hit  Observation.  When  the  sun  is  near  the  meridian,  con- 
tinne  1o  observe  the  altitude  till  it  is  found  to  decrease ;  the  greatest 
alt.  reached  is  the  mer.  a!t.* 

In  latitudes  above  66°$  the  sun,  being  above  the  horizon  the 
whole  24  hours  during  part  of  the  summer  months,  may  often  be 
observed  below  the  pole  at  midnight;  in  this  case  the  smallest 
altitude  is  the  mer.  alt.f 

When  accuracy  is  required,  note  the  barom.  and  therm. 

683.  The  Computation.  At  Sea.  (1.)  Take  the  sun's  decl.  from 
the  Nautical  Almanac,  page  I.,  or  Table  60,  for  the  noon  of  the  day, 
and  reduce  it  by  Table  19  for  the  longitude  by  account. 

(2.)  Correct  the  alt.  for  index  error,  dip,  seniidiametcr,  and 
refraction,  No.  647 ;  subtract  it  from  90°,  the  remainder  is  the 
zenith  distance. 

(3.)  When  the  observer  is  to  the  N.  of  the  sun,  call  the  zen.  dist. 
north ;  when  he  is  to  the  S.  of  the  sun,  call  it  south. 

When  the  zen.  dist.  and  decl.  are  of  the  same  name,  take  their 
sum ;  when  of  contrary  names,  take  their  difference :  the  result  is 
the  lat. 

When  the  decl.  and  zen.  dist.  are  of  the  same  name,  the  lat.  is  also 
of  that  name ;  when  the  decl.  and  zen.  dist,  are  of  different  names,  the 
lat.  takes  the  name  of  the  greater. % 

Ex.  2.  July  4th,  1002,  long.  ioi°  E.  % 
obs.  Mer.  Alt.  Q  8i°  59'  bearing  north, 
ind.  corr.  o,  height  of  eye,  16  feet :  required 
the  Latitude. 

Decl.  4th, 

Corr.  for  1010  B. 

Red.  Declin. 

Obs.  Alt.        81*59 

Table  38,  4- 1% 

True  Alt        8*    u 

Zen.  Dist.        7  49 

Latitude 


Ind.  corr.  +  a',  height  of  eye 
tjuired  the  Latitude. 

20  feet:   re- 

DecL  3d,  Table  60, 
Corr.  for  380  W. 
Red.  Declin. 

I5°29*N. 
15  31  N. 

Obs.  Alt  Q      560  10 
Ind.  Corr.  +  *'! 
Dip            -4/        ~* 

App.  Alt.  Q       56     8 

Refr.       -    i'I 

Semid.    +  j6  J      +1* 

True  Alt.             56   2 3 

Zen.  Dist.            33    37 
Latitude 

33  37  N. 
49     8  N. 

*2° 

5/ 

N. 

%% 

58 

N. 

7 

49 

S. 

*5 

9 

N. 

*  At  sea  it  is  usual  to  keep  advancing  the  index  till  the  sun  has  dipped,  but  it  is  better 
to  take  separate  altitudes. 

f  Since  the  sun,  moon,  and  planets,  change  their  declinations,  the  mer.  alt.  is  not  always 
the  maximum  or  minimum  altitude.  Near  the  equator  the  difference,  which  is  as  the  tangent 
of  the  latitude  nearly,  i*  very  minute.  In  lat.  60°  the  sun's  alt.  will  be  maximum,  in  the 
extreme  case,  at  half  a  min.  from  the  meridian,  and  the  altitudes  will  differ  only  0"'4 ;  in  the 
tame  latitude  these  quantities  will  be,  for  the  moon,  V  and  2'  respectively.  As  0"*4  is  inap- 
preciable by  ordinary  instruments,  and  as  the  moon  can  be  employed  for  approximation  only, 
it  is  not  necessary  to  tabulate  this  correction. 

%  A  ship,  on  board  which  the  declination  had  been  applied  the  wrong  way,  made  tha 
Orkney  Islands,  in  coming  from  the  westward,  instead  of  the  Channel.  A  few  years  ago  a 
ship  bound  homewards  from  Australia  round  C.  Horn  got  too  far  to  tba  southward ;  a  similar 
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When  the  declin.  is  0,  the  zen.  dist.  is  the  latitude ;  and  when 
the  zen.  dist.  is  0,  the  declin.  is  the  latitude. 


Ex.  3.    March  2 1st,  1902,  long.  1 50  W. ; 
oba.  mer.  alt  p  480  16'  bearing  N.,  index 
error  -  5*,  eye  16  feet .  find  the  Latitude. 
Decl.  2 1 st  o°  I'  S. 

Corr.  for  long.  150  W.         -  1 
Red.  Decl.  ~~o    o 

Oba.  Alt.  0  4Sb~76' 

Indei      -   5') 

Semi.       — 16  , 

Dip         -  4   *  -* 

Re£         -   1  J  

True  Alt.  47    50 

Zen.  Dut 

Decl.  

Latitude        42     10  S. 
Ex.5. 


IO  S. 
O 


Ex.  4.    Jnly  13th,  1902,  long.  490  W. ; 
ob*.  mer.  alt.  £•}  890  44'    N.,  indes  error 
+  4',  eye  18  feet :  find  the  Latitude. 
Decl.  13th  21°  56  N. 

Corr.  for  long.  490  W.  -  1 


Red.  Did. 
Oba.  Alt  Q 
Index        +4') 
Table  38   +  12  ) 

True  Ale. 
Zen.  Dist. 
Decl. 

Latitude 


21    55  N. 

89°"44' 
+  16 


90 


o 
21 
21 


o 

55  N. 
55  N. 


March  21st,  1902,  long.  6o°  E.t  obs.  mer.  alt.  0  560  26'  N.,  index  error  +  2', 
•ye  20  feet  s  required  the  Latitude.     Red.  decl.  O0  5'  S.     True  alt.  330  21'. 

Lat.  330  26'  S. 

Ex.  6.     Aug.  5th,  1902,  long.  470  W„  oba.  mer.  alt.  0  720  47'  N.,  index  error  +  2', 

•ye  16  feet.     Red.  decl.  170  8'  N.     True  alt.  730  l'.  Lat.  o°  9'  N. 

Ex.  7.     March  20th,  1902,  long.  900  W.,  olw.  mer.  alt.  0  890  48'  S.,  index  error  —  i', 
eye  12  feet.     Red.  decl.  o°  19'  a      lrue  alt.  900.  Lat.  O0  19'  S. 

Ex.  8.     Jan.  1st,  1902,  long.  1380  W.,  olw.  mer.  alt.0  890  55'  S.,  index  error  +2% 
•ye  12  feet.     Red.  decl.  230  3'  S.     True  all.  900  10'.  Lat.  230  13'  S. 

Ex.  9.    June  20th,  1902,  long.  1720  W.,  oba.  mer.  alt.  ©  520  18'  S.,  index  error  -2', 
eye  60  feet  (the  top).     Red.  decl.  230  27'  N.     True  alt.  52°  23'.  Lat.  6l°  4'  N. 

Ex.  10.     Feb.  1 8th,  1902,  long.  710  E.,  obs.  alt  0's  centre  (by  bisecting  the  cloudy 
disc,  No.  539),  480  22'  S.,  e>e  18  feet.     Decl.  11°  55'  S.     True  alt.  480  17'. 

Lat.  290  48'  N. 
Ex.  11.     Dec.  20th,  1902,  long.  1600  E,  obs.  mer.  alt.  0  280  18'  S.f  above  the  sea 
horizon  2k  miles  distant,  eye  20  feet.     Red.  decl.  230  25'  S.     True  alt.  280  26'. 

Lat.  380  9'  N. 

684.  When  the  sun  is  observed  below  the  pole  (at  midnight), 
instead  of  subtracting  the  true  alt.  from  90°,  add  90°  to  it ;  the  lat. 
will  be  of  the  same  name  as  the  declin. 


Ex.  1.  June  5th,  1902,  long.  290  E. 
at  I2fc  p.m.,  oba.  mer.  alt.  ^v  below  the  pole 
30  38'  N.,  ind.  corr.  -1  2',  height  of  eye  20 
ftet :  required  the  Latitude. 

Red.  Declin.  No.  579(2),  22°  31'  N. 
3°  38' 


Obs.  Alt.  0 
Ind.  Corr.   +    2r  \ 
Dip.  -  4  I 


Refr.  -13') 

Seroid.  +  16  ) 

Tiue  Alt. 
Supp.  Zen.  Dist. 
Decl. 

Latitude 


-2 

1~36~ 

+  3 

3  39 

93  39 
22   31  N. 

71     8  N. 


17 


Ex.  2.  Nov.  13th,  1902,  long.  980  W. 
at  1 2h  r  M.f  obs.  mer.  »t.^  below  the  pole 
5°  37'  S.,  ind.  corr.  -  2',  height  of  eye  30 
tett. 

D.clin.  Noon 
Corr.  tor  I2h  «M8'i 
980  W.  add  4  f 
Red.  Declin. 
Obs.  Alt. 

Ind.  Corr.  —  2' 1 

Table  38  +2) 

True  Alt. 
Supp.  Zen.  Dist. 
Decl. 

Latitude 


48' S. 
12 
1 3     o  S. 
5°  37' 
o 


5 

95 

18 


77 


37 

37 
oS. 

37  S- 


blunder  was  discovered  to  have  been  made,  bat  the  existence  of  an  error  in  the  latitude  wag 
suspected  only  from  the  circunistance  of  the  ship  leing  beset  with  ice. 

In  croanng  the  meridian  of  laO°,  when  the  long,  changes  from  W.  to  E.,  or  from  K.  to 
W.,  care  most  be  taken  to  change  the  application  of  (he  <orr.  of  the  declin  accordingly. 
The  neglect  of  this  precaution  has  been  a  fertile  source  of  mistakes. 
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685.  Accurately.  Reduce  the  declin.  to  the  nearest  second  for 
the  long.,  correct  the  refraction  for  the  barom.  and  therm,  and  add 
the  sun's  parallax. 

As  the  sun  passes  the  meridian  at  0b  0m  0*  App.  Time,  the 
Greenwich  Date  may  be  deduced  in  App.  Time  by  means  of  the 
long,  in  time.  No.  576  (3).  Or  it  may  be  taken  at  once  from  the 
chronometer,  in  which  case  it  will  be  in  Mean  Time,  as  is  supposed 
in  Ex.  1,  following. 

Ex.  2.  June  20,  1878,  long.  2 6°  5*  E., 
at  midnight,  obs.  mer.  alt.  Q  in  the  quick - 
silrer  26°  26'  20%  index  o',  bar.  29*8  inches, 
therm.  340. 

Green.  Date*  A.T.Jane  20**  iok  ^"40* 
Reduced  Decl. 


Ex.  1.  March  20th,  1878,  long,  i°  25' 
W.,  oba.  mer.  alt.  Q  in  the  mercury 
690  8'  io#  bearing  S.,  time  by  chron.  20*1 
o*  I31"  12s,  index  error  +  1'  io#,  bar.  29-5 
inches,  therm.  400. 

©*s  Decl.  20th         oc 

2I8t  O 

Daily  Var. 
I3"i**,var.  23'  41* 


3^7  S. 

a'4N. 


'   5 
18 

23  4>2 


Red.  DecL 
Obs.  AIL 


5  a6 


12  6 

iS. 


690    8' 

4-  I 


IO' 
IO 


Ref. 

Thcr. 

Bar. 


-1' 25' J 

-  : 


2)69      9    20 
34   34  40 


-1    24 


Semid. 

Par. 
True  Alt 
Zen.  Disk 
Decl. 

Lat. 


34    33 
+  16 

4- 


5 

7 


34  49   ** 
55    10   32  N. 


55     5 


5  26  S. 

6N. 


Obs.  Alt. 


Ref. 

Ther. 

Bar. 


-4  4) 

-  ! 


26°  26'   2Q# 

13    «3    >o 
-3    57 


*3*V 


i6*N. 


Semidiam. 

Par. 
True  Alt. 
Supp.  Zen.  Dist. 
Decl. 
Lat. 


«3 

+  >5 


9 11 

8 


'3  *S      7 

103  25     7 

23  27  16  N. 

79  57    51  N" 


W., 


Ex.  3.  July  27th.  1878,  long, 
obs.  mer.  alt.  0  in  the  quicksilver  1 16°  2'  30*. 
zenith  N.  ind.  corr.  +2'  15*.  bar.  30-0  inch., 
therm.  6o° :  required  the  Latitude. 

Green.    Date  (A.T.),   27*  oh  8";   R4*L 


Decl.  1 90  »'  17*  N. 
Lat.  51°  26'  13*  N. 


True  Alt.  57°  46'  4'  t 


686.  When  the  altitude  of  either  limb  of  the  sun  is  observed, 
and  the  alt.  of  the  other  limb  (which  will  appear  the  same  in  the 
instrument)  is  observed  from  the  opposite  point  of  the  horizon  (No. 
535),  take  half  the  diff.  of  these  angles  and  add  to  it  the  correction 
of  alt. ;  the  sum  is  the  true  zen.  dist. 

Ex.1.    Aug.  5th,  1878,  long.  2 50  W. 


Obs.  Alt.  Q  N. 

S. 

Diff. 

Corr.  of  Alt. 

ii5°46'-3 
63   49.3 

*'    57 

25   58-5  N. 

Zen.  Dist. 
Red.  Decl. 

Lat. 

25    58 -9  N. 
16   56  3  N. 

4*   55'*  N. 

Ex.  2.  Oct.  ioth, 

1878,  long.  i°W. 

Obs.  alt.  Q  N. 

i°5°    5' 

S. 

74   3*** 

Diff. 

30    328 

1  c    1 6  -4  N. 

Corr.  of  Alt 

+    "2 

Zen.  Dist. 

15    I6-6N. 

Red.  Decl. 

10    23*9  S. 

Lat. 

4   5**7N. 

Thus  it  appears  that  this  observation,  which  is  the  most  efficient 
in  practice,  is  also  the  shortest  in  computation. 

Ex.  3.  July  15th,  1878,  alt.  Q  N.  930  58',  S.  850  38',  long.  710  W.    Lat.  250  39'7  N. 
Ex.  4.    Juljr  4th,  1878,  alt.  Q  N.  8i°  59',  S.  970  4^',  long.  830  E.      Lat.  150  j'  7  N. 
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9.  Meridian  Altitude  of  a  Star  or  a  PlaneL9 

687.  The  Observation  is  the  same  as  for  the  sun,  bat  it  is  still 
more  necessary  to  take  separate  altitudes  of  a  star  in  order  to  avoid 
straining  the  eye  to  perceive  its  small  rise  or  fall  when  near  the 
meridian.     See  No.  542. 

688.  The  Computation.  At  Sea.  (1.)  Take  the  decl.  either  from 
the  Nautical  Almanac,  or,  in  the  case  of  a  star,  from  Table  63. 

(2.)  Correct  the  alt  for  index-error,  dip,  and  refraction,  No.  652. 
Find  the  zenith  dist.  and  proceed  as  for  the  sun. 

El.  1.  May  15th.  1878,  obc  mer.  alt.  of  j  E«.  *  April  9th.  1878.  p.m.  long.  ut° 
Spica  330  17' S.  index  error +1'  20',  eye  W.f  obs.  alt  of  Mars  490  20  N.,  mdci 
V>  fret,  corr.  +  3',  eye  1 6  feet. 


.-a 


Obs.  Alt.  31ci7'8. 

Index  err. 

Dip 

Ref.  

True  Alt.  33    12  S. 

Zen.  Dist.  56   48  N. 

Star's  Decl.  10    32  S. 

Lat.  46   16  N. 


In  N  A  page  244,  the  M.T.  of  incr.  pass. 
of  Maw  is  Aug.  94  3h  36".  The  Urwiu 
Date  is  Aug.  9d  ia*  O-,  and  the  Red.  Decl. 


3} 


is  *iw  39' 

Obt.Alt  49°ao'N< 

Index  Conr. 

Dip 

Ref. 

True  Alt.  49    18 

Zen.  Dist.  40  42  S. 

Red.  Decl.  23   39  N. 

Lat.  17     3  S. 

Ex.  3.  Dec.  21st,  1878,  obs.  mer.  alt.  Aldebaran  500  27'  N. ;  height  of  eye  20  feet  4 
required  the  Latitude.  Lat.  23°  22'  S. 

Ex.  4.  Jan.  1st.  1878.  obs.  mer.  alt.  Sinus  8i°  13'  S.,  ind.  corr.  —4',  height  of  eye 
18  feet :  required  the  Latitude.  Lat.  70  38'  S. 

Ex.  5.  Feb.  18th,  1878.  obs.  mer.  alt.  Canopus  370  25'  S.,  ind.  corr.  +z',  height  of  eye 
16  feet :  required  the  Latitude.  Lat.  o°  o' 

Ex.  6.  Feb.  ist,  1878,  obs.  mer.  alt.  Arcturus  8o°  12'  N.,  ind.  corr.  +4',  height  of  eye 
18  feet:  required  the  Latitude.  Lat.  io°  1' S. 

Ex.  7.  Feb.  18th,  1878,  obs.  mer.  alt.  «  Lyrae,  below  the  pole,  120  30',  ind.  corr.  +  %\ 
height  of  eye  18  feet:  required  the  Latitude.  Lat.  630  44'  N. 

Ex.  8.  Oct.  6th,  1878,  long.  870  W.f  obs.  mer.  alt.  Mars  570  45*  SM  index  corr.  —2', 
height  of  eye  18  feet.  Lat.  300  15'  N. 

Ex.  9.  July  6th,  5878,  long.  1780  E.,  obs.  mer.  alt.  Jupiter  570  50'  SM  index  corr.  +  3', 
height  of  eye  20  feet.  Lat.  1 30  2   N- 

Ex.  10.  Jan.  6th.  1878,  long.  1690  W.,  obs.  mer.  alt.  Venus  690  54'  S.,  index  corr.  -  1', 
height  of  eye  15  feet.  Lat.  90  15*  N. 

689.  Accurately.  Take  the  decl.  from  the  Nautical  Almanac. 
For  a  planet  find  the  Gr.  Date,  and  reduce  its  hor.  par.  and  decl. 
Correct  the  refraction  for  the  thermometer  and  barometer. 

690.  Stars  which  never  set  at  the  place  may  be  observed  both 
above  and  below  the  pole.  In  this  case  the  latitude  is  half  the  sum 
of  the  altitudes  corrected  for  refraction. 

691.  If  two  stars  are  observed  on  the  meridian,  on  different  sides 
of  the  zenith,  and  at  equal  altitudes,  the  result  i*  independent  of  the 
refraction,  unless  it  changes  in  the  interval  of  the  observations.  If 
the  altitudes  are  not  equal,  the  result  involves  only  the  difference  of 
the  refractions  proper  to  each. 


♦  Venus  may  oiUq  be  observed  bf  daylight,  e?en  in  high  latitudes. 
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S.  Meridian  Altitude  of  the  Moo* 

692.  The  Observation.    The  same  as  for  the  sun.     See  No.  540. 

693.  Tl\e  Computation.  At  Sea.  (1.)  Find  the  Green.  Date  by 
means  of  the  time  at  ship;  or,  if  this  time  is  uncertain  several  minutes, 
find  the  M.T.  of  the  moon's  mer.  pass.,  No.  627,  &c  Reduce  thereto 
the  moon's  decl.,  No.  589,  her  hor.  par.,  and  take  the  corresponding 
semid.  from  Table  40,  all  to  the  nearest  minute. 

(2.)  Correct  the  observed  alt,  No.  654,  and  proceed  as  for  the  sun, 

No.  683  (3> 

Ex.  1.  Nov.  3d,  1878,  km*  1500  15*  E., 
at  7*  7*  p.m.  inaan  time  at  ship,  obs,  alt  ^ 
45°  *i  S»  height  of  eye  16  feet. 


M.T.S.  Nov. 
Long,  in  time 
M.T.G.  Not. 

3* 

a 

7h    7m 
10     1  E. 

ai      6 

V»  Decl.  at  iih 
6mt  var.  119' 

14° 

—  1       II 

Ked.  Decl. 

H 

46    34  S. 

Hor.  Par. 
Semid. 

54' 
»4 

5o" 
58 

Obi.  Alt.    1 

JHp           -4  \ 
Si  mid.    +  15  / 

bi 

45° '3 
+  11 

450  ao',  and  II.P. 
True  Alt. 

45  *4 
+  3« 

46  a 

Zen.  Dist. 
Decl. 

Lai 

43    5«  N. 
29    11  N. 

Ex.  2.  May  aoth,  1878,  t 

i.m.  long.  1 1 40 

W.,  olw.  mer.  alt.  7  4*°  4*'  &»  lwi«ht  °* 

eye  18  feet. 

Moon's  Mer.  Pass.  ■ 

19*  15*  12* 

Corr.  for  Long. 

+  16 

M.T.  Mer.  Pass,  at  ship 

19   15   28 

Long,  in  time 

7    36 

M.T.G.  May 

19  23     4 

Vs  Decl.  at  23* 

240  34'  22"  S 

4-  var.  69" 

-8 

lied.  Decl. 

24   34   14  S. 

Hor.  Par.          56' 

33" 

Semid                 15 

26 

Obs.  alt.    "J 

48*48 

Dip             -  4'\ 
Semid.        —16  J 

—  20 

48   28 

48°3o'andH.P.  57* 

+  37 

True  Alt. 

i*_J 

Zen.  Dist. 

40   55  N. 

Dec). 

24  34  s. 

Lat. 

16   21  R 

Kx.  5.  Dec.  2 1  st,  1878,  a.m.  lonjj.  149° 
Wn  obs.  iner.  alt  J)  840  9'  N.  indi-x  corr. 
♦  a',  height  of  eye  14  feet. 

Lat.  310  14'  S. 


Ex.  4.  Aug.  loth,  1878,  p.m.  long.  1340 
E.,  obs.  mer.  alt  /  590  44'  N.,  index  corr. 
—  l',  height  of  eye  18  feet. 

Lat.  53"  4*  & 


It  will  in  general  be  loss  of  time  to  work  nearer  than  to  mhutet, 
because  the  moon's  declination  cannot  be  found  to  seconds  unless  the 
Greenwich  time  is  known  with  precision.* 

694.  When  both  the  upper  and  lower  limbs  are  well  defined,  the 
suppl.  of  the  alt  can  be  observed,  and  tho  precept  No.  683  applied. 
When  only  one  limb  can  be  observed,  the  semi-diameter  must  be 
applied. 

695.  Degree  of  Dependance*  The  error  of  the  resulting  lat  is 
obviously  the  sum  or  difference  of  the  errors  of  alt  and  decl.  The 
lat.  by  the  sun  at  sea  may  be  depended  upon  within  2'  or  less,  that 
by  the  moon  not  so  nearly,  and  the  lat  by  a  single  star  in  a  dark 
night  perhaps  not  within  3'  or  4'. 


*  Also  as  th«j  moon  at  certain  times  changes  her  declination  rary  rapidly,  or  IT  an  1 
her  mer.  alt.  may  differ  considerably  from  the  maximum  alt.  ;   and  at*  interval  of  terjr?J 
ttinute*  may  occur  between  these  two  altitude*      See  uote  f»  P  244. 
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Errors  of  observation  or  of  the  instrument  may  be  removed  b 
employing  celestial  bodies  of  nearly  equal  altitudes  N.  and  S.  of  the 
zenith  *     (See  No.  999.) 

It  may  in  general  be  considered  that  the  lat.  by  mer.  alt.  is  not 
decisively  determined  unless  alts,  on  both  sides  of  the  zenith  have 
been  employed. 


11.  By  the  Reduction  to  the  Meridian. 

696.  When  the  sky  is  cloudy,  or  the  weather  variable,  the  sun  or 
any  other  celestial  body,  though  obscured  when  exactly  on  the  meri- 
dian, frequently  appears,  for  short  intervals  of  time,  both  before  and 
after  the  meridian  passage.f 

When  the  body  is  near  the  meridian,  the  change  of  alt.  in  a  small 
portion  of  time  is  very  small;  and  though  the  altitude  near  the 
meridian  changes  at  a  different  rate  in  different  latitudes,  yet  the 
change  of  altitude  in  a  given  small  interval  is  not  sensibly  affected  by 
a  change  of  several  miles  in  the  latitude,  and  therefore  it  may  be 
computed  with  tolerable  accuracy,  even  when  the  lat.  by  account 
(which  is  used  in  the  computation)  is  considerably  in  error.  If,  ac- 
cordingly, at  the  time  of  observing  an  alt.  near  the  meridian,  we 
know  the  hour-angle,  we  may  find  very  nearly,  by  computation,  the 
difference  of  alt.  by  which  to  reduce  the  observed  alt.  to  the  mer.  alt., 
and  which  is  thence  called  the  Reduction  to  the  Meridian. 

This  method  is,  in  point  of  simplicity,  but  little  inferior  to  the 
meridian  altitude,  to  which  it  is  next  in  importance;  and  it  particu- 
larly demands  the  attention  of  seamen,  because,  when  the  latitude 
by  observation  is  left,  as  it  too  generally  is,  to  the  casualty  of  obtain- 
ing the  merid.  alt.,  it  is  frequently  lost  for  the  day. 

697.  The  term  "near  the  meridian"  implies  a  meridian  distance 
limited  according  to  the  lat.,  the  decl.,  and  also  the  degree  of  precision 
with  which  the  time  is  known.  The  Limits  are  given  in  Table  47 
See  also  Explan.  of  the  Table. 

698.  Since  the  lat.  by  ace.  is  employed  in  computing  the  Reduc- 
tion, it  may  be  necessary,  when  this  lat.  has  been  found  to  be  much 
in  error,  to  repeat  the  work. 

*  Though  the  lat.  by  a  single  star  may  not  be  very  correct,  yet  the  error  will  in  general 
De  much  leaf  than  that  of  the  D.R.  The  altitude  of  a  star  also  affords  a  certain  check 
against  the  mistake  of  applying  the  sun's  declination  the  wrong  way ;  and  it  may  be 
remarked,  that  a  single  observation  of  the  kind  would  hare  prevented  all  the  delay,  wear  and 
tear,  and  danger  incurred  in  the  cases  mentioned  in  the  note  p.  244,  from  the  ships  being  so 
far  out  of  their  proper  latitudes. 

f  Capt.  Sir  Richard  Grant  remarks  that  in  H.M.S.  Cornwallis,  alts,  of  the  suit  ind 
stars  were  rarely  to  be  obtained  while  within  the  limits  of  the  Gulf  Stream,  but  they  had  a 
momentary  glimpse  of  the  sun  near  noon  once  in  two  or  three  days. — Nautical  Magacine, 
183*  p.  437. 
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1.  Reduction  to  the  Meridian  at  Sea* 
[\.]  By  the  8**. 

699.  The  Observation.  When  the  sun  is  within  the  limits  m 
Table  47,  observe  two  or  three  altitudes,*  quickly,  noting  the  times. 

When  the  alts,  are  not  observed  very  close  together,  either  a 
separate  result  should  be  obtained  from  each  alt.  with  its  corre- 
sponding time,  or  the  case  should  be  solved  by  No.  727. 

700.  The  Computation.  (1.)  Take  the  mearfof  the  alts,  and  the 
mean  of  the  times. 

(2.)  Find  the  sun's  hour-angle,  or  the  time  from  noon,  thus: 

1.  When  the  App.  Time  has  been  lately  determined  by  observa- 
tion. If  the  ship  has  since  made  westing,  subtract  the  diff.  long,  made 
good  from  the  A.T.  found ;  if  she  has  made  easting ,  add  the  diff.  long, 
to  the  A.T. :  the  result  is  the  A.T.  required. 

2.  When  the  A.  T.  has  not  been  lately  determined  by  observa- 
tion. Find  A.T.  by  the  chron.  and  the  long,  by  ace.,  thus:  To  the 
G.  M.  T.  (found  by  applying  to  the  chron.  the  gain  or  loss  up  to  the 
time)  reduce  the  Eq.  of  T.  and  apply  it  to  the  G.  M.T.,  as  directed 
page  II.  of  the  Nautical  Almanac,  or  the  contrary  way  to  that  directed 
in  Table  62 :  the  result  is  A.T  at  Greenwich.  In  W.  long,  subtract 
the  long  in  time  from  this  Gr.  T.  (increased,  if  necessary,  by  24h); 
in  E.  long.,  add  it :  the  result  (rejecting  24h  if  it  exceed  24h)  is  A.T. 
at  ship. 

When  the  A.T.  of  observation  is  p.m.,  it  is  the  hour-angle  re- 
quired ;  when  it  is  a.m.,  subtract  it  from  24h :  the  rem.  is  the  hour- 
angle. 

If  A.T.  is  near  12h,  subtract  it  from  12h ;  if  it  exceed  1211,  reject 
12u:  the  rem.  is  the  hour-angle  from  midnight. 

Find  the  sun's  decl.,  No.  579. 

(3.)  Correct  the  alt.,  No.  647. 

(4.)  Add  together  the  logarithm  from  Table  70  and  the  log:,  sine 
square  of  the  hour-angle:  the  sum  is  the  log.  sine  of  the  Reduction. 

(A.)  Add  the  reduction  to  the  true  alt.,  unless  the  observation  is 
near  midnight,  when  subtract  it:  the  result  is  the  mer.  alt.  at  the 
place  where  the  alt.  was  observed ;  and  the  resulting  lat.  is  the  lat. 
of  the  ship  at  the  time  of  observation  (not  at  noon). 

Having  the  mer.  alt.,  proceed  by  No.  683  (3). 

Ex.  1.  Aug.  5th,  1826.  H.M.S.  Lcven,  lat.  by  ace  47°N.;  long,  by  ace  25°  W.  at 
1 1"'  48*  before  noon ;  obtained  true  alt.  0  630  54/  to  the  southward  :  required  the  lixt.  Tha 
reduced  decl.  was  i7°4'N. 


Lat.  470,  decl.  17°  (tame  name)     0*416 

Mer.  alt. 

64°o/ 

ii"*  48s  sine  sq.            6*821 

Zen.  dist 

26  oN. 

Red.    o°    6'    sin.  7*237 

Red.  decl. 

*7  4N. 

63    54 

Lat. 

43   4N. 

Mer.  alt.  64     0 

Repeating  the  work  gives  430  3' 

*  As  more  than  one  altitude  would,  for  greater  security,  always  be  obtained  when  pos- 
sible, we  shall,  to  avoid  repetition,  consider  the  term  "  altitude''  in  the  subsequent  rules  and 
examples,  as  implying  the  mean  of  two  or  more  altitudes  corresponding  to  the  mean  of  the 
Un:es. 
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Ex.  2.    Lei.  55*  &  N.f  ©s  ded.  io°  4'  8.,  at  c*  54"  12'  p.m.,  sun's  true  alt.  14    1'  S. % 
required  the  Latitude. 

The  Red.  is  o°  54',  mer.  all   140  55',  and  the  Latitude  55*  1'  N. 

Ei  S.  Feb.  13d,  1878,  lat  by  ace.  400  5*  S.,  long.  132°  E„  at  1  ih  45*  20*  a.m.,  obs.  ah. 
0  59°  4°'  **•>  "^ex  corr.  —a',  eye  00  feet :  find  the  Latitude. 

Red.  ded.  90  54'  S.,  true  alt  59°  49',  Red.  11',  Lat.  390  54'  8. 

Ex.  4.  Dec.  lath,  1878,  lat.  by  occ.  o°  o',  long.  1620  W„  at  o>  Um  52"  r.M„  olia.  alt.  Q 
66°  34'  &,  index  corr.  —  5*,  eye  16  feet:  required  the  Latitude. 

Red.  decl.  230  7'  8.,  true  all.  66°  41',  Red.  n',  Lat.  o°  i'  N. 

Kx.  5.  June  aitt,  1878,  lat  by  ace.  420  18*  S„  long  530  E^  oba.  alt  023®  41'  N. 
Index  corr.  —  i'f  eye  14  feet;  lime  by  watch  oh  50"  53-  r.M.,faston  A.T.  14*  a8-,  diff.  loug 
j  ao'  E.:  find  the  Latitude. 

Red.  ded.  23°  2/  N„  true  alt.  23°  50',  Red.  j  £  Lat.  420  X  8. 


701.  When  the  number  of  minutes  of  arc,  in  the  Reduction, 
exceeds  the  number  of  minutes  of  time  from  the  meridian,  it  is 
proper  to  refer  to  Table  48,  to  ascertain  if  it  be  necessary  to  employ 
the  Second  Reduction. 

Ex.  1.  (The  preceding.)    The  number  of  mta.  m  the  Reduction,  or  6,  being  less  than 
the  number  of  min.  of  time,  or  1 1,  it  is  not  necessary  to  refer  to  the  Table. 


To  Compute  the  2d  Red.  Double  the  log.  sine  of  the  Red. ;  add 
to  it  the  log.  tan.  of  the  mer.  alt.  found,  and  the  constant  9*6990 :  the 
sum  (rejecting  tens)  is  the  log.  sine  of  the  2d  Red. 

Tliis  is  to  be  subtracted  from  the  1st  Red.  (above  the  Pole),  that  ia 
applied  to  the  alt  the  contrary  way  to  that  of  the  1st  Red. 

Ex.  1.    May  5th,  187?,  lat.  ace  5*  3  N.,  long.  71  *  10'  E ;  time  by  watch  5*  3"  7*  p.m., 
fast  on  app.  time  at  ship  4h  47™  2741:  obs.  alt.  Q  77*  59'  N  ;  height  of  eye  16  feet 


Time  by  Watch 
Fast 

5d    Sh    3m  T 

-4   47    »7 

Lat.  50,  Decl. 

oh  15™ 

i6\°  (same 

40- 

name)        0*992 
sin  sq.  7*067 

AT.S. 

Long,  in  Time 
A.T.G. 

5     0    15   40 
-4   44    40 

4  19    31      0 

True  Alt. 

39' 
78    11 

sin.  8-059 

2 
6118 

Decl.          16°    i'N. 
Corr.             + 14 
Red.  Decl.  16    15  N. 

Obs.  Alt.    770  59' 
Table  38        +  12 
True  Alt.   78    11 

Mer.  Alt. 

78    50 
—  1 

tang.  0*705 

const.  9699 

sin.  6522 

78  49 

Zen.  Dist. 
Ded. 

11    11  S. 
16    15  N. 

Lat. 

5      4N. 

Ex.  3.  Jan.  6th  '878,  a.m.,  lat.  ace.  i°  10'  N.,  long.  580  E.,  at  8h  4"  53*  by  wateh, 
jfc  36m  %%•  slow  on  A.T.,  long,  made  since  23'  W. ;  obs.  ait.  Q  650  13'  S,  height  of  eye 
16  feet :  required  the  Latitude. 

Red.  decl  220  30'  S.f  Red.  31',  2d  Red.  o',  Lat.  i°  34'  N 

Ex.  4.  Sept.  15th,  1878,  lat.  ace.  40  58' S..  long.  no°  W.,  at  ok  n"  19s  p.m.  A.T. 
aba*  alt  0  8i5  33'  N.,  index  error  — »'f  eye  16  feet :  find  the  Latitude. 

Red.  decl.  20  52'  N.,  Red.  30',  2d  Red.  i'f  Lat.  40    6'  S 
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702.  If  a  second  altitude,  some  time  after  tbe  first,  do  not  confirm 
the  lat.,  the  time  is  probably  in  error.  In  such  cases  the  mean  lati- 
tude is  not  to  be  taken  as  the  true  latitude,  because  that  result  which 
is  nearest  to  the  meridian  is  the  best. 

If  the  time  only  is  in  error,  it  will  be  easy  to  find,  by  trial,  that 
time  from  noon  which  will  make  the  two  results  agree;  and  thus 
this  observation  may  serve  to  correct,  approximately,  the  error  of 
the  watch.  When  the  interval,  however,  between  the  alts,  amounts 
to  6™  or  8mf  the  case  should  be  solved  as  a  Short  Double  Altitude, 
No.  720. 

[2.]  By  a  Star,  a  Planet,  or  the  Moan. 

703.  Compute  the  hour-angle:  this  must  be  done  by  means  of 
the  time  at  ship,  by  No.  61 1  or  612.  But  in  general  it  will  be  better 
to  observe  the  alt.  of  a  star  nearly  E.  or  W.,  and  to  deduce  its  hour- 
angle,  as  directed  in  No.  737. 

In  other  respects  proceed  as  above  directed.  When  the  decl. 
exceeds  24°,  the  log.,  Table  70,  must  be  computed. 

704.  Degree  of  Dependance.  The  error  of  the  result  is  composed 
of  that  of  the  mer.  alt.,  No.  695,  together  with  that  of  the  com- 
puted  Red.,  which  latter,  when  well  within  the  limits  of  Table  47, 
will  rarely  be  worth  notice. 

2.  Circummeridional  Altitudes. 

705.  On  shore,  when  the  time  is  accurately  known,  or  even  at 
sea  under  favourable  circumstances,  the  result  of  several  altitudes 
may  be  obtained  by  a  computation  which  is  the  same  in  principle 
as  the  preceding,  and  is  of  much  greater  value  than  that  of  any  single 
observation  on  or  near  the  meridian. 

[1.]  By  the  S*n. 

706.  The  Observation.  When  the  sun  is  within  the  limits  in 
Table  47,  observe  altitudes  as  fast  as  convenient,  noting  accurately 
the  times  by  watch,  of  which  the  error  on  Apparent  Time  must  be 
known  or  found  as  soon  as  possible  afterwards. 

When  precision  is  required,  note  the  barometer  and  thermometer. 

707.  The  Computation.  (1.)  Find  the  Green.  Date  for  noon  at 
the  place,  in  app.  time,  and  reduce  the  decl.  If  the  error  of  the 
watch  is  given  on  M.T.,  reduce  also  the  Eq.  of  Time. 

(2.)  By  means  of  the  error  of  the  watch  obtain  A.T.  at  each 
altitude.  To  these  App.  Times  take  out  the  Reduction  in  seconds 
from  Table  49.     Take  the  mean  of  the  Reductions. 

v3.)  Find  the  mean  of  the  alts.,  and  correct  it,  No.  649  or  660. 
If  the  meridian  alt.  is  not  observed  nearly,  deduce  it,  No.  663,  &c. 

(4.)  Add  together  the  log.  of  the  mean  Reduction,  the  log.  cos. 
of  the  lat.  by  ace,  the  log.  cos.  of  the  decl.,  and  log.  sec.  of  the  mer. 
alt. :  the  sum  is  the  log.  of  the  Reduction. 
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(5.)  At  noovy  add  the  Reduction  to  the  mean  alt.;  at  midnight* 
mbtract  it :  the  result  is  the  mer.  alt. 

Ex.  1.    July  9th,  1S36,  lat.  by  ace.  51*49'  N. ;  long,  o*  3"  W. ;  obs.  alto,  of  tke  sun'i 
lower  limb,  near  noon,  by  a  sextant. 


At  u-»55"i*by  watch 
the  watch  was  2**  10**9  fart 
on  M.T.,  and  at  o*  44"  5 1« 
it  was  2*-  8"  7  fast. 


Ind.  corr.  +  54",  barom.  29*8  inches,  therm.  66°. 

The  observation  being  at  noon  in  long.  ou  3W  W.,  the  Gr.  Date  is  July  9th,  o*  3",  apy 
time. 

The  reduced  Eq.  of  T.  is  4m  49*  4,  tubtr.  from  M.T. ;  red.  deci.  22°  21'  1 1"  N. 


TUne*,  by  Watfh. 

Double  Alt.  G 

iik  58"2i» 

J20°28'      C? 

0     0   47 

120   30   30 

0      3    40 

120   32   37 

O    25    46 

120     7     0 

0    30    39 

119  51  40 

Error  00  A  pp.  T. 
T.  by  W.        iih55«   r» 

Past        2_M 

M.T. 
Eq.  ofT. 
APP.  T. 
T.  by  watch 
W.  fast  on  A.T. 


11    52   50 
-  4  49 


11   4* 

"    SS 


Sum  of  Alts.    6oi°29/  47" 


120 

17 

57 

+ 

54 

*) 

120 

18 

5« 

60 

9 

*5 

+ 

'5 

45 

Mean  Alt. 

60 

*5 

10 

Approx.Mer.Alt  60   32 


App.  Times  Reductions 

nh5in,2i* i4*5//*9 

"    53   47 75  '9 

11    56  40 21  *8 

o    18   46 691  *i 

O    23     39 IO97   '2 

5)  *Q3*  *9 
406  *6  log.. 

6o°  Refr,  33" 

Par.  —4 

Mean  Corr.       29 
Th.  61°,  J 

Alt6o0,-o"-9| 
Bar.  29-8,  — o  *2 )     —  1 
Trne  Corr.  28 

602J10 
True  Alt  60  24  42 


Lat. 
Decl. 
M.  Alt. 

47*"'4  tof  - 

472"  ■ 

Mer.  Alt. 
Zen.  Dist. 
Declin. 
Lat. 


cos. 
cot. 


2*609* 

9*79 «« 
9*966 r 

Q'3°79 
26743 


i  5*" 

•H  42 


60 


3234 


26  N. 
11  N. 


5.   48   37  N. 


708.  To  compute  ihe  2d  Reduction. 

Take  from  lable  50  the  2d  Reductions  (these  will  be  sensible 
in  the  larger  hour-angles  only),  and  divide  the  sum  by  the  whole 
number  of  altitudes. 

To  twice  the  sum  of  the  three  logs,  used  before  (namely,  lat., 
decl.,  and  alt.)  add  the  log.  of  the  mean  of  the  2d  Reductions;  the 
•urn  is  the  log.  of  the  2d  Red.  required. 


Kx.    (Ex.  1  preceding.) 


23",39i 
18  46 


2dR. 


2  -9 

I   *I 


3  logs.  0*0651 

2 


Subtracting  1' 


5) *o  0*1302 

o  -8  log.  9*9031 

2d  IUd.  i"*o8      log.  0*0333 

*i  from  7'  52**4  gives  the  lat.   omitting  decimals,  5*°48'  38". 


709.  When  the  declin.  changes  considerably,  take  the  difference 
between  the  sums  of  the  Eastern  and  Western  hour-angles,  in  deci- 
mals of  an  hour;  multiply  it  by  the  hourly  diff.  of  declin.,  and  divide 
by  the  number  of  altitudes. 

When  the  sun  is  approaching  the  elevated  pole,  if  the  E.  sum  is 
the  greater,  add  this  quotient  to  the  Red. ;  if  the  lesser,  subtract  iU 
When  the  sun  is  receding  from  the  elevated  pole,  the  contrary* 
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Ei.  2.     May  7th,  1847,  lat.  by  ace.  55°  1'  N..  long,  o*  6*  W.,  obs.  ah.  of  nn'i  alternati 
Kmbs  in  the  quicksilver,  near  noon,  with  the  circle ;  bar.  29*6  inch,  therm.  52°. 
Ttrowby  W. 

During  the  observation  the  angle 
s  earned  twice  quite  round  the  limb, 
and  the  final  angle  registered  was 


1 ••  38* iV 

"    43  3 

11   46  38 

50  13 

5*  33 

54  *7 

57  15 

59  ** 
6 

7 
9 


5 

»9 

37 
53 

5 
17 


an' 

Increased  by    1440 

Total  Angle ) 

Measure    J 


59   30 
o     o 


651    59   30 


which 
gives 


The  error  of  watch  at  noon,  as  de- 
termined by  equal  alts  ,  was  2"  $-0 
/avion  A.  T. 


•   11   27 
o  *5   33 

Barn  of  Alts.     16)  1651* 

*)  ">3 
Obs.  Alt. 
True  Alt 


The  obs.  being  made  at  noon  in 
long,  o*  6°*,  the  Green.  Date  is  May 
7th,  o1  6"  in  App.  Time. 


Sun's  Decl.  at  Green.  Date,  i6°43'  T  N. 

To  find  Approx.  Mer.  Alt. 
6°43' 


59'  30" 
'4    5^ 


5'    37   *9 


5' 


49 


App.  Times 
II*  36*2I" 
II    41      o 


1097-2 
708*3 


SdRc* 
..  2"-9 

..    I    '2 


O    23     30   ...   1083-3    2   '$ 

Sum     5817-4  16)9  -6 

Do. -1- 16     363-6  log.  2-5606        o  -6  log.  9-77*1 
Lat.     55°    1*  cos.  97584) 
Decl.   16  43  cos.  9*9812  >  9*9474 

Mer.  Alt.  51   42  sec.  0-2078)  2 

322-2  log.  2*5080    9-8948  9-8948 

322"—  5'  22**  2d  Red.     0*5  log.  9-6729 

Ait.  $1  36  49 
Mer.  Alt  51  42  11,  and  Lat.  550  o'  50" 


To  find  the  Effect  of  a  Change  of  Declin. 
The  Sum  of  the  E.  H.-ang.  is  97"  3°* 
Do.     Western     do.  94   53 

Diff.  of  E.  and  W.  H.-ang.        j.   37 
Or  -o$h 

Hourly  Diff.        41-32 
16)  2*0660 
•«3 
Effect  of  Change,  DecL  is  o"- 1 3  only. 

710.  The  rate  of  the  watch  must  be  allowed  for  in  deducing  each 
hour-angle.  In  the  case  of  the  sun  the  rate  should  be  found  upon 
A.  T.,  but  it  is  ol  course  near  enough  for  this  purpose  to  employ 
M.T. 

711.  An  error  in  the  absolute  time  affects  all  the  hour-angles 
alike,  but  it  produces  the  greatest  errors  in  the  greater  Reductions. 
The  higher  the  altitude,  the  greater  is  the  precision  required  in  the 
time. 

When  the  time  is  inaccurate  the  Reductions  on  one  side  of  the 
meridian  will  be  too  great,  and  on  the  other  too  small ;  if,  therefore, 
the  altitudes  p.m.  be  taken  so  as  to  correspond  nearly  with  those  a.m. 
the  errors  of  the  Reductions  will  very  nearly  compensate. 

This  distribution  of  the  altitudes,  by  equalising  the  number  of 
the  hour-angles  a.m.  and  p.m.  has  also  the  advantage  of  neutralising 
the  effect  of  a  change  of  declination.  It  is  proper,  moreover,  to 
multiply  the  observations  near  the  meridian,  in  order  to  weaken,  by 
subdivision,  the  small  errors  to  which  the  outer  reductions  may  be 
liable 

712.  The  effect  of  irradiation,  or  the  increase  of  the  sun's  appa- 
rent diameter  caused  by  the  extreme  brightness,  and  which  may 
amount  to  5"  or  6"  (Dr.  Robinson  on  Irradiation,  "  Mem  Roy.  Afil. 
Soc."  vol.  iv.)f  is  removed  by  observing  both  limbs. 
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[2.]  By  a  Star  or  a  Planet. 

713    The  Observation  is  the  same  as  for  the  sun,  No.  706. 

714.  Tlic  Computation.  (1.)  Having  the  error  of  the  watch  on 
M.T.,  find  the  Greenwich  Date.  Reduce  thereto  the  Sidereal  Tium 
At  mean  noon,  and  also  the  R.A.  and  decl. ;  and  for  a  planet,  the 
hor.  par. 

(2.)  Find  the  hour-angle  at  each  alt.  and  proceed  as  for  the  sun. 

When  the  watch  shews  Sid.  Time,  the  hour-angles  are  obtained 
AC  once, 

7)5.  The  stars  near  the  poles,  and  especially  the  pole-star,  are 
the  best  adapted  to  this  observation ;  because,  from  the  slowness  oi 
me  motion  in  altitude,  an  error  of  time  produces  but  little  error  in 
the  Reduction. 

716.  Errors  of  altitude,  of  whatever  kind,  are  removed  by  em- 
ploying two  bodies  on  opposite  sides  of  the  zenith,  and  at  equal 
altitudes.  A  single  result,  even  though  obtained  with  the  circle,  and 
without  the  roof,  cannot  accordingly  be  considered  definitive  when 
extreme  precision  is  required. 

717.  Therefore,  in  the  northern  hemisphere  the  best  south 
stars  to  pair  with  Polaris  are  those  whose  meridian  altitudes  are 
about  the  same  as  the  latitude  of  the  place; 

Similarly,  in  taking  Lunars,  stars  lying  at  about  equal  dis- 
tances, east  and  west  of  the  moon,  should  be  chosen.  See  No.  861« 

III.  By  Double  Altitude  of  the  Sams  Body. 

718.  Two  altitudes,  of  the  same  or  different  celestial  bodies,  with 
the  interval  of  time  between  them,  constitute  an  observation  which 
is.called  a  Double  Altitude.*  The  interval  may  extend  from  a  few 
minutes  to  several  hours.     See  Sumner's  Method,  No.  1009. 

719.  When  a  double  altitude  of  the  same  body  is  taken,  the 
precepts  below  will  be  convenient  in  directing  the  method  of  solution 
proper  for  the  case. 

Also,  when  a  first  altitude  has  been  obtained,  the  observer  will 
find,  on  referring  to  the  numbers  indicated,  under  the  heads  Observa- 
tion and  Limits*  instructions  how  to  complete  the  observation  in  the. 
manner  adapted  to  the  circumstances. 

Selection  of  the  Method  of  Solution. 

When  both  alt*,  are  not  far  from  the  meridian,  on  the  same  side,  No.  729 ;  on  different 
tides.  No.  731 ;  in  a  doubtful  case.  No.  728. 

When  one  alt.  is  near  the  meridian,  No.  737. 

When  neither  alt.  is  near  the  meridian.  If  the  lat  by  ace.  is  not  greatly  in  error,  No. 
746.     If  it  is  greatly  in  error,  or  if  it  is  proposed  to  do  without  it,  No.  757. 

*  This  is  the  old-established  term ;  it  is.  however,  defective,  inasmuch  as  the  word  double 
means  twice  the  tame.  Since  the  process  involves  two  altitudes  used  in  combination  with 
one  another,  the  term  which  would  naturally  suggest  itself  is  Combined  Altitude* ;  we  should 
tlien  have,  accordingly,  combined  altitudes  of  the  same  or  different  bodies,  and  of  long  or 
short  intervals.  This  term,  therefore,  which  is  accurate  as  respects  definition,  would  be  clea- 
and  descriptive  in  me.  All  changes  in  nomenclature,  in  this  subject,  however,  must  be  nude 
with  caution. 
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1.  Short  Double  Altitude. 

720.  When  tbe  time  is  not  known  with  some  degree  of  precision, 
fl.e  Reduction  to  the  meridian  cannot  be  computed.  In  such  cases 
recourse  must  be  had  to  two  altitudes  separated  by  a  short  interval, 
and  not  very  distant  from  the  meridian. 

721.  The  change  of  altitude  in  a  small  interval  of  time  (No.  696) 
depends  chiefly  on  the  hour-angle  or  meridian  distance,  and  is  nearly 
I  he  same  for  a  considerable  difference  of  latitude.  Although  alti- 
tudes at  sea  are  always  more  or  less  uncertain,  yet  difference  of  alt. 
inny  often  be  obtained  with  much  precision.  If,  therefore,  the  dif- 
ference of  alt.  in  a  small  interval  of  time  be  measured  by  an  instru- 
ment, the  hour-angle  corresponding  may  be  found  by  computation. 
The  Reduction  to  the  meridian  being  then  computed  for  this  hour- 
angle.,  the  latitude  is  obtained  by  the  method  in  the  last  section. 

722.  The  error  of  the  watch  is  immaterial,  but  its  rate  should  be 
known  nearly  enough  for  measuring  the  interval  without  much 
error. 

723.  When  the  altitudes  are  observed  at  different  places,  it  is 
necessary  to  allow  for  the  ship's  run  in  the  interval. 

724.  Since  the  lat.  by  ace.  is  necessary  in  computing  the  Reduc- 
tion, the  work  should  be  repeated  when  this  lat.  is  found  to  be  very 
erroneous. 

725.  Limits.  When  both  alts,  are  taken  on  the  same  side  of  the 
merid.,  if  the  outer  alt.  fall  near  the  limits  in  Table  47,  the  Interval 
should  exceed  one -fourth  of  the  time  of  that  alt.  from  noon,  and 
should  not  be  less  than  5in.  The  observation  may  be  comprised 
within  double  the  mer.  dist.  implied  in  Table  48. 

When  the  alts,  are  taken  on  different  sides,  the  Interval  may 
vary  from  6m  to  twice  the  limit  in  Table  47. 

[1.]  Bytke&m. 

726.  The  Observation.  Observe  an  alt*  and  note,  the  time. 
Note  the  sun's  bearing  for  the  purpose  of  allowing  for  run.  After 
the  proper  interval,  No.  726,  observe  the  second  alt.  and  bearing, 
noting  the  time. 

727.  The  Computation.^  (1.)  Subtract  the  first  of  the  two  times 
from  the  second  (increased  if  necessary  by  12h);  the  rem.  is  the  In- 


*  Two  only,  or  at  most  three,  altitudes  taken  in  quick  succession  would  be  employed  in 
observations  with  a  short  interval. 

f  The  first  work  in  which  a  method  occurs  of  finding  the  latitude  by  two  altitudes 
observed  near  the  meridian  (but  restricted  to  the  $*me  tide)  with  an  interval  of  a  few 
minutes,  is  the  "  Coura  d'Obserfations  Nautiques,"  by  Ducom.  The  advan:*ge  which 
Admiral  W.  Owen  acquainted  me  that  he  had  derived  from  the  practice  of  this  method 
led  me  to  give  an  account  of  it  in  the  "  United  Service  Journal/'  vol.  x.,  together  with  a 
rule  for  adapting  it  to  longer  intervals.  Soon  after  the  account  appeared,  Commander 
Graves,  commanding  H.  M.  surveving-vesiel  Mastiff,  was  enabled,  as  he  informed  me,  by 
this  observation,  to  run  direct  for  Malta  before  the  coming  on  of  a  grecale,  or  N.  JS.  gale,  to 
which  another  ot  Her  Majesty's  ships  was  eiposed. 
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terral.  Reduce  the  dechn.  for  the  time  of  the  alt  nearest  the  mer., 
No.  579;  or  to  the  middle  of  the  interval  (that  is,  to  noon)  when  the 
alto,  are  equal. 

(2.)  Correct  the  altitudes,  No  648  or  649.  Also  correct  the 
Interval  by  watch  for  the  rate,  if  this  is  very  large. 

When  the  sun  is  rising  or  falling  at  both  observations,  proceed 
by  Case  I.,  No.  729 ;  when  rising  at  one  observation,  and  falling  at 
the  other,  proceed  by  Case  II.,  No.  731. 

728.  \\  hen  sufficient  time  is  not  afforded  to  perceive  the  rising 
or  falling  of  the  sun,  and  when  it  is  not  known  otherwise  whether 
the  altitudes  are  taken  on  the  same  or  on  different  sides  of  the 
meridian,  proceed  thus: 

Consider  the  interval*  as  a  time  from  noon;  and  compute  the 
Reduction  to  it;  then, 

If  the  Reduction  is  less  than  the  diff.  of  alts.,  the  observations 
are  on  the  same  side ;  if  the  Reduction  is  the  greater,  they  are  on 
different  sides. 

Hence,  if  the  Reduction  is  equal  to  the  diff.  of  alts.,  one  of  the 
alts,  is  the  meridian  altitude. 

No  great  precision  is  to  be  expected,  as  the  rules  are  onlj 
approximate.     In  a  doubtful  case  use  either. 

729.  Case  I.    The  observations  on  the  same  side  of  the  meridian. 
(1.)  When  the  alts,  are  both  a.m.  reduce  the  1st  to  the  place  of 

the  2d,  No.  661 ;  when  they  are  both  p.m.  reduce  the  2d  to  the  place 
of  the  1st,  No.  662.f  Find  the  diff.  of  the  alts,  and  their  mean. 
Correct  the  diff.  alts,  and  the  interval  by  the  Table,  p.  223. 

(2.)  Add  together  the  log.  sine  of  the  diff.  of  alts.,  the  log.  eosec. 
of  the  interval,  the  log.  sec.  of  the  lat.,  the  log.  sec.  of  the  decl.,  and 
the  log.  cos.  of  the  mean  alt. :  the  sum  (rejecting  tens)  is  the  log.  sine 
of  the  hour-angle,  approximately,  at  the  middle  time  between  the  two 
observations. 

(3.)  From  this  time  subtract  half  the  interval :  the  remainder  is 
the  time  from  noon  of  the  altitude  nearest  the  meridian. 

(4.)  To  this  time  compute  the  Reduction,  which  apply  to  the  alt. 
nearest  the  meridian,  and  proceed  by  No.  700  (5) :  the  result  is  the 
latitude  at  the  time  and  place  where  the  alt.  nearest  the  meridian 
was  observed  .J  m 

*  It  is  proper  to  remark  here,  that  the  interval  between  two  observations  of  the  boh 
should,  m  strictness,  be  measured  in  apparent  time,  instead  of  mean  time,  which  is  shewn  by 
the  watch.  To  correct  the  interval  on  this  account,  find  the  change  of  the  Eq.  of  T.  for  the 
interval.  When  the  Eq.  is  additive,  if  it  is  increasing,  subtract  the  change ;  if  decreasing, 
add  it;  and  the  contrary  when  the  Eq  is  subtractwe.  In  the  short  double  alt,  however, 
this  correction  is  insensible,  and  in  long  intervals  the  result  is  of  so  inferior  a  kind  that 
the  trifling  accuracy  gained  by  this  process  can  rarely  be  worth  the  trouble  bestowed 
upon  it. 

f  This  reduction  is  of  particular  consequence  in  this  observation,  because  the  accuracy  of 
the  result  depends  on  that  of  the  difference  of  altitudes. 

t  This  observation,  which  affords  the  latitude,  the  app.  time  near  enough  for  common 
purposes,  and  thence  an  approximate  long,  by  chronometer,  with  the  azimuth  (No.  67S),  and 
cyatquyntty  the  variation  of  the  compass,  will,  it  is  presumed,  be  found  one  of  the  most 
useful  observations  that  can  be  made  at  sea,  especially  in  high  latitudes. 

0 
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£s.  1    Oct  9th.  1878,  a.m.,  lat  ace  34°  55' N»  1°"S*  *«*  *••  b*1  lowing 
height  of  eye  16  feet,  ind.  corr.  +  3' 

T.byWatcft  n*  i*"5i* 

Ditto  n    43     4 

Interval  30   '»     ™*™_LLI '3  _o5_ 

Halflnt  i«     6  1L. 


«5     < 

Dec!,  noon       6°  19'  6. 
Corr.  6i°W.      +4 
Red.  DecL       6  23  S. 

D.  AlU.        i°  9'  10' 

Ink  3°"  "*• 

Lat  34°  55' 
Decl.  6  13 

Alt.  mean  47   36 

Mid.T.  ^9n  * 

i  Int.  15     6 
T.  fr.  noon 


Alt.Q    46°  47'  5°'  _      ft      , 

Ind.  corr.    +    3  Alt  Q  470  57 

Table  38     +  n  *  3 

50  +  ii 


Greater  Alt      48    1 1 


480  "' 

47 1 


o' 

50 


Mean  Alt 
Diff.  Alt. 


47    36 


tine  8-3036 
cosec.  08814 
sec.  0*086* 
sec  0*0027 
cos.  9-8289 
sine     9*1028 


14     2  (of  the  greater  alt.) 


Lat35°fdecL6{°,Tahh70 

i4w  2*     sin.  sq. 


Greater  Alt 
Mer.  Alt. 

Red.  Decl. 
Lat. 


48 


8* 
11 


9    JO 


0391 
6972 


7'3*3 


48    '9 


41   41  N. 
6  23  S. 


35 


i*N. 


(The  Red.  for  the  interval  30"*  12*  is  37',  which  being  /ear  than  69',  shows  the  obeenra* 
tlons  to  be  on  the  same  side  of  the  meridian,  if  this  were  doubtful.     No.  728.) 
The  2d  Red.  is  not  worth  notice.     Repeating  the  work  gives  35°  18'  N. 
Ex.  2.  Aug.  4th,  1878,  lat.  ace.  410  54'  N.,  long.  39°  W.,  obtained  true  alt  0  63°  5 7'- 51 


after   •••  12"  true 

alt 

640  32^5  (allowing  for 

run).     Red.  decl.  17°  11'  N. ; 

mean 

*4°  15';  difT.  alts.  35*0 

35'    0' 

sm.       8*0078 

Lat  420  N.f  decl.  170  N. 

0*527 

II"  12s 

cosec.    1*3111 

23*40*           sin.  sq. 

7  4*5 

♦'"  $V 

sec.      0-1282 

o°  31'                  sin. 

7*95* 

17     12 

sec.       0*0199 

64   33 

64     15 

00a.       9*6379 

65     4 

Mid.T.  29" 
ilnt    -5 

•i6« 
36 

sin.   9' 1049 

Whence  Lat.  420  8'  N. 

23   40  The  2d  Red.  is  not  worth  notice. 

(The  Red.  for  1 1-  it-  is  6'-o,  which  ia  less  than  35^0.     See  No.  728.) 

Ex.  3.  Aug.  nth,  1*26,  a.m.,  lat.  by  ace.  470  N.,  long.  13°  W.t  obtained  true  alt  0 
550  4 i'*o,  bearing  S.f  course  E.  by  N.  7  knots ;  after  12"  14^  obtained  true  alt  ©  56 '  37't) 
1st  alt.  corrected  for  run,  550  4i'*6,  mean  alt.  560  1  i',  dut.  alts.  56'*3,  reduced  decl.  1 50  23'  N 
Corrections,  p.  205,  o. 

The  mid.  time  from  noon  is  ih  o*  14'.  Reduction  20  0%  mer.  alt  58°  34I'.  Lat. 
46°4*f  N. 

The  2d  Red.  by  Table  48,  alt.  58*,  U  1'  for  Red.  i°  S.f  and  therefore  for  Red.  i°  54'  it 
exceeds  1'. 

730.  Degree  of  Dependence.  The  smaller  the  hour-angle,  the 
Jess  is  the  effect  of  error  in  the  D.  alts.  As  the  interval  may,  from 
its  small  ness,  be  assumed  to  be  correctly  measured,  the  value  of  the 
result  depends  chiefly  on  the  difference  of  alts.,  and  may  be  estimated 
by  finding  the  effect  of  an  error  of  V  in  the  diff.  of  alts.,  which  is 
easily  done.  Divide  the  middle  time  by  the  diff.  of  alts.,  both  in 
minutes:  the  quotient  is  the  number  of  minutes  of  error  in  the  time 
from  noon,  caused  by  1' error  in  the  diff.  of  alts.:  the  case  now 
becomes  that  of  an  error  in  the  Reduction  itself,  No.  704.* 

Ei.  In  Ex.  3,  above,  60*  divided  by  56'  gives  i"*i,  which  is  the  error  in  the  time  from 
noon,  supposing  56'  to  be  i'  in  error.  Now,  by  inspecting  Table  47,  lat  470  and  decl.  15°, 
(mum  name)  give  %jm  as  the  limit,  or  time  from  noon  at  which  1"  error  of  time  causes  2 


•  When  the  lat.  i*.  found  to  have  been  very  erroneous,  repetition  is  very  easily  effected, 
M  the  sec.  lit.  is  the  only  log.  in  729  (2)  that  changes. 
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error  in  the  redaction  •  hence  i"i  error  at  ik  from  noon  wiH  cause  about  tf  error  to  the 
Reduction,  and  therefore  in  the  latitude. 

Thin  example  is  not  an  eligible  one,  since  iam  ia  only  i-5th  of  i\  instead  of  being  not 
lew  than  1.4th.     See  No.  725. 

73.1.  Case  II.  Observations  on  different  sides  of  the  meridian. 

(1.)  Reduce  the  alts,  to  the  place  of  the  alt.  nearest  the  meridian, 
No.  601  or  662.  Find  the  diff.  of  alts.;  correct  it  and  the  half 
interval,  when  necessary,  by  the  Table,  p.  223. 

(2.)  To  the  arith.  comp.  of  the  log.  in  Tab.  70  add  the  leg.  sine 
of  the  diff.  of  alts,  and  the  log.  cosec.  of  half  the  interval :  the  sum  is 
the  log.  sine  of  half  the  diff.  of  the  times  from  noon  corresponding  to 
the  two  altitudes. 

(3.)  Subtract  this  half  difl.  from  the  half  interval :  the  remainder 
is  the  time  from  noon  (or  merid.  dist.)  of  the  alt.  nearest  the 
meridian. 

(4.)  Compute  the  Reduction  to  this  time,  and  apply  it  to  the  alt 
nearest  the  meridian,  and  proceed  as  directed,  No.  700.  Tlie 
result  is  the  latitude  at  the  time  and  place  where  the  alt.  nearest  the 
meridian  was  observed. 

fix.  1.   April  3d,  18',  8,  lat  by  ace.  460  2'  N.,  long.  170  WM  the  true  aid.  of  the  sun 
to  the  southward,   reduced  to  laat  place  of  observation  as  below.     Red.  decl.  5°  23'  N, 


Times  by  Watch  2k   o"  54" 
»   35    S* 
Interval  34  58 

Lat.  46°,  decL  5°,  ar.  co.  log.  9676 
Diff.  alts.  13'  1  3"  am.  7*590 
Half.  int.  17*  19*  cosec.  i*n8 
Half,  diff.- $   33  sin.  8-384 

T.  fr.  nooa     ii  56  (of  greater  alt.) 


true  alt.  490  10'  30"  a.m.,  or  rising. 
49135  3    p.m.,  or  falling. 
diff.  alt.         TfTz 

I*t  460,  decl.  50,    log.  0-324 
n»  56*  ijn.sq.  6*831 

Red.        o°   5'      tin.  7*155 
Gr.  alt  49  14 
Mer.  alt.  49  29 
whfeh  given  the  Lat.  45°  54'  N. 


Ex.  2.  H.M.8.  Leven,  Aug.  10th,  1826,  lat  by  ace.  460  N.,  long.  1 50  W.,  obtained  trot 
tdt.  0  590  57'*i ;  after  i8*»  42"  true  alt  590  %</'  5,  the  ship  having  little  or  no  way.  Reduced 
decl.  at  1st  alt  15*40  N. 


46°  and  16°,  ar.  co.  log.  9*573 
Diff.  alts.    36'  42"  sin.  8*028 

Half  int         H*"  2 1*  cosec.  1*204 
Half  diff.        14    39       sin.  *'io$ 

This  small  excess  of  the  computed  \  diff. 


over  the  \  interval  (which  should  be  the 
greater)  is  due  to  the  error  of  the  method 
itself,  which  becomes  apparent  in  a  long 
interval,  and  it  shews  that  the  alt.  590  57'*  2 
is  very  nearly  the  mer.  alt  This  gives  the 
Lat^S^'n. 


Ex.  3.    Dec.  23d,  1825,  lat.  by  ace.  8°  S.,  observed  true  alts.  ©  74°  26'  a.m.  and  74°  is}4 
t*.M.,  with  the  interval  36-  37*.     Reduced  decl.  23°  2/  S. 


Ar.  co.  log. 

9168 

C832 

10' sin. 

7-464 

17- 4«        7*142 

18-  i8« 

oosec 

1*098 

Red.   o°  32'        sin.  7*974 

-1     '4 

sin. 

7730 

-1        (Table  48.) 

«7     4 

74  *6 

75  S7 

The  Lat  is  8°  24'  S.    This  Ex.  is  far 
without  the  limits,  Table  47. 

Ex.  4.  Aug.  9th,  1826,  lat.  by  ace.  45°N.,  long.  150  W„  a.m.,  obtained  true  alt.  © 
•o°  i9'*5.  After  52"  27*  obtained  true  alt.  6o°  30'.  The  1st  alt.  reduced  for  1'  northing 
made  good  in  the  interval  is  6o°  28-5. 

The  diff.  alts.  i'*5  and  a  half  interval  26"  16*  give  half  diff.  19* ;  the  Red.  is  31',  aftdmer. 
alt   6i°  i\  which,  with  reduced  decl.  15°  57'  NM  give  Lat.  44°  56'  N. 
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732.  When  the  alts,  are  equal,  the  half  interval  is  the  time  from 
noon. 

733.  Degree  of  Dependence.  It  would  not  be  easy  to  give  a 
concise  rule  for  this  in  long  intervals.  The  rule  No.  730  applies 
very  nearly  in  short  and  moderate  intervals,  using,  instead  of  the 
"middle  time,"  the  time  from  noon  of  the  alt.  nearest  the  meridian. 

[2.]  ShortDouble  Altitude  of  a  Star. 

734.  Increase  the  interval  by  1*  for  every  6™.  Take  the  dccl. 
from  the  Nautical  Almanac,  or  Table  63.  In  other  respects  proceed 
as  for  the  sun. 

[3.]  Short  Double  Altitude  of  a  Planet. 

735.  Find  the  Greenwich  Date  for  the  middle  of  the  interval, 
and  reduce  the  decl.  Find  the  daily  variation  of  R.  A.,  and  deduce 
by  Table  21  the  change  of  R.A.  for  the  interval.  When  the  R.A.  is 
increasing y  subtract  this  change  from  the  interval ;  when  decreasing, 
add  it.  Increase  the  interval  by  the  acceleration  upon  it.  In  other 
respects  proceed  as  for  the  sun. 

As  the  R.  A.  and  decl.  of  a  planet  sometimes  change  very  slowly; 
much  of  the  above  labour  is  not  always  necessary :  particular  rules 
for  all  such  cases  would,  however,  be  superfluous. 

[4.]  Bu  the  Moon. 

736.  Find  the  Greenwich  Date  as  nearly  as  possible  at  each 
observation,  and  compute  the  R.A.  Subtract  from  the  interval  the 
change  of  R.A.,  and  add  to  it  the  acceleration.  Reduce  the  decl.  to 
the  middle  of  the  interval,  as  also  the  hor.  par.  and  seinid.  In  other 
respects  proceed  as  for  the  sun. 

As  a  proper  allowance  for  a  considerable  change  of  declination 
would  complicate  the  rule,  the  moon  can  be  employed  satisfactorily 
in  this  observation  only  in  cases  of  very  short  intervals,  and  when 
her  declination  changes  slowly. 

2.  Double  Altitude,  one  Altitude  being  near  the  Meridian. 

737.  When  one  of  two  altitudes  is  taken  near  the  meridian,  and 
the  other  when  the  body  has  a  large  azimuth,  the  outer  hour-angle 
(or  that  corresponding  to  the  altitude  furthest  from  the  meridian) 
may  be  computed  nearly  (No.  614),  since  it  will  not  be  much  affected 
by  an  error  in  the  latitude  by  account.*  The  difference  of  the  hour- 
angles  being  afforded  by  the  measured  interval  of  time,  the  other,  or 
inner  hour-angle,  is  found;  and  the  Reduction  being  computed 
thereto,  the  mer.  alt.  is  deduced.     See  Nos.  722  and  723. 

738.  Limits.  The  inner  alt.  must  be  within  the  limits  in  Table  47, 
and  the  outer  angle  should  be  as  nearly  E.  or  W.  as  possible. 

When  the  outer  bearing  is  not  near  E.  or  W-,  the  outer  hour* 

•  The  latitude  by  account,  in  caaes  in  which  the  ship's  chance  of  ptae*  fc  considerable* 
iftfcft  of  count,  to  the  place  to  which  the  alts,  are  reduced. 


FINDING  THE  LATITUDE.  261 

angle  may  be  sensibly  affected  by  the  error  of  the  lat  by  aoc ;  and 
if  die  inner  hour-angle  be  not  very  small,  the  work  may  require  to 
be  repeated. 

[1.]  Bf  ike  am. 

739.  The  Observation.  Observe  the  sun's  alt,  noting  the  time 
and  the  bearing.  After  a  sufficient  interval  (No.  738)  observe  the 
second  altitude.     See  note  to  No.  726. 

740.  The  Computation.  (1.)  Reduce  the  decl.  at  both  observa- 
tions, either  by  Table  19,  No.  579,  or  by  the  Green.  Date,  No.  580, 
and  find  the  outer  pol.  dist 

(2.)  Correct  the  interval  for  the  rate  of  the  watch  when  large. 

Correct  the  altitudes. 

When  both  observations  are  a.m.,  reduce  the  1st  alt.  to  the  2d 
place  of  observation,  No.  661.  When  both  observations  are  p.m., 
reduce  the  2d  alt.  to  the  place  of  the  1st,  No  662.  When  one 
observation  is  a.m.,  and  the  other  p.m.,  reduce  the  alts,  to  the  place 
of  the  alt.  nearest  the  meridian. 

(3.)  With  the  outer  alt.,  the  lat.  by  ace,  and  the  outer  pol.  dist., 
compute  the  hour-angle,  No.  614. 

(4.)  Take  the  dift.  between  this  hour-angle  and  the  interval :  this 
is  the  inner  hour-angle. 

(5.)  With  this  hour-angle  compute  the  Reduction  to  the  meridian 
and  apply  it  (No.  700  (4)  and  (5)),  to  the  alt  nearest  the  merid. 
The  decl.  which  is  to  be  applied  to  the  mer.  sen.  dist  is  that  reduced 
*o  the  time  of  the  alt  nearest  the  meridian. 

Ex.  I.  Julv  23d,  1878,  lat  by  ace.  540  57'  N.f  long.  i°  25*  W.,  at  about  7*  o*  a.m.  i 
•bs.  ah.  Q  24*  30  ,  bearing  E.  by  S.  by  compass ;  4h  30m  12s  afterwards  obs.  alt.  Q  54°  *6't 
sovrse  S.&.E.,  rate  4*5  knots  ;  ind.  con*.  -1-  2',  eye  18  feet :  required  the  Lat.  at  2d  obs. 

From  S.S.E.  to  R.  by  S.,  or  $  pts.t  and  dist.  in  interval  20'* 3  give  con*,  of  ilt.  ♦  1 1 . 


Decl.  23d  at  noon 
Long.  i°     —  o'i 
Sh  0*           +  3  J 

ao"   4'N. 

A*.            «4°  53 
I*«.             54   57 
P.  Dist.       69  53 

49   58 
Hour-an.    5*    o^^* 
Interval      4   30    12 
Inn.  H.-an.     30     a 
Lat.  550  Decl.  20D(# 
Red.               +  28' 
54   39 
Mer.  Alt.     55     7 
Zen.  Dist.   34    53  N. 
Decl.            20      f>  N. 
1             Lat.     "54    58  N. 

sec.     0*24086 
corec.  0*027:4 

1st  Red.  Decl. 
Int.  4h  30" 
id  Red  Decl. 

Obs.  Alt.  240  30', 
Ind.  cor.  +   i'l 
Tab.  38    +10  J    *Ia 

20      7 
—  2 
20     5 
Obs.  Alt.  540  26' 

+  11  )           '* 
2d  Alt.    54   39 

r.  is  here  the  2d.) 

cos.     94 172s 

sine     9-8X404    " 
sin  sq.  9  56946 

sin.  sq.      7*6  ;a 
ame  name)       0-274 

24  42 
Corr.  for  ion       «t*n 
ist  Alt.             24  53 
(The  Alt  nearest  Me 

sin.     7*906 

Is.  t.  April  3d,  1878,  1st.  by  ace  46*  7'  N.,  long.  140  W.  at  about  8*  10"  a.m.  <*•, 
mat  0  260  10',  sun  S.E.  ;  3*  26"  35*  afterwards  (corrected  for  rate)  obs.  alt  0  490  8'  fc» 
tire  southward  ;  course  W. ;  rate  6-8  knots ;  index  —3' :  eye  16  feet :  find  Lat.  at  2d  obs. 

From  W.  to  S.E.  is  12  j>ts. ;  4  pU.  and  dist  si/i  g|f«  ootr.  of  1st  ait  -  16'.    Ts»  1st 
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red  decl.  50  oo'N.;  the  2d,  50  13  N. ;  the  1st  alt  (corr.  for  ran).  160  1';  id  alt. 
490  16'.      A 

AH.  260  1',  lat.  460  7',  and  P.  dist.  84°4o\  give  hour-angle  3*  49"  41*,  hence  inn. 
hour-angle  2  3""    6»  and  Red.  +  18',  Lat.  450  49'  N. 

Ex.  3.  Dec  30th,  1825,  lat.  br  ace.  8°  S.,  long.  6°  W.,  at  abont  4*  8"  16*  hy  watch,  the 
mean  of  3  alts.  Q  49°  9'*4»  bearing  S.  440  E.  magnetic,  course  W.N.W.  6  knots ;  at 
6h  1 8"  52*  mean  ota  alts.  Q  730  39',  the  watch  losing  4**5  an  hour  on  the  chron.,  and  the 
chron.  gaining  6*6  a- day  ;  height  of  eye,  16  feet ;  ind.  corr.  +  1' ;  reduced  dec).  230  1 1'  S. 

In  the  interral,  a^,  the  chron.  gained  about  i-ioth  of  6**6  or  0*7,  and  the  watch  lost 
10**1  ob  the  chron. )  the  measured  interral  must  therefore  be  increased  by  o**4,  and  becomes 
%h  io«45». 

From  W.N.W.  to  8.  440  E.  is  1560 ;  course  240  and  dist.  13  miles  gtte  D.  Lat.  1  T'9,  to 
fee  eubtratUd  from  the  lat  alt. 

Alt.  400  10',  let  8°  1',  and  pol.  dist.  66°  49',  ghre  enter  hour-angle  2*  38"  16*;  the  din*. 
of  this  and  2h  10"*  45s,  or  27"  3  r»,  is  the  inner  hour-angle!  which,  with  ah.  730  51',  reductioa 
1°  %i.  and  2d  reduction  4%  ghre  Lat.  8°  26'  S. 

[2.]  Double  Altitude  of  a  Star,  one  Alt.  near  the  Meridian. 

741.  Increase  the  interval  by  10*  for  each  hour.  Take  the  decl. 
from  the  Nautical  Almanac,  or  from  Table  63.  In  other  respect* 
proceed  as  for  the  sun. 

[3.]  Double  Altitude  of  a  Planet,  one  Alt.  near  the  Meridian. 

742.  Find  the  Green.  Date  at  each  observation,  and  reduce  to  it 
the  R.A.  and  decl.  Apply  the  change  of  R.A.  to  the  interval,  as 
directed  No.  735,  and  add  to  the  interval  the  acceleration  upon  it 
Proceed  as  for  the  sun. 

[4.]  Double  Altitude  of  the  Moon,  one  Alt.  near  the  Meridian. 

743.  Proceed  by  No.  736  as  far  as  adding  the  acceleration. 
Reduce  the  decl.  to  each  Gr.  Date,  and  the  hor.  par.  and  semid.  to 
that  nearest  the  meridian.     Proceed  as  for  the  sun. 

744.  The  moon  may  be  advantageously  employed  for  this  pur- 
pose when  the  Greenwich  Time  can  be  nearly  ascertained,  and  in  all 
cases  when  near  her  maximum  declination,  because  her  polar  distance 
may  then  be  very  nearly  computed. 

745.  Degree  of  Dependance.  The  error  of  the  inner  hour-angle 
is  the  same  as  that  of  the  outer  one,  which,  when  the  body  is  near  E. 
«r  W.,  will  be  very  small,  even  when  the  lat.  by  ace.  is  considerably 
in  error. 

3.  Double  Altitude,  neither  Altitude  being  near  the  Meridian. 

746.  When  neither  altitude  is  near  the  meridian,  the  computation 
is  different  from  those  hitherto  given,  of  which  the  object  is  to  find 
the  meridian  altitude. 

We  shall  give,  1st,  an  approximate  method,  the  object  of  which  is 
to  find  the  correction  of  the  lat.  by  ace. ;  and,  2d,  the  rigorous  method, 
the  object  of  which  is  to  find  the  latitude  itself  directly,  both  in 
Ivory's  form  (suited  to  the  case  in  which  the  decl.  is  the  same  at  both 
observations)  and  in  a  general  form. 

747.  The  principle  of  the  approximate  method  will  easily  1* 
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understood.  Suppose  the  time*  to  be  computed  at  each  observation, 
then,  if  the  interval  between  these  computed  times  agrees  with  that 
actually  shewn  by  a  good  watch,  the  latitude  by  ace.  (which  is  an 
clement  of  the  calculation  of  the  time)  is  obviously  correct ,  but  if 
on  the  other  hand,  the  computed  interval  does  not  agree  with  the 
interval  by  the  watch,  the  disagreement  indicates  an  error  in  the 
latitude  by  acc.,f  the  amount  of  which  is  to  be  computed. 

748.  When  the  correction  of  the  lat.  by  ace.  exceeds  K/  or  15', 
it  may,  generally,  be  advisable  to  repeat  the  computation ;  but  when 
it  is  less  than  4'  or  5'  it  may  be  considered  rather  as  confirming  the 
lat.  by  ace.  within  this  limit,  than  as  correcting  it  by  so  small  a 
quantity. 

See,  also,  Nos.  722  and  723,  which  apply  to  this  observation. 

749.  Limits.  An  observation  that  is  usually  a  substitute  for  a 
better,  which  the  state  of  the  weather  has  prevented,  or  seems  likely 
to  prevent,  from  being  obtained,  must  be  taken  when  it  offers  itself; 
but  when  there  is  a  choice  of  observations,  the  limits  are  as  follows: — 

(1.)  When  the  observations  are  on  the  same  side  of  the  meridian, 
the  difference  of  bearing  at  the  two  observations  should  exceed  the 
lesser  true  bearing. 

(2.)  When  on  different  sides  of  the  meridian,  the  supplement  of 
the  diflf.  of  bearing  should  exceed  the  lesser  true  bearing. 
The  diff.  of  bearing  should,  when  possible,  be  90°. 

760.  The  simplest  case  in  computation.  This  will  of  course  be 
selected  when  the  weather  allows  a  choice  of  observations. 

In  N.  lat.  both  altitudes  are  to  be  taken  to  the  southward  of  E. 
or  W.  (or  the  prime  vertical);  in  S.  lat.  both  are  to  be  taken  to  the 
northward  of  E.  or  W. 

When  the  lat.  and  decl.  are  of  contrary  names,  the  simple  case  is 
the  only  one  that  offers  itself,  and  therefore  applies  to  the  sun  during 
the  six  months  which  include  the  winter.  When  the  lat.  and  decl. 
are  of  the  same  name,  the  hour-angle  at  each  observation  is  to  be  less 
than  the  hour-angle  hi  Table  29,  or  the  altitude  is  to  be  greater  than 
the  alt  in  that  Table. 

[1.]  Double  Altitude  of  the  S*x. 

751.  The  Observation.  Take  the  alt.  (see  note  to  No.  726), 
noting  the  time,  and  the  true  bearing.  After  the  proper  change  of 
bearing  take  the  other  altitude,  noting  the  time. 

As  waiting  for  the  proper  change  of  bearing  may  risk  the  loss  of 
the  2d  alt.  it  will  be  prudent  to  provide  an  altitude  earlier  to  serve 
in  case  of  accident. 


*  As  the  hoar-angles  only  are  here  concerned,  the  consideration  of  Time,  as  found  by 
observation,  will  present  no  difficulty  to  a  learner. 

t  Admiral  Sir  Edward  Owen  informed  me,  that  when  in  the  North  Sea  he  made  constant 
vae  of  the  method  of  finding  the  lat.  by  the  discrepancy  of  the  computed  times,  as  he  found 
ir  much  more  convenient  in  practice,  in  cases  where  it  was  necessary  to  profit  by  every  oppor- 
tunity of  observation,  than  any  solution  of  the  Double  Altitude  as  a  question  of  latitude  only. 
In  Lynn's  Tables  the  same  problem  is  worked  by  trial  and  error.  In  Capt.  Owen's  journals 
the  observation,  solved  upon  the  same  principle  as  that  here  adopted,  constantly  occurs. 
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Note  at  each  observation  whether  the  sun  is  to  tne  northward  or 
to  the  southward  of  £.  and  W. 

An  example  will  shew  how  to  select  the  simple  case. 

Ex.  1.    Oct  3d,  lat.  25°  N.    The  lat.  is  N.  and  declin.  south,  and  it  is  the  simple  < 


Ex.  2.  Sept.  ist,  lat.  400  N.  The  decl.  is  8°  N. ;  hence  (Table  29)  the  1st  alt.  must  be 
taken  after  6h  39"  a.m.  (which  is  the  suppl.  to  nk  of  the  hour-angle  5b  21"),  and  the  2d 
More  5k  21"  p.m.  (A.  T.) ;  or  each  alt.  of  the  centre  must  exceed  i2°*5. 

752.   The  Computation.     The  apjtroximate  method.* 

If  the  difference  of  azimuth  is  not  considerable  this  method 
should  not  be  employed.  In  low  lats.  it  will  accordingly  be  less 
serviceable  than  in  high  latitudes  The  proper  limits  for  the  solu- 
tion will  be  seen  on  inspecting  Table  71;  cases  outside  the  limits 
should  be  rejected,  and  those  bordering  on  them  employed  with 
caution,  especially  if  the  error  of  the  latitude  by  account  is  large. 

(1.)  Find  the  Green.  Date  at  the  first  observation.  Reduce  the 
declin.  to  each  time  of  observation.  For  the  sun,  it  is  immaterial 
whether  app.  time  or  mean  time  be  used.  In  general  at  sea  app. 
time  will  be  preferable,  because  when  the  observation  confirms  the 
lat.  by  ace.  the  apparent  time  at  ship  is  determined.  Find  the  polar 
distances  (No.  443). 

(2.)  If  the  rate  of  the  watch  is  large,  correct  the  interval  for 
it.  Correct  the  alts,  and  reduce  the  1st  alt.  to  the  2d  place  of 
observation^  No  661. 

(3.)  With  the  alt.,  lat.  by  ace,  and  pol.  dist.,  compute  the  hour- 
angle  at  each  observation,  No.  614. 

(4.)  When  the  observations  are  on  the  same  side  of  the  meridian, 
take  the  difference  of  the  hour-angles;  when  on  opposite  sides,  their 
sum.  If  this  ditf.  or  sum  agrees  with  the  interval  bv  watch  within 
10*,  or  even  20\  provided  the  difference  of  azimuth  is  considerable, 
the  lat.  is  confirmed,  and  the  time  is  also  obtained,  nearly  enough  in 
the  open  sea.     If  they  do  not  agree,  proceed  thus: — 

(5.)  In  N  lat.  if  the  body  at  both  observations  is  to  the  south- 
ward  of  E.  or  W„  it  is  the  simple  case  (No.  750) ;  if  the  body  is  to 
the  nor/Award  of  E.  or  \V.,  mark  such  hour-angle  V. 

In  S.  lat.,  if  the  body  at  both  observations  is  to  the  worfAward  of 

*  This  method,  besides  affording  the  time  when  the  lat.  by  ace  is  not  very  erroneous, 
employs  the  azimuths,  which  in  practice  is  a  considerable  advantage,  since  the  azimuth  is  the 
means  of  determining  the  degree  of  dependence  of  the  lat.  by  double  altitude. 

t  As  some  misunderstanding  has  prevailed  upon  the  necessity  of  correcting  the  interval 
of  time  for  the  chmnge  of  longitude  of  the  ship,  the  following  illustration,  which  was  given  in 
Answer  to  the  question,  in  the  Nautical  Magazine,  1840,  is  here  inserted : — 

Suppose  at  a  place  A,  at  10  a.m.,  the  sun's  alt.  is  observed  13"  18',  and  3h  40"  afterwards 
a  2d  alt.  is  observed.     These  two  alts,  with  the  interval  3b  40"  afford  the  latitude  of  A. 

Again,  suppose  at  a  place  B  an  observer  had  obtained  the  alt.  at  10  a.m.,  or  exactly  at 
the  same  instant  the  observer  at  A  took  his  1st  alt.,  and  3h  40*  afterwards  he  obtains  his 
2d  alt.  14°  15  .  These  two  alts,  with  the  interval  3h  40-  afford  the  lat.  of  B.  Now  suppose 
a  ship  had  left  A  at  10  a.m.,  having  obtained  the  1st  alt  13°  18',  and  at  the  end  of  3*  40- 
she  arrives  at  B,  where  she  obtains  her  2d  alt  14'  15';  then  she  has  the  given  interval 
3'1  401U  with  the  2d  alt.  14°  15';  and  it  is  clear  that  by  reducing  the  1st  alt.  observed  at  A, 
or  13  18',  to  what  it  would  have  been  if  observed  at  B  (that  is,  in  other  words,  correcting  the 
1st  alt.  for  the  mere  change  of  place),  she  has  precisely  the  elements  for  determining  the  lat. 
»f  B.  which  is  required. 

Thus,  when  the  interval  is  measured  by  a  watch,  no  correction  for  longituda  1 
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E.  or  W.9  it  is  the  simple  case ;  if  the  body  is  to  the  southward  of  E, 
or  W.,  mark  buch  hour- angle  V. 

If  the  bearing  has  not  been  observed,  or  if  it  is  doubtful,  look  in 
Table  29 ;  then,  if  the  computed  hour-angle  exceeds  the  hour-angle 
in  the  Table,  mark  it  V ;  if  the  comp.  hour-angle  is  the  lesser,  use 
no  mark.  If  both  hour-angles  are  less  than  in  Table  29,  it  is  the 
Kim  pie  case. 

(6.)  For  the  Correction  of  the  Lat.  Compute  the  azimuths  at 
each  observation,  No.  676. 

(7.)  When  the  observations  are  on  the  some  side,  both  of  the 
meridian  and  prime  vertical,  enter  Table  71,  Part  I.  with  the 
azimuths.  When  the  observations  are  on  different  sides,  either  of 
the  meridian  or  prime  vertical,  enter  Part  I  IT 

To  the  log.  from  Table  7 1  add  the  log.  sec.  of  the  lat.  by  ace, 
and  the  prop.  log.  of  the  error  of  the  interval ;  the  sum  (rejecting 
teus)  is  the  prop.  log.  of  the  correction  of  the  lat.  by  ace. 

(8.)  In  the  simple  case  (No.  750),  apply  the  correction  to  the  lat. 
by  ace.  according  to  the  following  directions: — 


Observations  on  the  tame 
side  of  the  Meridian 


Observations  on  different 
sides  of  the  Meridian 


The  Computed  Interval 
being 

the  greater    '      the  lesser 


The  Computed  Interval 
being 

the  greater    I     the  lesser 


tub. 


add 


add 


In  the  case  in  which  one  or  both  hour-angles  are  marked  V 
(No.  (5)  above),  apply  the  correction  according  to  the  directions  in 
the  next  Table. 


Observations  on  the  tame  side  of 
the  Meridian 


The  Computed  Interval  being 
the  greater  the  /ester 


Observations  on  different  sides  of 
the  Meridian 


The  Computed  Interval  being 
the  greater  the  letter 


Both    observa- 
tions on  the  same 
side  of  the 
Prime  Vertical, 
and  both  marked 
V. 


The  greater 

Hour  L  being 

with  the 


The  greater 

Hour  /.  being 

with  the 


greater 
Azim. 


add 


letter 
Azim. 


greater 
Azim. 


ntb. 


letter 
Azim. 


add 


tub. 


add 


Observations  on 

different    sides    of 

the 

Prime  Vertical, 

or  one  marked 

V. 


The  Hour  /.  V 
being  with  the 


greater 
Azim. 


tub. 


letter 
Azim. 


The  Hour  /.  V 
being  with  the 

frea/er     letter 
Azim.  1  Azim. 


The  Hour  /.  V 
being  with  the 


greater 
Azim. 


add 


add 


tub. 


add 


letter 
Azim. 


The  Hour  L  V 
being  wif  h  the 

greater]  Utter 
Azim.  I  Azim. 


tub. 


tub. 


add 
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Note.  This  second  Table,  which  contains  the  remaining  fourteen  out  of  eighties  ratea, 
muay  appear  complicated  in  its  general  aspect.  It  is,  however,  easy  of  reference  when  the 
ease  is  proposed.     For  ex. :  — 

1.  Suppose  the  observations  to  be  on  different  sides  of  the  meridian ;  of  this  point,  with 
a  long  interval,  there  can  never  be  a  doubt.     Again, 

2.  Let  them  be  on  different  sides  of  the  prime  vertical,  of  which  there  can  rarely  be  mm 
doubt. 

3.  Let  the  computed  in  ten  a  be  the  greater* 

Then  the  precept  add  or  sub.  depends  on  the  condition  that  the  hoar-angle  marked  V  *■ 
with  the  premier  or  with  the  /eater  azimuth. 


Ex.  1.  (Observ.  some  side  both  of  Mer.  and  Pr.  Vert.)   May  20th,  187S,  lat.  by  are 
400  12'  N.,  long,  6i°  W„  at  about  8h  o»  o*  a  m.,  obs.  alt.  0  35°  31*,  bearing  E.  by  S.; 
at  t  ih  8"»  32'  a.m  ,  obs.  alt.  Q  66°  58';  index  —  3',  eye  infect:  cou 
8.B.  jE.;  rate  4  knots :  required  the  Lat.  at  2d  observation. 

Prom  S.E.£E.  to  E.  by  S.,  or  2$  pis.  and  diat.  12*4*  corr.  of  1st  Alt.  + 1 1'. 


course  during  interval 


Decl.  noon,  20th, 


20°  I'  N. 


4 
62°  W. 


.;:'! 


1st  Red.  Decl. 

3h9- 
2d  Red.  Decl. 


Alt. 
Lat. 
P.  Dist. 


2C    I 
+  2 

20  3 
1st  Hour-angle. 

"51' 

12 
59 


Ait.Q 
Ind.  -  3'1 

Table  38   +  11  f 

Corr.  run 
1st  True  Alt. 


35    3* 

35   40 
♦  ii 

35   5' 


Alt 


0 
-  3 
+ 12 


35' 
40 

146 


sec. 
cosec. 


73 


37   10 
lit  11. -angle  3*1  57"  49* 


cos. 
sin. 
sin.  sq. 


0*11702 
0*02706 

946552 

939073 


Decl. 
Alt. 


1st  Azimuth, 

3h  57m  4«' 


sine  9*9351 

20w    1  era.  9  9729  Decl. 

35    51  sec.  00912  Alt. 

Azim.  8 70  sin.  9*999*  Azim. 

Correction  of  the  Latitude. 


Alt. 
Lat. 
P.  Dist. 


2d  True  Alt. 


2d  Hour-angle. 

67°    7' 

40    12  see 

69    57  co< 

«77    tl 


2d  H.  -angle 
1st     ditto 
Comput.  Int 
Interval 
Error 


88 

3« 

21 

31 

i     o»» 

qo" 

43* 

3 

57 

49 

t    3 

7 

6 

3 

8 

32 

COS. 

sin. 
sin.  sq. 


66°  5r 
♦9 


o*  1 1 701 

0*02715 

S'3775<- 
9*56440 
808607 


(the  lesser) 


1    26 
2d  Azimuth. 


50-43* 

20°      3 
67       7 

3»° 


sine 
cos. 
sec 
sin. 


9*34*4 
99728 
Q'4  IOO 
97242 


Table  71,  Part  I.,  320  and  870  90 14 

Lat.  see.  (above)  o*i  17 

*r**  26"  pro.  log.  2*099 

Corr.  of  Lat.  11'  Pro.  log.  1*230 

The  lat. being  N.,  and  both  observations  to  the  southward,  it  is  the  simple  case,  the 
obs.  being  on  the  same  side  of  the  roerid.  and  the  computed  interval  the  lesser ,  11'  is  to  be 
added  to  400  12',  which  gives  Lat.  400  23'  N. 

Ex.  2.  (Different  sides  of  Mer.)  Oct.  16th,  187S,  lat.  by  ace.  410  22'  8.,  long.  1 500  E^ 
at  about  iob  45m  a.m.  obs.  alt.  Q  530  2'  20*,  bearing  by  compass  S.E.  by  S. ;  time  by  rhron. 
6h  29"  io» ;  at  ioh  19*  6«  by  same  chron.  obs.  alt.  Q  410  1'  10*,  ind.  corr.  —3'  20' ,  height 
of  eye  14  feet ;  chron.  gaining  i%**%  daily.    Course  S?E.  by  S.  j  rate  6  knots. 

The  course  being  exactly  towards  the  sun,  the  run  in  4*  gives  24  to  be  added  to  Ift  «H 
Hit  poi  dieta,  ti°  14'  snd  8i°  10';  1st  alt.  530  35';  Vd,  410  9. 


FINDING  THE  LATITUDE  267 


AH-             51*  3* 
Lat.                4.1    22 
f  Dist.       8i    14 

tec.         0*12465 
cosec.      000508 

Alt. 
Lat. 
P.  Dbt 

41°    9' 
41    22 
8f    10 

sec.         0*12465 
coiiec.      0*00518 

176   11 

163   41 

88      5 

cos.         852434 

81    50 

cos.         9*1 5245 

34    30 

sine         9*7*3'  3 

40  4i 

sine         98 141 

at  H.. angle  ib  13" 

34*     sin.  sq.   8  40720 

3d  H. -angle 
1st    do. 

1h4Sn:33. 

'    «3   34 

sin.  sq.    9  0964 

Interval 

3   59      7 
3    59  47 
0     0   40 

{  the  I  titer} 

1st  Azimuth. 

2d  Azimuth. 

ifc  13- 34* 
tlecl.         8°    46' 
Alt.           53    3S 
Asim.    3 1° 

sine     9*499 
cos.     9-995 
sec     C226 
sin.      9720 

Decl. 

Alt. 
Azhn 

45"  14* 
8°  50' 
41      9 
.    6o° 

sine     9*  8a* 
cos.     9*99< 
sec.     o-ii^ 
tin.      9*938 

Correction  of  the  Latitude. 

Table  71,  Part  11.,  31 
Lai 

o» 

0  and  6o° 
;.  sec.  (above) 
40*  pro.  log. 
3'  pro.  log. 

9*74 
0*125 

*43' 
1730 

rhe  obs.  on  different  sides  of  meridian  and  the  computed  interval  the  letter,  3'  has  to  be 
subtracted  from  410  22',  which  gives  Lat.  410  19'  S. 

Ex.  3.  (different  sides  of  the  pr.  vert.)  Feb.  19th,  1878,  lat.  by  ace.  520  55'  S.,  long. 
1 1°  E.,  at  ih  40M  p.m.  obs.  alt.  Q  430  53',  bearing  S.W.  by  S. ;  at  5h  39"  5'  p.m.  obs.  alt. 
Q  1 1°  55'.  Course  in  int.  N.ETby  N.,  3*5  knots  an  hour ;  height  of  eye  16  feet :  required 
the  Latitudb  at  2d  observation. 

l»t  Alt.  (run  allowed  for)  430  50',  2d  Alt.  120  3' ;  1st  Pol.  Dist.  780  4*'»  2d  Pol.  Dist. 
780  51';  1st  Hour-angle  1*  38"  46%  Az.  350;  2d  Hour  angle  5h  38™  57%  V.  Az.  870 ;  corr. 
of  lat.  7'  to  be  subtracted,  because  the  obs.  are  on  the  same  side  of  mer.,  the  computed  int. 

C«/*r,  obs.  on  different  sides  of  pr.  vert.,  and  the  hour-angle  V  with  greater  azimuth. 
t.  520  48'  S. 

12.]  Double  AliUude  of  a  8tmr. 

753.  This  is  the  same  as  for  the  sun,  except  that  the  interval  by 
watch  must  be  increased  by  10*  an  hour. 

[3.]   Double  Altitude  of  a  PUmet. 

754.  Find  the  Green.  Date  at  each  obs.,  and  reduce  thereto  the 
R.A.  and  decl.  Apply  the  change  of  R.A.  to  the  interval,  as  directed 
No.  735,  and  add  to  the  interval  the  Acceleration  upon  it.  In  other 
respects  proceed  as  for  the  sun. 

[4.]  Double  Altitude  of  the  Moon. 

755.  Find  the  Green.  Date  at  each  observation,  and  reduce  tin 
R.A  and  decl.  Subtract  the  change  of  R.A.  from  the  interval,  and 
add  to  the  interval  the  Acceleration  upon  it.  In  other  respects  proceed 
as  for  the  sun. 

756.  For  the  Degree  of  Dependanee,  se<«  No.  771# 

4.  Ivory's  Solution,  for  the  tame  Body* 

757.  Though  this  method  applies,  strictly,  to  a  bodp  which  dt« 
not   change   its  domination,  yet  it  answers  well  enough,  in  a-romon 
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practice,  with  the  sun,  by  employing  a  mean  between  the  pol.  dists. 
proper  to  each  observation.  The  same  is  true  of  the  ihoon  whsn 
near  her  greatest  declination,  N.  or  8.,  since  at  that  period  she 
changes  her  decl.  about  1'  only  in  6  hours. 

(I.)  With  the  sun,  the  moon,  or  a  planet,  find  the  Greenwich 
Date  for  the  middle  time  between  the  observations,  and  reduce  the 
decl.  thereto. 

Find  the  pol.  dist.  by  means  of  the  lat.  by  ace,  N.  or  b. 

Correct  the  altitudes,  and  reduce  them  to  the  2d  place  of  observ- 
ation. 

Find  the  polar  angle.  For  the  sun,  this  is  the  interval  in  app. 
time ;  or  mean  time,  as  shewn  by  the  watch,  is  near  enough.  For 
a  star,  see  No.  734.  For  a  planet,  see  No.  735.  For  the  moon,  see 
No.  736.  Take  half  the  interval,  and  find  half  the  sum  and  half 
the  difference  of  the  altitudes. 

Note. — When  the  interval  is  rather  small,  more  care  is  required  in  the  work,  which  may 
then  be  carried  to  quarter  minutes  in  Table  68,  at  sight. 

(2.)  For  Arc  1.  To  the  log.  sine  of  the  half  interval  add  the 
log.  cos.  of  the  decl.:  the  sum  is  the  log.  sine  of  arc  1. 

(3.)  For  Arc  2.  Take  the  ar.  com  p.  of  the  log.  siue  found,  and 
add  to  it  the  log.  cos.  of  the  half  sum  of  the  alts.,  and  the  log.  sine 
of  their  half  diff. :  the  sum  is  the  log.  sine  of  arc  2. 

(4.)  For  Arc  3.  To  the  log.  sine  of  the  decl.  add  the  log.  sec. 
yf  arc  1  :  the  sum  is  the  log.  cos.  of  arc  3. 

When  the  lat.  and  decl.  are  of  contrary  names,  or  the  pol.  dist. 
exceeds  90°,  take  the  suppl.  of  this  arc. 

(5.)  For  Arc  4.  Add  together  the  log.  sec.  of  arc  1,  the  log.  sine 
of  the  half  sum  of  the  alts.,  the  log.  cos.  of  their  half  diff.,  and  the 
log.  sec.  of  arc  2  :  the  sum  is  the  log.  cos.  of  arc  4. 

(6.)  For  Arc  5.  This  is  the  diff.  or  sum  of  arcs  3  and  4.#  When 
the  observations  are  on  different  sides  of  the  meridian ;  if  the  poL 
dist.  is  greater  than  the  colat.  take  the  diff.  ;  if  less,  the  sum. 

When  the  ol*servations  are  on  the  same,  side  of  the  merid.,  when 
the  pol.  dist.  exceeds  the  colat.,  take  the  diff.  When  the  pol.  dist.  is 
equal  to  or  less  than  the  colat.,  take  out  the  log.  sine  of  the  lat.  by 
ace;  then  add  together  the  log.  sines  of  the  decl.  and  mean  of  the 

*  This  step  is  so  near  the  end  of  the  operation,  that  the  computer  may  content  himself 
with  trying  whether  the  sum  or  diff.  gives  the  result  in  lat.  nearest  to  the  lat.  by  ace.,  as 
in  all  eligible  cases  the  two  results  will  differ  greatly. 

z  A  and  B  are  the  places  ef  the  body  at  the  two 

observations;  PA,  PB  the  polar  distances;  Z  A, 
Z  B  the  zen.  dists. ;  A  P  B  the  polar  angle  or  inter- 
val. P  D  is  drawn  perp.  to  A  B,  and  dividing  A  P  B 
into  two  equal  parts  ;  Z  F  is  perp.  to  P  D. 

Then,  Arc  1  is  A  D;  Arc  2  is  Z  F;  Arc  3  it 
P  D.  As  P  D  is  usually  greater  than  A  D,  from 
which  it  is  determined,  if  a  small  error  occurs  in 
A  D,  P  D  will  be  in  error  still  more.  Arc  4  it 
DF;Arc5isPF.  PF  here  it  PD  -  DF;  but 
wh*n  the  pol.  dist.  is  much  less  than  PZ,  Fmay 
fall  beyond  D  on  PD  produced,  and  then  P  F 
•  PD  +  DF.     The  colat.  P Z  is  then  found  from  P  F  and  Z F. 


FINDING  THE  LATITUDE.  269 

alts,  (already  employed).  If  this  last  sum  is  less  than  the  sijj.  of  the 
lat.,  take  the  diff.;  if  greater \  the  sum.  One  place  in  the  logs,  is 
enough,  since,  if  the  distinction  is  not  strongly  marked,  the  case 
fthouul  be  rejected. 

(7.)  For  the  Latitude.    To  the  log.  sec.  of  arc  5  add  the  log  sec 
of  arc  2;  the  sum  is  the  log.  cosec.  of  the  latitude. 

Note.  — To  sate  reopening  Table  68  at  the  same  place,  logs,  taken  out  at  the  same  opm 
sag,  or  repeated,  are  marked  with  the  same  letters. 

Ex.  1.  (Obs.  eame  side.)  Lat.  by  acc.  io°  S.,  long.  7°  E. ;  true  alto,  of  the  sua,  5 8°  40% 
and  630  o  reduced  to  the  same  place  ;  interval,  3im  54* :  required  the  Latitude. 

rW.  of  Decl.  in  the  Form,  Ex.  1,  p.  261.  Correction  of  Alts,  in  the  Fotm,  Ex.  1, 

Red.  DecL         I4°24'N.  p.  2 1 6,  then, 

Pol.  Dist.        104   24  1st  Alt  580  40 

2d  63  o 

Sum      i2i  40        Half  Sam      6o°  50 

Diff.         4  20        Half  Diff.        2    10 
32-J4* 

8-8560$ 

9-98614  (g) sin.  9*39566  («) 

8-84219  (Jb)  sec.  0*00105  ffl 

(Suppl.)  75*34'  cos.  9'3967« 

Arc  3     104  26 

Ar.  00.  1*15781  sec.  Arc  1  (rep.)  0*00105  (ft 

Half  Sum    6o°  50'   cos.  968784(c)  ...  sin.  9*94112  (c) 

Half  Diff.     2    10    sin.  8*57757  (<0  ...  cos.  9-99969(0) 

Arc  2  15   22    sin.         9*42322  (e)  sec.  Arc  2  0*01581  (t) 

Arc  4      24   53  cos.  9*95767    "" 

Arc  5      79   33  sec.  0*74142 

Criterion  for  Sum  or  Diff.  of  Arcs  3  and  4.  Arc  2,  sec.  (rep.)  0-01581  (#* 

Pol.  Dist.  exceeds  colat.-rfi#*.  Lat.  io°4'  cosec.  0*75713 

Ex.  2.  (fame  side  mer.)  Lat  by  acc.  430  10'  N. ;  alts,  of  Capella,  reduced  to  the  same 
place,  220  58'  and  560  14';  interval  by  chronometer,  31*  34"  17*:  required  the  Lat. 

Interral  red.  3*  34"  53*  ;  decl.  450  50'  N. ;  arc  3,  400  55'.  Criterion,  sin.  lat.  9*8 ;  sum 
•f  sines  of  decl.  and  mean  alt.  9-6 ;  take  the  dif.  of  arcs  3  and  4.     Lat.  430  29'  N. 

Ex.  3.  (obs.  different  sides.)    Lat.  by  acc.  io°N. ;  alts,  of  Castor,  630  16'  and  460  12'; 

1  by  a  watch,  3h  55m  25^ ;  decl.  320  14'  N. :  required  the  Lat. 
Are  1,  240  33*' ;  Arc  2,  1 1°  54';  Arc  3,  54°  5f ;  Arc  5,  780  58*.    Lat.  10°  47$'  N. 

768.  (1.)  When  the  alts,  are  equal,  this  method  is  peculiarly 
convenient. 

Compute  arcs  1  and  3,  as  above.     Arc  2  is  0. 

For  Arc  4.  Add  together  the  log.  sine  of  the  alt.  and  the  log. 
•ec.  of  arc  1  :  the  sum  is  the  log.  cos.  of  arc  4. 

When  the  pol.  dist.  exceeds  the  colat.,  the  diff.  of  arcs  3  and  4  is 
the  colat. ;  otherwise  their  sum. 

Ex.     Equal  alts.  460  51' ;  pol.  dist.  66°  33  ;  intenral,  4*  37"  50*.     Lat.  by  acc.  $o°. 
Arc  1,  310  3of ;  Arc  3,  620  tof ;  Arc  4,  310  9{'.     Lat.  58?  59'. 

(2.)  When  the  declin.  is  0,  the  half  int.  is  arc  1,  and  are  3  is  90°. 

Ex.  Lat.  by  acc.  6o°  N.,  decl.  o,  int.  2b  o»«  o«  5  true  aks.  *8°  53'  and  200  42'.  Arc  1 
k  1 50  </ ;  Arc  2,  14°  29$' ;  Arc  5,  260  34'.     Lat.  590  59I'  N. 

A/of>.— If  the  time  also  is  required  from  the  observation,  with  the  outer  alt.,  lat.  found, 
and  pol.  dist.  (red.  to  time  of  outer  alt),  find  the  hour-angle,  No.  614,  and  see  No.  780  (4), 
p.  279 .    The  sum  of  log.  sec.  lat.  and  log.  su>.  arc  2  is  log.  sin.  mid.  time  between  the  obs. 
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IV    Jh  Double  Altitude  of  Different  Bodies. 

769.  The  forms  of  solution  described  in  Nos.  737  and  747  for  the 
eases  of  two  altitudes  of  the  same  celestial  body  apply  to  the  altitudes 
of  different  bodies,  the  difference  of  their  right  ascensions  supplying 
in  part,  or  entirely,  the  place  of  the  measured  interval. 

Since  the  value  of  this  observation,  like  the  former,  depends  upon 
the  difference  of  azimuth,  the  two  bodies  may  often  be  so  selected  as 
to  afford  the  best  possible  result  under  the  circumstances,  while  in 
the  case  of  a  single  body  the  necessary  conditions  are  not,  generally, 
matter  of  choice.  Hence  this  method  may  be  practised  with  equal 
convenience  in  all  latitudes. 

This  observation  is  particularly  convenient  in  the  case  of  two 
stars,  because,  as  the  right  ascensions  of  the  stars  change  very  slowly 
no  refereuce  to  the  absolute  time  is  necessary. 

760.  When  the  two  observations  can  be  obtained  at  nearly  the 
same  time,  this  method  has  the  advantage  of  being  independent  of 
the  rate  of  the  watch,  and  also  of  the  errors  of  the  ship's  run ;  but 
when  an  interval  elapses  between  the  observations,  allowance  uiii*i 
be  made  both  for  the  rate  and  the  run. 

1.  One  of  the  Altitudes  (of  Two  Bodies)  being  near  the  Meridian. 

761.  Limits.  These  are  the  same  as  those  given  in  No.  745. 
It  must  be  remarked,  that  the  rules  for  the  limits  apply  to  the  bear- 
ings at  the  time  the  bodies  are  actually  observed,  whether  there  be 
an  interval  or  not.  For  ex.,  if  the  sun  be  observed  S.S.E.,  and  the 
moon  £.  by  S.,  the  case  is  a  good  one;  but  if  the  observation  of  the 
moon  were  delayed  till  she  bore  S.E.,  the  case  would  not  be  good. 

762.  The  Observation.  Take  the  alt.  of  the  outer  body,  which 
should  be  observed  as  nearly  E.  or  W.  as  possible.  Then  observe 
the  alt.  of  the  inner  one ;  lastly,  that  of  the  outer  one  again,  noting 
the  times  of  each  alt. 

763.  The  Computation.  (I.)  For  the  sun,  moon,  or  a  planet* 
Find  the  Green.  Date,  and  reduce  thereto  the  R.A.  and  declination; 
and  for  the  moon,  her  hor.  par.  and  semid. 

For  a  star.  Take  the  R.  A.  and  decl.  from  the  Nautical  Almanac, 
or  from  Table  63. 

Call  the  diff.  of  R.A.,  or  its  suppl.,  the  polar  aiujle. 

(2.)  Reduce  the  alts,  to  the  same  instant,  and  correct  them. 

(3.;  With  the  outer  alt.  and  pol.  dist.  find  the  outer  hour-angle, 
and  proceed  as  in  No.  740  (4),  to  the  end. 

Bi.  1.  March  6th,  1878,  at  about  5h  55"  r.u.  M.T.;  la*,  ace.  400  15'  &,  long.  380  5** 
W„  oba.  alt.  Saturn  n°  50';  also  (reduced  to  the  aarae  Instant)  obs.  alt.  Aldebaian  naai 
Mridian  33*  17';  ind.  coir.  +  1',  height  of  eye  18  feet:  required  the  Latitude. 
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TSe  Or.  Date  is  6*  Zh  30". 
••turn's  Red-  R.A.  23"  34I"24• 

Aldebaran's  R.A.  +  14*  28    28    56 

Polar  angle  4    54    3a 

The  true  Alt.  of  Sat.  1 1°  41', 
lat.  400  15',  pol  dist. 
Ss3  6'  give  Saturn's  hour- 
angle  5    IS    »9 

Aldebaran's  hour*  angle  &o  47 

Saturn's  Decl.  40  54' S.  pol.  distT"  *s°    °' 
Aldebaran's  decl.  160  16'  N. 


Aldetaran's  oba.  alt  330  if,  true  alt-  JJ°  I  a 
Lat.  400,  DecL  l6°  (contrary  ^ 

namm)  J  ' 

20*  47#  tin.  st|. 

on  13       sin 
33   ■» 


_r3J3 
7'5*~3 


Mer.  Alt 
Zen.  Dist 
Decl. 
Lav. 


33  »5 

56  35  S. 

16  16  N 

40  29  & 


2.  Feb.  ad,  1878.  lat  by  ace  540  53'  N.  ;  ol*.  alt  Regulus,!^0  54',  nnd  the  alt.  of 
■an  (reduced  to  the  amine  instant)  510  17';  ind.  oorr.  —3';  height  of  eye  *o  feel: 


Ex. 

Aldebaran  (reduced 
required  the  Latitude. 


R.A.  Regulus,  10*  1-  55%  decl  120  34'  N. ;  R.A.  Aldebaran,  a*  28™  57%  decl.  160  16'  N. 
Regulua'  true  alt  150  43':  Aldebaran's  ditto,  51°  19';  hour  angle  of  Regulus,  5b  21™  54*  > 
hour-angle  or'  Aldebai.to,  na4a;   Red.  +4'.  Lat.  55°  3  N. 

764.  Whon  the  change  of  alt.  of  one  of  the  bodies  is  not  given  by 
the  observation,  its  altitude  cannot  be  reduced  to  the  same  instant 
as  the  other  by  No.  660;  to  compute  it  (No.  671),  the  azimuth  is 
required,  which,  if  not  observed  with  some  precision,  must  be  com- 
puted.    But  this  reference  to  the  altitude  may  be  avoided,  thus:  — 

Add  the  interval  of  time,  increased  by  1*  for  every  6,n,  to  the  R.A. 
of  the  body  first  observed,  and  subtract  the  R.A.  of  the  body  last 
observed;    the  rem.  is  the  polar  angle* 

If  the  sum  exceed  24h,  reject  24\ 

Ex.  lat  June  24th,  1878,  lat.  by  ace.  400  N„  long.  1490  51  W.;  time  by  chron. 
*4*  oh  i»  oba.  alt  of  a  Andromeda?  410  53',  and  2"  15*  afterwards  obs.  alt.  of  Jupiiet 
300  29'  to  the  southward;  height  of  eye  16  feet 

Red.  R.A.  of  Jupiter  2oh  33"  17%  Red.  decl.  190  22  S.,  trvg  alt  410  +V. 


R.A.  of  a  Andromeda; 

Jupiter's  R.A. 
Polar  Angle 


oh 

2" 

8* 

2 

'S 

0 

4 

*3 

20 

T 

33 
31 

'7 
6 

The  hour-angle  of  a  Andromeda?  com. 
puled  from  alt  410  48',  lat  40  ,  and  p.  I. 
dist  61  °  35',  is  3b  5om  33". 

The  difference  between  the  polar  angle 
and  the  hour-angle  of  a  Andromeda?  leaves 
Jupiter's  hour-angle  19"  27",  which  gives 
Red.  +  10',  mer.  alt  300  33',  arid  Lat. 
40°5'N. 

Ex.  2.  Jan.  3d,  1878,  lat  by  ace.  540  50'  N.,  oba.  alt  Regulus  170  21,  and  3-  4* 
afterwards  oba.  alt  Rigel  260  46'  S. ;  iud.  corr.  -5';  height  of  eye  16  feet :  required  the 
Latitude. 

R.A.  Regulus,  io*  i"  54*.  decl.   120  34'  N.  *  R.  A. 


polar  angle  4*  56-  52%  true  alt  Regulus,  17°  9',  hour.angle  Regulus  5*  11-  c7«;  hour 
angle  Rigel  15-  5%  Red.  to  this  +  5*.  I 


Rigel  j*  8-  42",  decl.  8°  21'  S. ; 

~  *  ii"  571;  hour- 

Lat  540  59'   N. 

-  765.  When  the  body  nearest  the  meridian  is  observed  below  the 
pole,  add  the  hour-angle  of  the  other  to  the  polar  angle:  the  suppl. 
to  12tt  of  this  sum  is  the  inner  hour- angle,  to  which  compute  the 
Reduction. 

Ex.  March  21st,  1831,  off  Cape  Horn,  lat.  by  ace.  560  50'  8.,  long.  650  W.,  at  night, 
obs.  true  alt.  •  Paronis  240  38*,  not  long  past  the  mer.  below  the  pole;  and  after  §■  atf 
obs.  alt.  y  Cracia  640  4/ ;  both  stars  rising,  and  both  to  the  S.  of  B. 
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»  Ptoro  R.A. 
int. 

y  Cnu  R  A. 
Polar  Angle 


to*  ii"  17* 
+  3   *3 

29     IS    40 
—  12    21     S° 

7   53   50 


The  hour-«nrle  §i  >  Cnw,  comp»*te4 
from  alt  64°47',  Int.  56*  50',  and  pol.dist 
33J5°'.  w  3b6»i8*. 

This  hour-angle,  added  to  the  polar 

ingle,  gives  hoar-angle  of  «  Paro  1  ih  o^  tf% 

or  59M  52*  below  the  pole.     The  Red.  *» 

Uiia  is  38*,  and  the  mer.  alt  24°  o'  give* 

I   Lat.  56^'  S.  (Ded.  of  •  Pavo,  570i6'  S.> 


I.  Neitlier  of  the  Altitudes  (of  Two  Bodies)  being  near  the  Meridian. 

766.  Limits.    These  are  the  same  as  for  No.  749. 

767.  The  Observation.  Take  an  alt.  of  the  outer  body,  then  of 
the  inner  one,  and,  lastly,  of  the  outer  one,  noting  the  times.  At 
each  observation  note  whether  the  body  is  to  the  northward  or 
southward  of  E.  or  W.  (true). 

768.  The  Compytatixm.    The  approximate  method. 

(1.)  Take  out  the  right  ascens.  of  the  bodies  from  the  Nautical 
Almanac,  reducing  them,  if  necessary,  to  the  Green.  Date.  Take 
the  diff.  of  R.A.,  or  its  suppl.  to  12h,  for  the  polar  angle. 

If  the  2d  alt.  of  the  first  body  be  lost,  proceed  by  No.  763.  The 
result  is  the  polar  an^le. 

(*2.)  Correct  the  altitudes. 

(3.)  Compute  the  hour-angle  of  each  body. 

When  the  bodies  are  on  the  same  side  of  the  meridian,  take  the 
diff.  of  the  hour-angles ;  when  ou  opposite  sides,  their  sum,  for  the 
computed  polar  angle. 

If  this  sum,  or  diff.,  agree  tolerably  well  with  the  polar  angle, 
the  lat.  by  ace.  is  near  enough ;  if  not,  proceed  as  in  No.  752  (5) 
to  find  the  corr.  of  lat. 

Ex.  1.  Feb.  25th,  1830.  H.M.S.  Eden,  lat  by  ace.  ii°45'8.,  long.  io°W.,  took 
alts,  of  Canopus  and  Sinus  as  following,  both  stars  to  the  E.  of  the  mer.,  and  both  to  the 
southward  of  the  E.  point 


Canopus.                                      Slnut. 
$**l*ii*       46°  5*''4        5*4*°'°'       7«°47'-4 
5  45   25        47     7#*         5    5°  °        7*    «4*6 

Caoopua. 

5«  51-  4»       47°*7/%4 
5    54     ©        47   33*4 

Means  5  44   18        47     2  '8        5  49  0        72     1  *o 

5    5*    3*        47    30  "4 

Sirius  R.A.     6b  37",40«         Decl.  160  2o'*7  S. 
Cauopus         6   20    11                     52   36*58. 
Polar  Angle        17   29 

Pol.  Dist  73 J  30'- 3 
37   *3S 

Heaucing  the  alt  of  Canopus  to  the  time  5*  49*  gites  alt.  required,  47"  18  -4.    The  true 
lit.  of  Canopus,  470  i3'*6,  and  of  Sirius,  710  $6'm7. 


Hour-angle  of  Canopus      ib  a"  57* 


Hour-angle 
Pol.  Dist. 
Alt 


37°  *3' 
47  »4 
•4° 


sin.  9-433 

•*••  9-783 
sec  o'i68 

sin.  9384 


1     2 


57 


Hour-angle  of  Sirius 

Ditto       Canopus 

Diff.  or  comput.  Pol.  Angle        8   55 

Pol.  Angle  17   29 

Error 


Hour- angle  1*  1 1"  «*• 
Pol.  Dist.       73°  30' 
Alt'  11   57 


*    34 

sin.  9 '489 

aiii.  9*982 

tec.  0-509 

aim.  9-980 


FINDING  THE  LATITUDE.  273 

IbUe  71,  Part  I.f  14°  and  730  9-391 

Lat.  sec.  0*009 

*"  34*    pr.  log.  1-311 

Corr.  o!  lat.  34'    pr.  log.  0*723 

Tto  oba.  are  to  the  $ame  side  of  the  mend,  and  of  the  pr.  vert.  \  both  hour-angle?  are 
to  oe  narked  V ;  the  coroput.  int.- the  lesser:  the  greater  hour-angle  is  with  the  grimier 
atimuth ;  34'  is  to  be  subtracted  from  1 1°  45',  which  gives  the  Lat.  1 1°  11'  S. 

Ex.  2.  (The  Ex.  No.  765.)  The  computed  hour-angle  of  «  Pavo  is  1  ih  5*  o»;  the  diff 
-A  which,  and  3h  6*  18",  is  7k  58*  42%  the  computed  polar  angle,  which  is  greater  than 
J*  53"  5°"-    The  error  is  4m  51*. 

The  asim.  of  «  Pavo  is  8°,  that  of  y  Crux  71*0 ;  the  corr.  of  lat  by  Table  71,  )*art  I.,  it 
6',  which,  since  in  this  case  the  greater  hour-angle  1  ih  $m  o»  is  with  the  letter  azimuth,  is  tc 
be  subtracted  from  560  50',  and  gives  Lat.  560  44'  S.,  as  by  the  other  solution. 

Ex.  3.  Dee.  ist,  1878,  lat.  by  ace  410  %V  N. ;  oba.  alt.  of  Markab,  590  *'.  and  that  of 
All  air,  reduced  to  the  same  instant,  23°  38' ;  both  bodies  to  the  S.  and  E.;  ind.  corr.  —a'; 
height  of  eye  16  feet:  required  the  Latitude. 

R.A.  Markab,  22*  58"  450»  decL  140  33'  N. ;  R.A.  Altair,  19"  44*  52*,  decl.  8°  33*  N. ; 
true  alt  of  Markab,  58 J  55';  that  of  Altair,  230  30' ;  polar  angle,  3*  i^S*1;  Mar':ab's 
hour-angle,  ih  II,M44•;  Altair's  hour-angle,  4h  24»  26#.  Then  4*  24"*  .6*—  !>  1 1"1  44* 
•  3b  i2IB42«.  Azimuth  of  Markab,  350;  azimuth  of  Altair,  8o°.  Corr.  of  lat.  11'  to  be 
added  to  410  28'.  Latituok,  41  °  39'  N. 

Ex.  4.  May  ist,  1878,  lat.  by  ace.  290  48'  S ;  obs.  alt.  of  Altair,  2 6°  24',  and  the  obs. 
ah.  of  Arcturus,  reduced  to  the  same  instant,  320  23';  the  bodies  on  different  sides  of  the 
meridian,  and  to  the  north ;  ind.  corr.  +  2' ;  height  of  eye  14  feet :  required  the  Latitude. 

R.A.  of  Altair,  19*  44n»  $x\  decl.  8°$3'N.;  R.A.  of  Arcturus,  14*  io",9t;  decl.  i9°49'N.| 
polar  angle,  5*  34"  42*;  true  alt.  of  Altair,  2 6°  20' ;  do.  of  Arcturus,  32*20' ;  hour- angle  of 
Altair,  3*  31*  43*;  Arcturus'  hour-angle,  »h  2"  3";  error,  o»  56*1  azimuths,  62"  and  34° | 
ca*r.  of  lat  6'  to  tut.  from  29°  •*/.  Latitude,  29°  42'  S. 

769.  The  error  of  tne  correction  of  lat.  is  directly  proportional  to 
the  error  of  the  interval :  hence,  when  the  moon  is  employed,  her 
R.A.  should  be  computed  for  the  actual  time  at  Greenwich,  as  given 
by  the  chronometer,  or  found  from  observation  of  a  lunar  distance 
rather  than  by  means  of  the  erroneous  long,  by  account. 

Ex.  April  7th,  1831,  lat.  by  ace.  34°  40' S.,  long.  42°W. ;  true  alt.  }  38°  2/  to  the 
N.W.  At  the  same  time,  true  alt  ©  47°  44'  to  the  NE-d ;  Gr.  M.T.  by  lunar  observation, 
2b  14"*  13*:  required  the  Latitude. 

©  R.A.  ih2m4i%  pol.  dist  96°42';  }  R.A.  201*  52"  28",  pol.  dist.  740  10';  ®'s  how- 
angle  ok  36"  45* E.;  )  ditto,  3*  i$m  27* W. ;  ©'s  az.  14°  ;  >  ditto,  8i°;  suppl.  of  dhT.  of 
K.A.  4h  iom  13s.  The  error  of  the  computed  polar  angle  is  i"  59*,  corr.  of  lat.  +6',  and 
Lat.  34°46'S. 

This  Ex.  may  be  worked  by  No.  763  (3),  thus :  the  )  'ft  hour-angle,  3*  35"  27*,  sub- 
Cracted  from  4h  10"  13%  gives  the  ©'s  hour-angle  34*  46%  The  Reduction  to  this  is  49', 
tad  Lat.  34°45,S. 

3.  The  General  Solution,  for  the  same,  or  different  Bodies  # 

770.  (1.)  Find  the  polar  angle.  This,  for  the  sun,  is  properly 
an  interval  of  A.T  ;  but  mean  time  is  near  enough.  For  a  star, 
•ee  No.  753.     For  the  moon  or  a  planet,  see  Nos.  754,  755.' 

*  Though  this  method  is  general,  yet  it  is  not  well  adapted  to  cases  of  short  intervals 
(No.  727) ;  because,  in  such  cases,  a  small  arithmetical  inaccuracy  in  the  process  may 
produce  a  considerable  error  in  the  resulting  latitude,  as  the  reader  may  easily  convince 
himself  by  working  examples.  This  is  the  chief  ground  on  which  an  approximate  and 
■direct  method  is  often  superior,  in  practice,  to  the  rigorous  method. 

In  the  figure  in  the  note,  p.  260,  omitting  the  lines  P  D,  Z  D,  and  Z  F,  arc  A  i*  A  B  , 
I  and  B  ce  the  places  of  the  same  body  at  different  timet,  or  of  different  bidiet ;  augJe  B 
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For  different  bodies,  it  is  the  diff.  of  their  R.A, 

Find  the  polar  distances  at  each  observation  ;  in  assigning  these, 
one  pole  must  necessarily  be  assumed  as  the  elevated  pole,  whether 
the  lat.  be  approximately  known  or  not.  Correct  the  altitudes,  and 
reduce  them  to  the  second  place  of  observation,  and  find  the  zenith 
distances. 

(2.)  For  the  Arc  A.  Take  the  suppl.  of  the  polar  angle ;  and 
add  the  pol.  dists.  together.  Add  together  the  log.  sine  square  of 
the  suppl.  and  the  log.  sines  of  the  j.ol.  dists. ;  the  sum  (rejcctiDg 
tens)  is  the  log.  sine  square  of  an  arc  x* 

Put  x  uuuer  the  bum  of  the  pol.  dists. ;  take  the  sum  and  diff. 
and  half  the  sum  and  half  the  diff.     Add  together  the  log.  sines  of 
the  last  two  terms :  the  sum  (rejecting  tens)  is  the  log.  sine  square 
of  an  arc  A. 

(3.)  For  the  angle  B.  Add  together  the  arc  A  and  the  two 
polar  dists. ;  take  half  the  sum,  and  from  it  subtract  the  arc  A  and 
the  outer  pol.  dist.,  noting  the  two  remainders.  If  the  half  sum  is 
the  lesser,  subtract  it  from  the  other  quantity. 

Add  together  the  log.  cosec.  of  A,  the  log.  cosec.  of  the  outer  pol. 
dist.,  and  the  log.  sines  of  the  remainders :  the  sum  (rejecting  tens) 
is  the  log.  sine  square  of  the  angle  B. 

(4.)  For  the  angle  C.  Add  together  the  arc  A  and  the  two 
zenith  dists.,  and  from  half  the  sum  subtract  A  and  the  outer  zen. 
dist. ;  note  the  two  remainders.  If  the  half  sum  is  the  lesser,  sub- 
tract it  from  the  other  quantity. 

Add  together  the  log.  cosec.  of  A,  the  log.  cosec.  of  the  outer  zen. 
dist.,  and  the  log.  sines  of  the  two  remainders:  the  sum  (rejecting 
tens)  is  the  log.  sine  square  of  the  angle  C. 

(5.)  For  the  angle  JD.  This  is  the  sum,  or  diff.,  of  B  and  C, 
according  to  the  following  directions : — 

In  the  case  of  the  same  body. 


Observations  on  the  tame  side  of  the 
Meridian 


Pol.  Dist. 

greater  than 

Colat 


dif. 


Pol.  Dist.  let  than  Colat. 


greater  Alt 

with  letter 

Azim. 


greater  Alt 

with  greater 

Azim. 


dxff. 


Observations  on  different  sides  of  the 
Meridian 


Pol.  Dist 

greater  than 

Colat 


diff. 


Pol.  Dist.  leu  than  Colat. 


Interval 
less  than 


Interval 
greater  than 


dif. 


Note. — The  difference  of  bearing  in  the  interval  nrnst  be  tern  than  iSo°. 


is  PBA;  angle  C  is  ZBA;  angle  D  is  PBZ,  which  is  PBA-ZBA.  When  PZ  to 
larger  and  P  A  smaller,  PBZ  may  be  P  B  A  +  Z  B  A.  Then  the  two  sides  P  B,  B  Z,  wia> 
the  included  angle  PBZ,  give  P Z. 

In  the  case  of  two  stars,  A  and  B  a«*e  very  nearly  constant,  and  have  accordingly  been 
computed  for  certain  pairs  of  stars,  and  inserted  in  tables,  by  which  the  computation  hi 
matei  Tally  shortened.— Tablet  for  facilitating  the  Computation  of  Double  Altitude*  by 
tABtrr.  SitADWhu.,  R.N.    1836. 
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4«.)  For  the  Latitude.  Take  the  supplement  of  D  to  180"  Take 
tLe  sum  of  the  outer  nolar  and  zenith  distances. 

Add  together  the  log.  sine  sail  are  of  the  suppl.  of  D  and  the  log. 
rines  of  the  outer  pol.  and  zen.  dists. :  the  sum  (rejecting  tens)  is  the 
log.  sine  souare  of  an  auxiliary  arc  y. 

Put  this  arc  under  the  sum  of  the  sen.  and  pol.  dists. ;  take  the 
sum  and  diff.,  and  half  sum  and  half  diff. 

Add  together  the  log.  sines  of  the  last  two  terms :  the  sum  (re- 
jecting tens)  is  the  log.  sine  square  of  the  colatitude,  reckoned  from 
the  same  pole  as  the  pol.  dists. 

Ex.  1.    Interval,  32"  54* ;  the  1st  and  outer  alt.,  corrected  and  reduced  to  the  2d  plaoa, 
*  S*°  39' 4*"  t  the  2d  alt.  620  59'  36" ;  outer  pol.  ditt.  1040  24'  30" ;  the  other,  1040  '4'  •*'". 


For  the  Arc  A. 

lateral 

°**  3*"  54* 

Suppl. 

11   27 

6 

jo" 

12 

sin.  sq.  9-99776* 
sin.        9*986121 
tin.        9*986130 

Pol.  Ditt. 
Pol.  Dut. 

io4°24'  • 
104  24 

S«m 

208  48   42 

Auxly.  are  x 

150     3   42 

tin.  sq.  9*970012 

Sum 
Diff. 

35«   5*   *4 
58  45     0 

Half  Sum 
Half  Diff. 

179   26    12 
29  22   30 

sin.        7*992640 
sin.        9*690660 

Arc  A  70  5/ 5*" 

sin.  sq.  7*683300 

For  the  Angle  B. 

For  the  Angle  C. 

Are  A            70  5/  51"      cosec 
Outer  p.d.  104  24  30        ootec 
Inner  p.d.  104  24   12 

0*858367 
0*013879 

Arc  A 
Outer  1 
Inner  1 

7°  57'  52*      eotee. 
1.  d.   31   20   18        ootec 

e.  d.   27     0  24 

0-852367 
0*283921 

216  46    34 

66    18   34 

108  23    17 
joo  25   25        tin. 
3   58  47        tin. 

9-092773 
8*841384 

33     9   17 
25   11   25        tin. 
1  48   59        sin. 

9*629018 
8*501014 

Angle  B    900  59'  20"      sin.  sq. 

9*706403 

Aog 

leC     5i°i6'3i"      fin.  sq 

9*272310 

The  obsrnrations  are  on  the  tome  side  of  the  meridian,  and  the  pol.  ditt.  ereutt 
tola*. :  hence  D  u  the  diff.  of  B  and  C,  and  is  therefore  390  42'  49  .* 

rtLanths 

For  the  Latitude 

ArcD 

39°  42'  49" 

Suppl. 

140   17    11 

sin.  sq.  9*94*759 

Outer  Pol.  Dist.    104  24   30 
Outer  Zen.  Dist.     31   20    18 

sin.         9*986121 
sin.         9*716079 

AttiJy.  Arc  y 

135  44   48 
83   45   *o 

219   30     8 
51    59   28 

tin.  sq.  9*648950  - 

109  45     4 
>5   59  44 

tin.        9*973668 
sin.        9*641773 

79°55/*4" 

sin.  sq.  9T15441 

Latitodk     10     4  36  S 

•  A  general  rale  for  assigning  the  sum  or  the  diff.  of  B  and  C,  in  the  omie  tfdtftimi 
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This  process  is  less  troublesome  than  it  appears.  The  1st  ami  4th  steps  are  of  the  same 
form,  as  are,  also,  the  2d  and  3d.* 

Ex.  2.  Lat.  by  ace.  n°  S. ;  true  alt  of  Sinus,  710  56'  4*' ,  pol.  disk  730  30'  18";  true 
id.  of  Canopus,  470  13'  36",  pol.  dist  37°  23'  30" ;  din*,  of  R.A.  17*  29*.  Roth  stars  to  the 
eastward,  and  Sirins  the  outer  one  or  4 


3*43 

Canopus  as. 

H° 

sin. 

93* 

14"  and 

72u, 

Tab.  71 

939 

2'20 

The  arc  Jf  is  99°  21'  15" ;  A  is  360  16'  4?" ;  angle  B,  40  30'  10* ;  antle  C,  ioo°  10'  33" ; 
the  angle  D,  the  turn  of  B  and  C,  is  io4°*o  43 '.    The  arc  y  is  3  8°  54  38",  and  the  Lat. 

771.  Degree  of  Dependence.  The  lat.  by  double  altitude  is 
affected  by  the  errors  of  altitudes,  pol.  (lists.,  and  interval,  or  polar 
angle.  The  effect  is  the  same,  whether  by  the  approximate  or 
rigorous  process. 

(1.)  To  find  the  error  of  lat.  caused  by  1'  error  in  one  of  the  alts. 
To  the  log.  3*431  add  the  log.  sine  of  the  azimuth  at  that  alt.  and 
the  lop;,  from  Table  71  :  the  sum  (rejecting  tens)  is  the  prop.  log.  of 
the  error  required,  nearly. 

Ex.    Suppose  in  Ex.  I,  No.  768,  the  alt.  of  Canopus  is  3'  in  error. 

The  Enmoft  of  Lat.  is  there- 
fore about  3' 24"" 


(2.)  The  error  of  pol.  dist.  will  be  worth  notice  only  in  the  case 
of  the  moon,  in  consequence  of  her  rapid  change  of  declination,  and 
the  uncertainty  of  the  Green.  Date. 

Find  the  error  of  each  hour-angle  in  which  the  moon's  pol.  dist. 
is  involved  by  No.  615  (3).  This  gives  the  error  of  the  computed 
interval ;  and  the  error  of  the  correction  of  lat.  is  the  same  part  of 
the  corr.  itself,  that  the  error  of  the  computed  interval  is  of  that 
interval. 

(3.)  The  error  of  the  rate  of  the  watch  will  rarely  be  sensible. 

kediety  would  require  the  hour-angles  to  be  known ;  but  the  observer  who  is  well  acquainted 
with  the  positions  of  the  circles,  as  shewn  in  the  figures,  p.  16S,  will  perceive  at  the  time  of 
observation  how  the  angle  D  is  composed. 

*  When  the  lat.  is  found,  the  hour-angle  and  azimuth  may  be  computed  thus  :— 
For  the  hour-angle.  To  the  log.  sine  of  D  add  the  log.  sine  of  the  outer  sen.  dist.  (already 
taken  out)  and  the  log.  sec.  of  the  lat. :  the  sum  is  the  log.  sine  of  the  hour-angle  corre- 
sponding, or  of  its  suppl.  Circumstances  will  usually  decide ;  but,  in  a  doubtful  case,  take 
tne  sum  of  the  log.  sines  of  the  decL  and  lat:  if  this  is  less  than  the  log.  00s.  of  the  sen.  dist., 
the  hour-angle  is  found ;  if  greater,  take  the  supplement. 

Por  the  arjuuth.  To  the  log.  sine  of  D  add  the  log.  sine  of  the  outer  pol.  dist.  (alreadv 
taken  out)  and  the  log.  sec.  of  the  lat. :  the  sum  is  the  log.  sine  of  the  asim.  or  its  suf  pi. 
If  this  is  doubtful,  when  the  sum  of  the  log.  sine  of  the  lat.  and  cos.  of  the  ten.  dist.  is  less 
than  the.  log.  sine  of  the  decl.,  the  asim.  is  found ;  if  greatet,  take  the  suppl.  Reckon  the 
•smith  from  the  N.  in  N.  lit ,  and  8.  in  S.  lat. 
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V.   Bf  thf.  Altitude  of  the  Pole  St  ah. 


712.  The  Observation.  Observe  the  alt  of  the  pole  star,  noting 
toe  time.     On  shore,  note  also  the  thermometer  and  barometer. 

773.  The  Computation.  At  Sea.  (I.)  The  error  of  the  Watch 
on  A.T.  being  known,  take  the  R.A.  of  the  sun  from  the  Nautical 
Almanac,  or  Table  61,  and  add  the  A.T.  of  observation  to  it:  the 
result  is  the  R.A.  of  the  meridian. 

(2.)  Correct  the  alt.  for  index-error,  dip,  and  refraction. 

(3.)  Enter  Table  61  with  the  R.A.  ot  the  mer.  and  the  alt.;  take 
out  the  correction,  and  apply  it  as  there  directed :  the  result  is  tk* 
latitude,  north. 


Ex.  1.  July  5th,  1890,  at  n*  2"  p.m. 
■pp.  time,  obs.  alt.  of  the  pole  star,  5 1°  20' ; 
ind.  corr.  +  2' ;  height  of  eye  16  feet:  re- 
quired the  Latitude. 

App.  Time  nh    2" 

R.A.  0 

R.A.  Mer. 

*  Obs.  Alt. 

1  nd.  Corr.     +2') 

Table  38       -5/ 


6   58 
1$     o 

51°20' 

-3 


ig*  o",  Alt.  500 
Lat. 


51    '7 

_  +*7 
51   44  N. 


Ex.  2.  March  nth,  1890,  at  3*  30*  ...m. 
app.  time,  obs.  alt.  of  the  pule  star,  530  51' j 
ind.  corr.  —3';  height  of  eye  12  feetx  re* 
quired  the  Latitude. 


App.  Time 
R.A.  0 


R.A.  Mer. 
*  Obs.  Alt. 
Ind.  Corr. 
Table  38 

15*0",  alt  5c( 
Lat, 


I5»3o« 


23  26 

38  5* 

-24 

H  5* 

-3'J 
-4  J 

53°  5i' 
-7 

;o 

53  44 

+  1     9 

54  53  N. 


774.  Accurately.  (1.)  Find  the  Greenwich  Date;  reduce  to  it 
Jie  Sid.  T.  at  mean  noon;  take  out  the  star's  R.A.  and  decl.  from 
die  Nautical  Almanac,  and  find  the  poL  disk 

Find  the  star's  hour-angle. 

(2.)  Correct  the  altitude,  accurately. 

(3.)  For  the  1st  Correction.  To  the  log.  sec.  of  the  hour-angl< 
add  the  prop.  log.  of  the  pol.  dist. :  the  sum  (rejecting  tens)  is  the 
prop.  log.  of  the  1st  Correction. 

For  the  2d  Correction.  To  the  log.  cosec.  of  the  hour-angle  add 
the  prop.  log.  of  the  pol.  dist  ;  double  the  sum;  add  to  this  the 
eonst.  15821  and  the  log.  cot.  of  the  altitude:  the  sum  (rejecting 
tens)  is  the  prop.  log.  of  the  2d  Correction. 

(4.)  When  the  hour-angle  is  greater  than  6h  and  lees  than  18\ 
cM  the  1st  Corr.  to  the  altitude;  when  the  hour-angle  is  less  than 
Bu  or  greater  than  18\  subtract  it. 

Add  the  2d  Correction  in  all  casea 
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Ex.  July  24th,  1890,  long.  oh  6-  W.  ;  at  10*24*  12»  8  obs.  alt  of  Polarin  in  tlw 
qnitksilver,  1090  36'  40" ;  ind.  corr.  - 1'  30",  therm.  620,  bar.  30  o  inches:  required  tu* 
Latitude. 

Gr.  Date,  24th,  ioh  30-  I3« 
Sid.  T.  mean  noon,  24th    8h  8m  18-2 
ioh  1-38'  61 

30"  4  9>      +1    435 

*3g  o) #R.A.  I»I4"»2-I 

Ked.  Sid.  Time  8  10      17  IKci.         88°  39'  %i" 

M.T.  1024    128  Air.  109*56'  40 

R.A.  Mer.  18  34    14  5  Ind.  Corr. -■  I  30 

*R.A.  —1   14     21 

Hour-angle  17  20   12*4 

Or 
1st  Corr. 
5h  20"  12"    Sec.    07625 
1M>   i°  16' 56"  P.L    03092 
1st  Corr.  13'  17"  P.L.    1 1317 


True  Alt 
1st  Corr. 
3d  Corr. 

Lat. 


to     1  23 N. 


5  20    12  4 
2d  Corr. 
cosec.  00066 
P.L.     03692 

0-3758 

2 

0751*6 

Const     15821 

54°  47'  cot  ^9*487 

2d  Corr.  1' 11"  P.L.    21824 

775.  Degree  of  Dependance.  The  error  is  very  nearly  the  same 
as  that  of  the  alt.,  as  a  small  error  of  time  produces  but  little  effect. 

N.B. — The  Nautical  Almanac  method  for  obtaining  Latitude 
from  Pole  Star  is  strongly  recommended.  Every  year  tables  are 
calculated  expressly  for  this  purpose.  Where  accuracy  is  re- 
quired, as  in  observations  for  latitude  made  on  shore,  these  yearly 
tables  should  always  be  used. 


Itof. 
Ther. 


<:"} 


2)109 

54 

35  10 
47  35 
-40 

54  46  55 

13  »7 

1  11 

CHAPTER  VI. 

Finding  the  Time. 

L"  By  a  Single  Altitude.  II.  By  Difference  of  Altitude 
near  the  Meridian.  III.  By  Equal  Altitudes.  IV.  Eating 
the  Chronometer. 

776.  In  consequence  of  the  perpetual  revolution  of  the  celestial 
bodies,  the  hour-angle  of  any  one  of  them  affords  the  measure  o( 
time,  No.  471,  &c.  By  whatever  method,  therefore,  the  hour-angle 
may  be  determined,  the  time  may  be  deduced.  At  sea,  where  the 
only  fixed  object  to  which  the  ever-changing  positions  of  the 
celestial  bodies  can  be  referred  is  the  horizon,  altitude  is  the  only 
means  of  determining  the  time. 

I.  By  a  Single  Altitude. 

777.  The  sun's  hour-angle  being  apparent  time,  when  his  alt.  is 
observed,  the  time  is  at  once  determined,     lu  the  case  of  any  other 
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celestial  body  which  does  not  pass  the  meridian  with  the  sun,  it  is 
necessary  to  allow  for  the  difference  of  their  hour-angles,  or  of  their 
right  ascensions  (No.  471),  at  the  instant  of  observation,  by  referring 
both  bodies  to  the  first  point  of  Aries  (from  which  R.A.  is  reckoned), 
as  will  be  described. 

1 .  A  Ititude  above  the  Horizon. 

778.  Limits.  The  body  should  be  nearly  E.  or  W.,  because, 
when  on  the  prime  vertical,  errors,  both  of  the  latitude  of  the 
observer,  and  of  the  altitude  observed,  produce  the  least  effect  on 
the  hour-angle. 

In  general,  however,  the  body  may  be  observed  at  any  time, 
while  moving  at  the  rate  of  not  less  than  6'  of  alt.  in  lm  of  time; 
because  in  this  case  an  error  of  V  in  the  alt.  will  cause  not  more 
than  10s  error  of  time,  and  the  same  error  of  lat.  will  in  the  same 
case  cause  a  still  smaller  error  of  time.  The  smallest  azimuth, 
reckoned  either  from  N.  or  S.,  which  the  body  can  have  under  this 
last  condition,  is  seen  in  Table  46,  in  the  column  of  6'. 

On  the  other  hand,  the  alt.  should  not  be  observed  when  small, 
as,  for  ex.,  under  10°  or  15°,  on  account  of  the  uncertainty  of  refrac- 
tion, especially  in  very  hot  or  very  cold  weather. 

779.  In  lat.  60°  24'  and  upwards,  1'  error  of  alt.  must  always 
cause  more  than  lO  error  of  time ;  the  body  should  therefore  be 
observed  as  nearly  E.  and  W.  as  possible. 

In  the  tropics,  on  the  other  hand,  the  time  may  often  be  more 
correctly  determined,  when  the  body  is  less  than  an  hour  from  the 
meridian,  than  at  several  hours  from  it  in  high  latitudes. 

At  sea,  the  uncertainty  of  the  sea-horizon  may  sometimes  be 
removed  by  observing  to  opposite  points.  Errors  of  alt.  proper  to 
the  instrument,  or  to  the  eye,  are  obviated  by  observing  the  alt., 
of  the  same  measure,  on  opposite  sides  of  the  meridian. 

[1.]  To  find  Apparent  Ttme,  end  thence  Mean  Time,  by  the  Altitude  of  the  Sun. 

780.  The  Observation.  Observe  a  set  of  altitudes,  (Number  657) 
at  the  proper  limits,  noting  the  times.     See  also  No.  535. 

For  accuracy,  note  the  thermometer  and  barometer. 

781.  The  Computation.  (1.)  Having  found  the  time  corre- 
sponding to  the  altitude,  find  the  Green.  Date  by  the  chronometer 
No.  575,  which  will  be  mean  time ;  or  by  the  time  roughly  estimated 
and  the  lon£.  by  ace,  No.  576,  which  will  generally  be  A  pp.  Time 
Reduce  to  this  the  sun's  declination,  No.  580,  or,  for  common  pur- 
poses at  sea,  this  may  be  done  by  No.  579.  Find  the  sun's  polar 
distance,  No.  443. 

When  mean  time  is  required,  reduce  the  Equation  of  Time 
No.  583  or  584. 

(2.)  Correct  the  alt.  at  sea  by  No.  647,  or,  if  greater  accuracy  is 
reqnired,  by  No.  649. 

(3.)  Compute  the  sun's  hour-angle,  No.  614. 

(4.)  When  the  sun  is  to  the  \V.  (or  p.m.),  this  hour-angle  is 
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Apparent  Time;  when  he  is  to  the  E.  (or  a.m.),  subtract  the  hour- 
angle  from  24h  :  the  remainder  is  A  T.  reckoned  on  the  day  be/ore. 

(5)  For  Mean  Time.  Apply  the  reduced  equation  of  time  as 
directed  in  p.  I.  of  the  Nautical  Almanac,  or  in  Table  62,  to  the 
App.  Time :  the  result  is  Mean  Time. 

The  difference  between  the  time  of  observation,  as  shewn  by  the 
watch,  and  either  of  these  times,  is  the  error  of  the  watch  on  that 
time. 


Ex.  1*  Jan,  1 2th,  1902,  at  sea,  at  about  O*  30"  a.m.  app.  time;  lat.  35°  35'  N. ; 
long.  1 40  W. ;  height  of  eye,  30  feet ;  ind.  corr.  +4'  30'';  obs.  alt.  of  rum  as  l>elow  : 
required  ^pp.  and  mean  time,  and  the  error  of  the  watch  on  each  time,  at  the  instant  of 
observafflb. 

Note The  differences  of  the  alts,  and  the  turn*  are  taken  to  test  their  accuracy  by 

means  of  their  agreement  with  each  other,  No.  556. 


Times  by  W.    9*  30- 28-       "** 
31      3            l* 

31  34            ^3 

32  7            JJ 
32    34              ' 

157    46 
Time      9  31    33 

Jan.                   11*  2ih  30" 
Long.  1 40  W.             +56 
G.A.T.  Jan.      11    22   26 

Alt.    22°  18' 20"     4?S4*„ 
2*       3SO 

__132  5°. 
Alt.    22   26  34 

Os.  Alt.  0           22°  26'  34" 
Index  error                  +4  30 
Table  38                       +80 

Decl.  II*                21°  54'  19"  a 
Corr.                           -8  52 
lied.  Decl.            21    45    27    S. 
90 

Tiue  Ah.        22   39     4 

A.T.  at  Ship             2ik  32-  45B 
Watch                         21    31     33 
WHtch  flow  for  A.T.            1     12 

Pol.  Dist.            in    45   27 

Kf|.  Time  II*          7"  51* 
C«  rr.                          •*  22 
lied.Eq.Time       8  "13" 

Alt.                   22°  39' 

lat              35    55          tee.       0-09158 
P.D.          I"    45          cosec.    0*03207 
I70~i9 

A.T.  at  Ship              21    32    45 
Eq.  Time        +8    13 
M.  Time                   21    40    58 
Watch                         21    31     33 
Slow  for  M.T.                   9    25 
ChronometerTime )      . 

ofObserva.ion    }  l<*  &    49* 
Chr.  fast  on  G.M.T.      -2    31 

~$5      9          cos.        8*92710 
62    30          sine       9  94793 
Hour-angle  2h  27™  15s        sin.sq.  8*99868 
A.T.      aT~32~45 

G.M.T.  of  Obs.         10   37     18 
Ship  M.T.  of  Obs.      9  40    58 
56    20 
Long.  See  No.  8*27   140    5'    0"  W. 

Ex.  2.  March  12th,  at  about  4b  15*"  p.m.  mean  time,  lat.  500  48'  N.,  long. 
650  58'  E. ;  obs.  alt.  (^  140  50'  10"  ;  corresponding  time  by  W.  4h  13°*  54*;  ind  corr. 
-2'  20"  ;  height  of  eye,  18  leet  :  required  A.T.  and  M.T.  and  the  error  oi  the  watch  on 
each 

G.M.T.  March  1 1*  23h  $lm,  pol.  dist.  930  15',  true  alt  I40  55',  Eq.  T.  +  9*n  55* ;  hour- 
angle  r  m  or  A.T.  4b  5™  54';  watch  fiut  on  A.T.  8ro ;  M.T.  4h  l$m  49',  watch  $hw  on 
M.T.  i«  55% 


•  In  this  exnmp'e  some  of  the  quantities  Are  noted  to  seconds  for  the  sake  of  a  form ; 
but  nt  s«\i  the  nearest  minute  (to  which  the  hour-angle  is  here  worked)  is  generally  enough, 
unle.s  the  observation  itself  is  remarkably  good. 
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Ki.  3.  Oct  20:h,l878,atsea,at4h40-  p.m.  app.  time ;  lat.  410  18'  S.Jong.  2!°  W.; 
height  of  eye  16  feet ;  ind.  coir.  -  2' ;  at  4h  28™  56*  bj  watch,  oba.  alt  ^  230  7' :  required 
A.T.  and  M.T.  and  the  Error  of  the  Watch  on  each. 

C..A.T.  Oct  20*  6*  4-  pot  dist-  79°  3i'. true  a,t-  23°  "5'-  E9-  T-  - 15"  "•;  A.T. 
4k  32-  42*;  Watch  «fow  on  A.T.  3"  46';  M.  T.  4*  17-  31";  Watch  /art  on  M.T.  n-  25*. 


[2.]     To  find  Mean  Ttm*  and  *A««c«  Apparent  Time,  by  the  Altitude  of  a  Star. 

782.  The  Observation  is  the  same  as  for  the  sun,  Nos.  541,  542. 

783.  The  Computation.  (1 )  Having  found  the  means  of  the 
times  and  the  altitudes,  take  from  the  Nautical  Almanac,  or  Table  63, 
the  star's  R.A.  and  declin.,  and  also  from  the  Nautical  Almanac,  or 
Table  61,  the  sidereal  time  at  mean  noon  for  the  given  day. 

(2 )  Correct  the  altitude,  No.  652  or  653. 

(3.)  Compute  the  star's  hour-angle,  No.  614. 

(4  )  When  the  star  is  to  the  W.  of  the  meridian,  add  the  hour- 
angle  to  the  star's  R  A. ;  when  to  the  E.,  subtract  the  star's  hour- 
angle  from  its  R.A.  (increased  if  necessary  by  24h) ;  the  result  is  the 
R.A.  of  the  meridian. 

From  the  latter  (increased  if  necessary  by  24h)  subtract  the 
sidereal  time  at  mean  noon  ;  the  rem.  is  the  approximate  M.T. 

From  this  last  subtract  the  Retardation  upon  it,  Table  24. 

Take  out  the  Acceleration  for  the  long. ;  in  W.  long  subtract 
the  Accel,  from  the  result,  in  E.  long,  add  it ;  the  result,  if  less  than 
12h,  is  Mean  Time;  if  greater  than  12h,  reckon  the  time  on  the 
preceding  day. 

(5.)  For  App.  Time.  By  the  M.T.  obtained,  and  the  long,  by 
ace.,  or  by  the  chronometer,  find  the  Gt.  Date ;  reduce  the  equation 
of  time  and  apply  it  as  directed  in  p.  II.  of  the  Nautical  Almanac, 
or  the  contrary  way  to  that  directed  in  Table  62. 


Ex.  1.  Jan.  1st,  1902,  p.m.,  lat.  50°  46'  N.,  long.  6l°  37'  W.,  at  7h  56™  l8«  by  watch, 
ohs.  alt  of  Procyon  150  40'  to  ihe  S.  and  E„  eye  20  feet  ind.  err.  o' :  required  the  Mean 
and  App.  limes,  and  the  Error  of  the  Watch. 


Procyon*s  R.A.  f  34"  io» ;  Decl.  50  28'  N. 

1 50  32' 

50  46         sec.     0*19895 
84    32         cosec.o  00198 
150   50 


Obs.  Alt 

Ind.  Corr.   Or\  « 

Table  38 -8  f        ~° 
True  Alt 


1 50  40' 1  Alt. 
Lat. 
P.D. 


*5   3* 

Cbr.  fast  on  Gr.    -2  15 
Gr.  MT.  12    9  I* 

Ship  M.T.  8    3  II 


Sid.  T.  mean  noon,  i8h  40™  48s. 

I  Hour-angle  —  4h  48m  12* 

*  R.A.  7   34    10 

R.A.Mer.(  +  24h)     2  45    58^ 

40    48 


4U* 


75  25 
59  53 

12* 


cos.     9*40103 
sine     9*93702 


Long,  in  Time  464 
Long.    6l°3l'o"W. 

'ITie  Red.  Eq   T.  is  3«"  34% 
the  watch  slow  on  A.T.  3"*  19*. 


Sid.  T.  M.  Noon  -  18 


Approx.  M.T. 

Ra. 

Accel.  61  °  37'  W. 

M.T. 

Time  by  Watch 


8 

5 

10 

- 1 

19 

8 

3 

5i 

-40 

3 

56 
6 


11 
18 


Watch  slow  on  M.T.       6    53 
which  subtracted  from   M.T.  gWei  A.T.  7h  59*  37%  and 
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Ex.  2.  April  27th,  1902,  a.m..  1st.  290  47'  45"  S.,  long.  310  7'  E.  at  2b  19-  4»*  hT 
waieh,  obtained  true  all.  ot  Aluir  250  14'  20"  to  the  E.  ai.d  N.  :  required  the  M.'l.  of 
observation. 

Aliair's  R.A.  I9h  46™  2*,  Decl.  8°  36'  35"  N.,  Sid.  T.  M.  Noon  2h  IS*  9*. 


Alt.          250  14'  20" 

Hour-angle 

-3*  37" 

& 

1  at.          29   47  45 

see.       0*061561 

*   R.A. 

19  46 

2 

1>D-       98  36  35 

cosec.   0*004920 

It. A.  Mer. 

16     8 

54 

153   38  40 

Sid.  T.  M    Noon 

-2   18 

9 

76  49  20 

cos.       9'357794 

Approx.  M.T. 

13" 5o" 

45 

5i    35    0 

sin        9  894046 

Rvt.        ' 

-2 

16 

3k  37ro  S- 

sin.  «j.  9  31 8321 

"i'j"  48 

29 

Accel,  long.  310  7'  E. 

fO 

20 

Mean  Tim  1 

13  48" 

49 

|S.]     To  find  Mean  Time,  and  thence  Apparent  Time,  by  the  Altitude  of  the  Moow 

or  a  Ptunet. 

784.  The  Observation  is  the  same  as  for  the  sun.  See,  also, 
Nos.  540,  541,  542. 

785.  The  Computation,  (I.)  Having  found  the  means  of  the 
times  and  of  the  altitudes,  find  the  Gr.  Date  as  nearly  as  ]>ossible 
by  the  chron.,  No.  575,  or  by  the  estimated  M.T.  and  long,  by  ace, 
No.  576.  Reduce  the  moon's  R.A.,  No  591,  and  decl.,  No.  589, 
and  thence  her  pol.  dist. ;  also  her  horiz.  parall.,  No.  586  or  587, 
and  semid.,  Table  39. 

(2.)  Deduce  the  app.  alt.,  No.  654.  Take  out  the  correction  of 
alt.,  Table  39.     Correct  the  altitude. 

(3.)  Compute  the  hour-angle,  and  proceed  as  for  a  star,  783  (4). 


Ex.  1.  July  int.  1878,  a.m  ,  lat.  390  57'  N.,  long.  8°  53  E.;  M.T.  at  Green,  by  chnm. 
ao1  lih  48",  olw.  alt.  ^  24°  10'  E.  of  mer. ;  eye  16  feet. 


>'s  R.A. 

0h  j3»  ,^« 

Corr. 

1    26 

Red.  It.  A. 

o~~34~45 

3'a  Red.  H.P. 

54    «3* 

>*s  Aug.  Semid. 

»4    53 

3's  Decl. 

8°  26'  35"  N. 

1      2 

Red.  Decl. 

8   27    37  N. 

90 

Pol.  Dist. 

81    32   23 

Alt.             250    8* 

Lat.             39    57 

sec.         0*11543 

Pol  Dist.  81    32 

cosec.     0*00476 

146    37 

73    i«> 
48    10J 

coa.         9*45822 

sin.         9-87226 

4h  16-45- 

sin.  sq.    9  45067 

Obe.  Alt. 

Dip. 

Semid. 


+  >5J 


Corr.  Par. 
True  Alt, 


24°  10 

+  11 

24   21 

*s    t 


ys  R.A.  (f  04h) 
1 1  our- angle 
R.A.  of  mer. 
Sid.  T.M.  Noon 


Accel,  for  8°  53'  E. 
M.T.  at  Ship 


oh34w4!>' 
"4    '6   45 
so   18     o 
7    S*   3* 
Approx.  M.T.  at  ship    12   25   sJ 
Ret.  _  -»     % 

12   %z    26 

r6 

12   23    32 


Ex.  2.  Feb.  220%  1878,  at  about  9^  30"  r.M.,  lat.  420  40'  N.,  long.  1400  W„  ob*.  ah. 
Mars  230  43'  w-  of  mer.,  time  by  watch  9"  24-"  27-  r.M.,  eye  18  feet:  find  ALT.  and  Erroi 
o€  Watch. 

G.  T.  F.-b.  12*  if  50-,  Mars  Rid.  R.A.  t*>  47-*  33-,  Red.  Dec!.  1.  °  10  N.,  True  All 
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Ak  «3°37 
fot.  42  40 
I'D.     72    50 

«39 7 

*9    33l 
45    5*i 
«fc  SI*  J* 


Hour-angle 

4*  53"  39*  ^. 

sec. 

©•'3353 

Mars'  R.A. 

*  47    33 

COtftfC. 

0*01979 

It.  A.  ofMer. 

7   4i    «» 

Sid.  T.M.-Noon 

*i     9     * 

cos. 

9*54314 

Approx.  M.T. 

9  '31    10 

sin. 

085651 

Ret. 

-»    34 

sin  sq. 

95  5*97 

9   3o   3* 

• 

Accel.  1400  W. 

-'    3» 

M.T. 

"9   *9     4 

Whence  the  cratch  is  4"  37*  $km  on  M.T. 


786.  When  the  true  G.M.T.  is  given  by  a  chronometer,  the 
moon's  R.A.  and  declination  may  be  correctly  found.  When  the 
moon  is  at  her  greatest  declination,  N.  or  S.,  a  small  error  in  the  Gr. 
Date  will  but  slightly  affect  her  pol.  dist.  An  error  of  lm  in  the  Gr, 
Date  causes  about  2*  error  in  the  moon's  reduced  R.A. 

787.  If  the  errors  of  the  watch,  as  found  by  observation  of  two 
bodies  on  different  sides  of  the  meridian,  but  on  the  same  side  of  the 
prime  vertical,  by  the  same  observer  with  the  same  instrument,  be 
not  identical,  that  error  is  nearest  to  the  true  error  of  the  watch 
which  accompanies  the  greater  or  outer  azimuth.  If  the  azimuths 
are  equal,  the  mean  of  the  errors  is  the  true  error. 

788.  Degree  of  Dependance.  The  alt,  and  the  lat  being  in 
general,  at  sea,  more  or  less  uncertain,  and  the  pol.  dist  of  the  sun 
and  moon  being  reducible  with  precision  in  certain  cases  only,  the 
time  is  in  general  liable  to  three  causes  of  error.     See  No.  615. 

When  it  is  proposed  to  test  the  observation,  the  parts  to  30#/  for 
the  sec.,  &c,  will  be  taken  out  with  those  quantities. 


2.  By  the  Altitude  0,  or  Hie  Body  on  the  Hoiizon. 

789.  In  low  latitudes  the  entire  orb  of  the  sun  is,  during  certarn 
seasons,  frequently  seen  at  rising  and  setting;  and  in  the  variable 
climates  of  high  latitudes  it  is  occasionally  visible,  though  more 
usually  clouded  at  those  times.  When  the  instant  at  which  either 
limb  touches  the  horizon  can  be  distinctly  noted,  the  time  may  be 
determined  approximately;  and  though  the  degree  of  approximation 
be  rude  as  compared  with  some  other  methods,  yet  the  result  may 
often  be  valuable,  especially  after  one  or  more  days  without  obser- 
vation. It  is  also  a  recommendation  to  this  method,  as  a  resource 
when  others  fail,  that  it  is  independent  of  every  instrument  except 
a  watch  or  other  means  of  measuring  time.* 

(1.)  Find  the  time  of  sunrise  or  sunset  in  Table  26.  Apply  to 
this  the  long,  in  time,  as  directed,  No.  576 :  the  result  is  the  Green. 
Date.     Reduce  the  declination,  and  find  the  pol.  dist. 

(2.)  To  the  horizontal  refraction,  33',  add  the  depression,  Table  8, 
tnd  from  the  sum  subtract  the  semid.  when  the  lower  limb  is  ob- 


*  Mr.  Fisher  acquaints  me  that  he  has  employed  this  observation  on  a  few  occasions, 
oat  circumstances  i»?re  not  couvenieot  for  comparing  the  results  with  those  of  othci 
observation*. 


0  Decl.  1 8°.  Table  26  gives 
A  pp.  Time  Sunset     7b  35*. 
Long.  260  W.  l_44 

G.A.T.  12th  '9    19 

Decl.  nth  i8°io'N 

Corr.  +  6 

fted.  Decl.  18    16  N. 
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served,  or  add  it  when  the  upper  limb  is  observed :  the  result  is  the 
angular  depression  of  the  sutfs  centre  below  the  horizon  at  the 
instant  of  observation. 

(3.)  Compute  the  hour-angle  of  the  sun  below  the  horizon  by 
No.  642,  using,  instead  of  18°,  the  sun's  depression.* 

(4.)  At  sunset  this  hour-angle  is  app.  time;  at  sunrise  take  the 
suppl.  to  12  hours. 

Ex    1.   May  i2»h,  1878.  lat.  510  20'  N.»  long.  260  W.f  observed  the  sun's  lower  limb  at 
letting  touch  the  horizon  at  7h  40"  56*  by  watch;  eye  16  feet:  required  App.  Time. 

Hor.  Refir.         33'       Depr.       o°n' 
Depr.  j±        Lat.         51    20      sec.       0*204.27 

37        P.D.       71    44      cosec.  0*02246 
Semid.  —16  123    25 

Depr.  Centre     il  6i    42      sin.       904471 

61    21       cos.      968075 
A.T.         7*40*    7g  sio.sq.  9-85210 

Watch      7   40    56 

o   49  Watch  fa*. 

Ex.  -2.  Oct  14th,  1878,  l«t.  180  39'  N.,  long.  620  30'  E.,  the  sun's  upper  limb  at  rising 
tppeaivd  on  the  horizon  at  5b  46"  1 1"  by  watch ;  eye  20  feet :  required  App.  Time. 

Or.  Date,  Oct.  13*  14*  o",  red.  decl.  8°  3'  S.;  depr.  of  sun's  centre  54' j  Hour-angk 
5k  52"  54g;  App.  Time  6k  7"  6>  a.m.  ;  watch  20»  55*  slow  on  A.T. 

790.  Degree  of  Dependance.  This  we  have  at  present  no  certain 
data  for  determining,  more  especially  when  the  observation  is  taken 
from  a  considerable  elevation,  as  from  a  hill. 

The  terrestrial  refraction  does  not,  it  should  seem,  affect  the 
instant  of  the  apparent  passage  of  a  celestial  body  over  the  visible 
horizon,  since  the  rays  of  light  from  the  horizon  and  those  from  the 
body  are  similarly  affected ;  and  hence  the  uncertainty  of  the  result 
is  probably  due  entirely  to  that  of  the  astronomical  refraction  at  the 
time  and  place.  It  may  be  proper,  accordingly,  to  admit  an  error 
of  2',  at  least,  in  the  redaction ;  and  the  effect  on  the  result  is  then 
found  by  merely  adding  together  the  parts  for  30"  of  the  cosine 
and  sine,  dividing  the  sum  by  the  parts  for  1*  of  the  sine  square,  and 
doubling  the  result. 

Ex.  In  Ex.  1,  above,  the  part*  arc  34  and  116;  the  sum,  divided  by  20,  gives  7|% 
which,  doubled,  is  15%  the  efl'ect  due  to  2'  error  in  the  refr.     In  Ex.  2  this  is  8'. 

•  In  the  tropics  the  method  No.  638  may  be  substituted,  using  log.  sine  depr.  ©cent. 

As  an  aid  to  the  working  of  a  sun  chronometer,  Davis's  "  Chronometer"  Tables  -will 
be  round  very  useAil ;  they  contain  hour  angles  calculated  exactly  for  degrees  of  Latitude, 
Altitude,  and  Declination,  with  means  of  making  allowance  for  the  minutes  wMch  must 
bo  taken  into  account.    J.  D.  Potter,  145  Minories,  London,  E.f  price  10*.  64. 
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1L  By  Difference  of  Altitude  near  the  Meridian. 


791.  When  the  son  is  too  near  the  meridian  for  a  satisfactory 
observation  of  a  single  altitude,  the  time  may  be  determined  approx- 
imately, and  sometimes  nearly,  by  means  of  the  observed  difference 
of-alt.  in  a  measured  interval. 

The  method  has  been  already  introduced  in  the  Short  Double 
Altitude,  p.  256.  and  it  was  on  the  ground  that  the  same  observation 
might  be  useful iy  employed  for  Time  also,  that  the  small  corrections 
from  p.  223,  which  are  scarcely  appreciable  in  the  resulting  latitude, 
were  applied.  It  is  also  worth  while,  in  finding  the  time  by  this 
method,  to  correct  for  change  of  declination. 

The  method  (as  already  shewn  in  Case  II.,  p.  259)  is  available 
with  alts,  taken  on  both  sides  of  the  meridian ;  but,  as  this  case 
would  be  comparatively  rare,  the  rules  have  been  arranged  for 
observations  on  the  same  side  of  the  meridian  only.* 

792.  Limits.  The  observations  should  both  be  within  an  hour 
from  noon.  The  interval  should  constitute  a  large  portion  of  the 
mid.  time  from  noon ;  but  it  should  not,  generally,  amount  to  the 
whole  time  from  noon. 

The  Observation  is  that  in  No.  726. 

793.  T/ie  Computation.  (1.)  Reduce  the  declin.,  by  the  long.,  to 
noon  at  the  place,  which  will  be  near  enough. 

(2.)  Find  the  interval,  and  correct  the  second  of  the  times  by 
watch  for  the  rate  in  the  interval,  when  considerable.  Correct  the 
alts.,  and  reduce  the  1st  to  the  place  of  the  2d  ;  find  their  mean  and 
their  difference.  Correct  the  diff.  of  alts.,  and  also  the  interval  by 
the  quantity  in  the  Table,  p.  223. f 

(3.)  Compute  the  hour-angle  at  the  middle  of  the  interval, 
No.  729  (2),  and  add  half  the  interval.  When  the  observation  is  p.m. 
this  is  App.  T.,  and  being  compared  with  the  second  time  by  watch, 
shews  the  error  of  the  watch.  When  the  observation  is  a.m.,  tako 
the  supp].  of  this  time  to  12h. 

Note.  If  the  rising  or  falling  of  the  ran  has  not  been  distinctly  noticed,  or  H  is  uncertain 
whether  the  alts,  are  on  the  same  or  different  sides  of  the  meridian,  ascertain  the  fact  by  the 
precept,  No.  72ft. 


*  Por  the  like  reason,  namely,  not  to  increase  unnecessarily  the  number  of  precepts,  the 
observation  below  the  pole  is  not  treated  ;  this  presents  no  difficulty. 

t  This  is  the  quantity  which,  added  to  the  sine,  makes  it  equal  to  the  are,  and  by  masns 
of  it  we  employ  the  table'  of  sines  equally  well  for  arcs. 
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JSi.  1.  May  Hth,  1878,  about  1 i*  a.m.,  lat.  480  4'  N.,  long.  210  1 1'  W.f  at  1  ifc  2*»  2* 
by  watch,  oba.  alt.  Q  58°9';  at  iih  si"  $o*  by  watch,  ola.  alt.  Q  590  39'?  ind.  cost. 
—  i'  20' ;  height  of  eye,  16  feet ;  rate,  5  J  knots  i  0  a-head  at  1st  oba. :  required  the  Errm 
of  the  Watch, 


TSmea  by  i 
Watch   f 
Intenr. 
Corr. 


nha8« 
"    5* 


H 
33 

N. 


©  Decl.  14th  1 8°  4o' 

»i°W.  _r+i 

Red.  Decl.       18  41   N. 


Diff.  Alta.      i°  27' 
later?.  24' 

Lat.  480   4' 

Decl.  18  41 

Mean  Alt.  59      5 
Hour-angle  ou  44" 

Ex.  2.  Lat  io°  41 
Computed  App.  Time 


5i* 

3V 


44* 


Alt.Q      580   9' 
,  Corr.      - 1 


Ind. 
Dip 


o- 
20 

4     o 


5* 
Corr.  Alt. 

3 

40 

-3* 

Semid. 

5«     3 
♦>5 

8 
5i 

Run 

5* 

18 

-»-2 

59 
12 

Alt  0  59°  39'  o' 
—  1  20 
-4     o 


59   33  40 

ZJ<L 

59   33    lo" 
♦  15   51 


Alts. 

5«° 
59 

11' 
49 

11' 

1 

118 

10 

12 

Mean 

59 

S 

6 

Diff. 
Corr. 

1 

*7 

50 
♦  1 

2d  Alt  59   49      1 


»  I 

Hour- angle 
Comp.  Mid.  T. 
Half  Int 

T.  of  2d  Oba.  computed 
Do.  by  Watch 

Watct  M 


1    27    51 


o"44"44" 


'  S.,  red.  decl.  200  56'  N.,  alts.  ©  580  2'  and  570  1/,  interval  12*-  «*• 
of  2d  Observation,  oh  39"1  o*. 


794.  Correction  for  Change  of  Declination.  When  the  sun  is  on 
the  meridian,  his  motion  in  declination  (which  then  takes  place  on 
the  meridian)  is  perp.  to  the  horizon,  and  consequently  affects  the 
alt  by  exactly  the  same  quantity.  When,  on  the  other  hand,  that 
part  of  the  sun's  celestial  meridian  or  declin.  circle,  on  which  he  is, 
is  parallel  to  the  horizon,  his  change  of  declin.  does  not  affect  the  alt. 
at  all.  Hence  the  corresponding  change  of  alt.  is  always  between  0  and 
the  whole  amount  of  change  of  declination. 

The  2d  alt.  differs  therefore  by  the  whole,  or  a  part,  of  the  change 
of  declin.  in  the  interval,  from  what  it  would  have  been  had  the  decl. 
remained  constant.  When  the  motion  in  declin.  tends  to  increase  the 
alt  the  2d  alt  is  too  great ;  otherwise  too  small.  There  is,  however, 
no  necessity,  in  this  method,  for  a  very  nice  process  of  correction,  for 
when  the  mer.  alt  is  small,  and  the  sun  not  far  from  the  meridian,  the 
motion,  in  declin.  corresponds  very  nearly  to  that  of  alt.,  and  the  entire 
change  may  be  applied;  and  when,  on  the  other  hand,  the  mer.  alt.  is 
great,  the  motion  in  alt.  is  so  rapid,  that  a  few  seconds,  in  the  estimation, 
are  of  no  consequence  in  practice,  or  the  whole  quantity  may  even  be 
neglected* 

Ex.  1.  May  3rd,  1878,  lat.  260  14'  S.t  long.  1610  W.,at  io»  31"  18*  by  watch,  obtained 
true  alt  ©  710  49'*  «nd  a*  « ,h  7"  *»'  true  alt.  770  46':  find  the  Error  of  the  Watch. 

The  Hour-angle  is  46"  18%  Mid.  T.  1 1*  13"  421,  and  Watch  *low  24"  22". 

Ex.  2.  Not.  4th,  1878,  p.m.,  lat  630  46'  N.,  long.  540  W.,  at  2h  14"  56'  by  watch,  ?ba, 
alt.  Q  io°  1 8'  T,  and  at  2h  36"  27'  obs.  alt  0  10*2'  29*.  Ind.  corr.  ♦  2',  height  of  eye 
16  feet,  the  ship  having  no  way. 

The  diff.  alts.  1 5'  40',  and  Int  «■  32'  (corr.  by  ifi,  giye  Mid.  T.  25"*  46'.  The  ohang* 
of  decl.  17*,  added  to  2d  alt  gives  diff.  alts.  15'  23%  ami  corrected  Mid.  T.  25*  lfc*. 


795.   Degree  of  Dependence.    As  the  interval  may  be  meaaured 
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with  precision,  and  as  the  lat.,  declin.,  and  alt.,  are  required  approx- 
imately only,  the  value  of  the  result  depends  almost  eutirely  on  the 
diff.  alts. 

(1.)  The  error  of  the  mid.  time  due  to  a  given  error  in  the  diff. 
alt.  is  found  by  taking  away  the  sine  employed,  and  adding  that  of 
the  diff.  alts,  vitiated  by  a  proposed  error.  The  result  is  more 
trustworthy  as  the  diff.  alts,  is  greater. 

In  Ex.  1,  No.  793,  lat.  48*  4'  N.,  an  ent>r  of  30"  in  the  diff  of  alts,  causes  ic'  error  of 
time ;  the  obs.  alts,  would  be  better  nearer  noon. 

In  Ex.  1,  No.  794,  30"  error  of  diff.  alts,  causes  4*  erroi  of  time. 
In  Ex.  2,  No.  793,  30"  error  of  diff.  alts,  causes  22*  error  of  time. 

In  Ex.  2,  No.  794,  lat  63°  46',  30"  error  of  diff.  alts,  causes  48*.  The  case  is  unfavour- 
able from  the  smallncss  of  the  motion  in  alt. 

(2.)  The  chief  merit  of  the  method  is  its  insensibility  to  an  error 
in  the  latitude,  which,  under  the  same  circumstances  renders  the 
observation  of  a  Single  Alt.  useless.  The  effect  of  a  proposed  error 
is  found  by  changing  the  sec.  lat.  before  employed  for  the  sec.  of 
the  lat.  proposed. 

In  the  following  examples  the  effect  of  an  error  of  lat  in  the  result  by  Single  Alt  also  is 
noted  for  comparison  of  the  two  methods. 

In  Ex.  1,  No.  794,  lat  2 6°  14',  10'  error  of  lat.  (that  is,  using  26°  24')  causes  only  4* 
error  of  time.    The  effect  of  this  error  on  the  time  by  the  single  alt.  710  49'  would  be  28*. 

In  Ex.  2,  No.  793,  10'  error  of  lat  causes  1*  error  of  time.  The  error  of  time  b?  the 
single  alt  57°  1 7'  would  be  2°*  9". 

Since  a  single  alt.  very  near  the  meridian  cannot  be  employed 
for  finding  the  time,  and  since  the  latitude  at  sea  is  usually  uncer- 
tain some  miles,  unless  it  has  been  determined  very  recently,  the 
above  method  is  adapted  to  finding  the  time  at  ship  during  that 
portion  of  the  day  when  the  single  altitude  is  not  practicable. 


III.  By  Equal  Altitudes. 

796.  Since  the  altitude  of  a  body  which  does  not  change  its 
declination  varies  exactly  at  the  same  rate  while  rising  on  the  h.  side 
of  the  meridian  as  while  falling  on  the  W.  side,  the  same  altitude 
occurs  at  the  same  hour-angle  on  each  side  of  the  meridian,  and  the 
middle  point  of  time  between  the  instants  of  two  equal  altitudes  is 
the  instant  at  which  the  body  passes  the  meridian.  Hence  the  time 
and,  consequently,  the  error  of  the  watch,  may  be  found  by  observa- 
tion of  equal  altitudes. 

In  the  case  of  the  sun,  the  middle  point  of  time,  or  the  mean  of 
the  observed  times  of  equal  altitudes  a.m.  and  p.m.,  is  apparent  noon. 
In  the  case  of  a  star,  or  other  celestial  body,  the  mean  of  the 
observed  times  corresponds  to  the  R.A.  of  the  star  when  on  the 
meridian,  that  is,  to  the  sidereal  time,  which  may  be  converted  into 
A.I.  or  M.I 
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797.  Since  the  sun  changes  his  declination  sensibly  in  large 
intervals  of  time,  two  equal  alts.  a.m.  and  p.m.  do  not  in  general 
correspond  to  equal  hour-angles,  and  it  becomes  necessary  to  apply 
to  the  mean  of  the  observed  times  a  correction,  which  is  called  the 
Equation  of  Equal  Altitudes. 

The  object  of  the  computation  is  to  find  what  time  the  watch 
shewed  when  the  body  was  on  the  meridian;  the  rate,  therefore, 
does  not  affect  the  result,  unless  it  is  irregular,  in  which  case  the 
mean  of  the  a.m.  and  p.m.  times  is  not  the  time  shewn  by  the  watch 
when  the  interval  is  half  expired. 

In  like  manner,  the  variation  of  the  sun's  motion  in  R.A.  (which 
is  the  variation  of  the  equation  of  time)  produces  no  effect,  provided 
it  be  uniform.     The  irregularity  of  this  variation  is  inconsiderable 

] .  Equal  Altitudes  at  Sea. 

798.  When  the  course  made  good  during  the  interval  of  the 
observation  of  two  equal  altitudes  is  true  E.  or  W.,  the  ship  changes 
her  longitude  only  by  the  portion  of  time  which  she  gains  or  loses 
on  the  sun  in  the  interval ;  this  change  introduces  no  correction,  and 
the  only  question  is  the  time  by  watch  when  the  interval  is  half 
expired.  But  when  the  ship  changes  her  latitude,  the  same  altitude 
no  longer  corresponds  to  the  same  time  from  noon,  and  a  correction 
becomes  necessary.* 

799.  This  method,  though  but  approximate,  has  some  advantages: 
it  is  independent  of  the  terrestrial  refraction,  provided  this  remains 
unchanged  in  the  interval  employed ;  and  the  correction  for  change 
of  lat.,  when  necessary,  requires  the  lat.  and  alt.  to  be  but  roughly 
known.  In  the  tropics  the  interval  may  in  general  be  very  small,  on 
account  of  the  rapid  change  of  altitude,  and  the  correction  for  change 
of  latitude  in  such  cases  may  sometimes  be  omitted.  In  high  lati- 
tudes, on  the  contrary,  the  ship's  change  of  latitude  considerably 
alters  the  time  from  noon  at  which  the  2d  alt.  (which  should  be  equal 
to  the  1st)  is  taken  :  hence,  in  such  cases,  the  method  is  less  useful. 

Note, — As  the  equation  of  equal  alt*,  is  generally  a  small  quantity  as  compared  with 
the  correction  due  to  change  of  place,  w*  fhall  not  here  consider  it.  I£  howerer,  it  ia 
required  to  introduce  it,  proceed  afterwards  to  No.  806. 

800.  The  Observation.  Observe  the  sun's  alt.  before  noon,  noting 
the  time.  Note  the  instant  of  the  same  alt.  of  the  same  limb  P.M. 
For  greater  accuracy,  several  equal  alts,  should  be  obtained. 

When  the  motion  in  alt.  is  quick,  both  limbs  may  be  observed. 

801.  The  Computation.  (1.)  Take  the  mean  of  the  a.m.  and  p  m. 
times  by  watch ;  this,  when  the  ship  does  not  change  her  lat.,  is  the 
mean  time  by  watch  of  apparent  noon.  Then  the  Equation  of  Time 
applied  as  to  Mean  Time,  will  give  the  time  of  mean  noon  at  ship 
as  shown  by  the  watch.  Applying  to  this  the  error  of  the  watch  on 
Greenwich  will  give  Greenwich  time  at  the  mean  noon  of  the  ship, 
which  is  the  longitude  in  time. 

*  N.B. — The  altitude  should  not  be  less  than  700,  or  the  time  from  noon  more  than  io". 
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(2.)  Correction  for  change  of  latitude.  With  half  the  interval  as 
*n  hour-angle  compute  the  azimuth,  No.  676. 

To  the  log.  sine  of  half  the  D.  Lat.  made  good,  add  the  log.  sec 
of  the  lat.,  and  the  log.  cotan.  of  the  azim. :  the  sum,  rejecting  tens, 
is  the  log.  sine  of  the  correction,  in  time. 

When  the  ship  has  approached  the  sun  in  the  interval,  subtract 
this  time  from  the  above  mean ;  when  she  has  receded  from  the  sun 
mdd  it :  the  result  is  the  time  by  watch  at  apparent  noon. 

Ex.  I.    June  8th,  i8z6,  lat,  by  ace.  6°  N.,  at  »h43*  i»  by  watch  (a.m.)  and  it  3*  o»  3" 
(p.m.)  obs.  alt  0  840  30'  to  the  northward ;  course,  N.N.W.  true,  rate,  3  J  knots. 
The  interval,  17"*,  gives  Diat.  ran  1*1  mile  and  D.  Lat.  1. 

Alt.  (true)     840  46' 

DecL  22   50 

Ualf-Int.        8»  3 1' 

Azim.  22° 

T.  by  Watch  of  App.  Noon    a   51   27  or  Watch/arf. 

Here  the  sun  is  to  the  northward,  and  the  course  is  to  the  northward,  or  the  ship  hat 
approached  the  sun. 

Ei.  2.    June  aid,  1828,  at  sea,  lat.  4°S.,  course  8.W.  true,  rate  7)  knots,  obs.  alts  of 
the  sun  to  the  northward ;  ship  receding  from  the  sun. 

Alt  Q  590  44  Times  12*  29"  57*  a.m.  a>    ^>39*  *•*. 

50  30   53  7   37 

55  3'  45  6  4$ 

Meant  12  30  52  t     7  40  int  ih  37* 

o  30  s* 

Appro*.  T.  by  Watch  of  noon  1    19   16  or  Watch  fast. 
The  Dist  ran  In  ih  37"  is  12m. ;  D.  Lat.  made  good,  8'*  5. 

Alt.  6o°         sec.  0*301 

Ded.  23 1        cos.  9*962 

Half  Int    48"  3c*     sin.  9*322 


tec.  1*040 

D.Ltt  30"          sin. 

6*163 

cos.  9*965 

Lat         6°          tec 

0*002 

sin.  8*570 
sin.  9575 

A*.            22°              COt. 

Corr.  — c*    o"  5*    sin. 
2   51   32 

0*394 
6-559 

D.  Lat  4'  15"  tin.     7*092 

Lat.  40  tec.     o'ooi 


Azim.     22  4°  cot    0*383 

22|°      tin.  9-585  Corr.  +oh   o^i-        sin.     7*476 

1    19   16 

T.  by  Watch  of  App.  Noon    i    19  57 
or  error  of  the  watch,  fast. 

802.  Degree  of  Dependance.  (1.)  The  error  of  time  due  to  an 
error  of  1'  in  one  of  tne  alts,  is  half  that  due  to  1'  change  of  alt., 
No.  788(1.) 

(2.)  To  find  the  error  due  to  an  error  of  Y  in  the  D.  Lat.  made 
good,  divide  the  correction  obtained  by  the  D.  Lat.  For  ex.,  1' error 
hi  Ex.  2  causes  5s  error  in  the  correction. 

2.  Equal  Altitudes  on  Shore. 

803.  The  method  of  equal  altitudes  is  susceptible  of  considerable 
accuracy,  but  it  can  be  completely  put  in  practice  on  shore  only,  as 
the  sea-horizon  is  always  subject  to  uncertainty. 

[1.]  The  Sun,  Morning  and  Evening. 

805.  The  Observation.  In  the  a.m.,  when  the  sun  is  within  the 
limits  (No.  778),  set  the  index  of  the  sextant  at  the  altitude,  nearly ; 
clamp  the  index,  and  observe  the  instant  of  the  alts,  of  both  limbs, 
noting  the  times.  Do  the  same  in  the  afternoon,  when  the  limbs 
will  follow  in  reverse  order. 

U 
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The  value  of  the  method  consists  in  the  same  altitude  being 
repeated,  without  regard  to  the  precise  measure  of  it.  But  as  the 
second  or  corresponding  altitude  is  often  lost  by  a  cloud  hiding  the 
object,  the  usual  practice  is  to  set  the  index  to  certain  whole  divi- 
sions, as  10\  2(/,  &c,  and  to  observe  the  altitudes.  The  moving  of 
the  index  destroys,  indeed,  the  integrity  of  the  method,  since  the 
second  altitude  is  no  longer  identical  with  the  first,  but  is  merely 
inferred  to  be  equal  to  it  from  the  reading.  The  errors,  however 
are  greatly  diminished  by  taking  numerous  altitudes :  or  a  number 
of  instruments  may  be  employed,  set  to  different  altitudes. 

806.  The  Computation.  (1.)  Reckon  the  time  p.m.  as  I2k,  13h,  &c, 
instead  of  0\  1\  &c.  Add  together  the  a.m.  and  p.m.  times  of 
observation ;  take  the  mean  of  these  sums,  and  divide  it  by  2.  Take 
the  difference  between  the  1st  and  3d  times  (as  set  down  in  the 
example  below)  to  the  nearest  minute,  and  call  it  the  interval. 

(2.)  Find  the  Greenwich  Date  for  apparent  noon  at  the  place ; 
reduce  the  suu's  decl.  (p.  I.  of  the  Naut.  Aim.)  to  the  nearest  minute 
only,  marking  it  as  of  the  same  or  contrary  name  to  the  latitude,  and 
as  increasing  or  decreasing.  Reduce  the  equation  of  time,  p.  1. 
Naut.  Aim. 

(3.)  Take  the  sum  of  the  changes  of  the  sun's  declination  for 
the  24h  before  and  the  24k  after  the  Gr.  Date ;  call  this  the  double 
change.* 

(4.)  Compute  the  equation  of  equal  altitudes  thus:— 

Part  I.  From  Table  72  take  out  the  logarithms  A  and  B.  To 
log.  A  add  the  log.  cot.  of  the  latitude  and  the  prop.  log.  of  the 
double  change :  the  sum,  rejecting  tens,  is  the  prop.  log.  of  Fart  1. 

Part  II.  To  log.  B  add  the  fog.  cot.  of  the  decl.  and  the  prop, 
log.  of  the  double  change:  the  sum,  rejecting  tens,  is  the  prop.  log. 
of  Part  II. 

(5.)  Apply  these  parts,  which  form  the  equation,  to  the  approxi- 
mate noon  by  watch,  by  the  following  directions. 


Declination 
increasing 

Part  I. 

Part  11. 

Lat.  and  Declin. 

of  the  tame    |     of  contrary 
name.                 names. 

Into 

lett  than 
12  hours. 

srral 

greater  than 
12  hours. 

tub. 

add 

add 

tub. 

Declination 
decreasing 

add 

tub. 

tub. 

add 

The  result  is  the  time  shewn  by  the  watch  at  the  instant  the 
sun  was  on  the  meridian,  or  apparent  noon  by  the  watch,  and  there- 
fore shews  the  error  of  the  watch  on  A.T. 

To  obtain  the  error  on  M.T.    To  apparent  noon,  0h  0m  0*,  or 


*  As  the  decl.  in  Table  60  it  aftnm  only  to  the  nearest  mtnnte,  the  daily  chance,  as  takes 
from  this  table,  may  be  a  minute  in  error.  This  will  not  cause  an  error  of  i*  in  the  equation 
of  equal  alt*. ;  but,  for  precision,  the  Nautical  Almanac  is  necessary. 
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12*  O*  0%  apply  the  reduced  Equation  of  T.  as  directed  p.  L  of  the 
Naut.  Aim.,  or  Table  62:    the  result  is  the  mean  time  ot  the  sun's 
meridian  passage  (as  in  No.  624).     By  comparing  with  this  the  time 
of  apparent  noon  by  the  watch,  its  error  on  mean  time  is  found. 
Three  places  in  the  logarithms  give  the  equation  to  0**1.* 

fix.  1.  Feb.  15th,  1830,  at  Ascension,  hit.  70  57'  S.,  long.  14}0  W.,  the  following  obser 
rations  of  the  son's  limbs  were  taken  in  the  quicksilver,  the  sextant  being  clamped  at  8i°. 
A.M.  p.m.  Soma,  deducting  24. 


io*»  4$" 40*- 
*°  47    54 


17*  ao*!^ 
17   27     8*5 

Sum 


>I4" 


59g 
**5 


Red.  DecL  12°  44'  S. 

Eq.  of  T.  izm  50**  5  additive. 


Approz.  Noon  by  Watch 
From  ioh  4.6™ 


to 
Int 


17   27 


Part  I.    2»-o 

Lat.  and  decl. 
fay,  add. 


log.  A  **2I  8 

Lat.  cot.      o*8« 

39' 18*  p.  1.  o* 

pr.  log.         3734 
dec!. 


0-855 
o*66i 


0     1  '5 

5     o  *7     Two-daily  change,  39'  18', 

7   30  *3         deer  eating. 

Log.  B  2*412 

DecL  cot.  0*646 

o-66i 

Part  II.    2-*i  3-7 19 

Int.  less  than  nh ;  decl.  decreasing,  sub- 
tract. 

>    7",3°"'3 
— o  *i 


Approz.  Noon 

;*;;}E,.ofEq.Aiu. 

App.  Noon  by  Watch      2     7 
Eq.  of  T.  additive,  or  \ 
Mean  Noon,  No.  624  j 
Watch  fast  on  M.T. 


13 


30  *2 
50-5 


«    53    39  '7 


Ex.  2.    July  24th,  1878,  lat.  550  1'  N.,  long.  ob  6"»  W.,  obtained  following  observations 
of  son's  limbs  in  the  quicksilver,  the  sextant  being  clamped  at  49°. 


0'sRed.  Decl. 
Two-daily  change 
Eq.  ofT. 


19°  5*'  N.  deer. 

25'  17* 

6«»  14-" 1  addit* 


am.  p.m.        Sums  deducting  24h. 

/*    6"»5i»       i7h  i2",39i*5  ...    oh  i9"»3o**5 

7    10  27-5     17     8   57       ...     o    19   24*5 

Sum  55  *o 

o   19  27-5 

o     9  43-7 

Int  iok2M;  Part  I.,  15*' 6,  lat.  and  decl.  eame  name;  decl.  decreasing,  add.  Part  II., 
1*0  int.  less  than  i2h ;  decl.  decreasing,  subtract;  app.  noon  by  watch,  oh  9m  58**3;  Eq.  of 
V.  additive,  or  M.T.  of  Mer.  Pass.  oh  6"  14*1.    Watch  Cast  on  M.T.  ob  3-  44"  2. 

[2.]  The  Sun,  Evening  and  Homing. 

807.  Instead  of  observing  A.M.  and  P.M.  on  the  same  day,  it  ia 
often  convenient  to  observe  on  the  afternoon  of  one  day  and  the 
morning  of  the  next. 

Tlie  Computation.  (1.)  Take  the  mean  of  the  times  as  directed; 
No.  806  ;  this  is  the  approximate  time  by  watch  of  apparent  midnight. 
Find  the  interval  as  in  No.  806. 

(3.)  Find  the  Green.  Date  in  app.  time  for  midnight  at  the  place 


*  It  is  often  convenient,  when  all  possible  accuracy  is  required,  to  employ  the  logarithms 
pf  numbers.  In  this  case,  take  the  arith.  complements  of  the  logs.  A  and  B,  employ  the 
tangents  of  the  lat.  and  decl.,  and  the  log.  of  the  two-daily  change  in  seconds. 


Fx.  (the  above.) 
Leg.  A  2*2183 
l*c. 

39'  I8--2358* 
Part  1.     i**99 


ar.  00.  7*7817 
tan.  9*1450 
log.  3*3725 
log.      0*2992 


Log.  ft    2*4121 
Decl. 


Part  II.     2«o6 


ar.  co.  7*5879 
tan.      93541 

33715 

log.     0*3145 
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Reduce  the  gun's  decl.  and  the  Eq.  of  Time, 
(3.)  Find  the  double  change,  as  before  directed. 
(4.)  Compute  the  equation  of  equal  altitudes,  apply  the  1st  part  the 
contrary  way  to  (5) :  the  result  is  the  time  by  watch  of  apparent  midnight. 


Ex.     Feb.  nd,  1830,  p.m.,  and   Feb.  13d,  a.m.,  lat.  70  5/  S. 
tained  observations  of  equal  altitudes. 


long.  14I0  W.,  ob- 


5*  i8»3i» 

5    '9   36 
$  oo  40-5 


A.M. 

lo*  59"'47# 
10  58  41 
10  57   36 


Approx.  Midnight  by  Watch 


lat." 


5   39 


Part  1. 


log.  A 
Lata*. 

43'  r 


—  A  *% 


Decl.  i2°44'S.,  dtcrmHng. 
Eq.  of  T.  1 3M  46«'4,  odditis. 


M-Wh). 
4h  i8«jo» 

4    >*    >7 
4   18    16-5 

52-5  Double  change,  43'  g" 
4   i*   17*5 
*     9     *'7 


***35 
©•8ss 
0*614 

3704 


Part  II. 


Log  B 
Decl.  cot. 

i«5 


2-367 

0*646 
0*614 

3"6a7 


The  int.  ia  greater  than  i2h,  that  used 
for  log.  A  being  its  suppl.  The  Eq.  of 
eq.  situ,  is  +o*'s  ;  the  watch  (mat  on  M.T. 
i"  55"*  22**6. 


13.]  Bpmi  Alhtude*  q/«  Star. 

808.  This  observation  determines  the  absolute  time  with  much 
precision  and  convenience,  as  there  is  no  equation  of  equal  altitudes. 

809.  The  Computation.  (1.)  The  mean  of  the  times  shewn  by 
the  watch  is  the  time  by  watch  corresponding  to  the  sidereal  time, 
or  R.  A.  of  the  merid.,  which,  in  this  case,  is  the  same  as  the  R.  A. 
of  the  star. 

(2.)  Find  M.T.  by  No.  607,  and  thence  the  error  of  the  watch. 

810.  Correction  for  Change  of  Refraction.  As  the  method  of 
equal  altitudes  is  capable  of  much  precision,  and  as  the  rate  deduced 
may  be  much  affected  by  small  errors  in  the  absolute  time,  it  is 
worth  while  to  make  the  proper  correction  for  every  cause  of  inac- 
curacy. A  shift  of  wind  or  a  fall  of  rain,  in  the  interval,  may  be 
accompanied  by  a  change  of  refraction,  which,  especially  when  the 
altitude  is  low,  may  produce  a  sensible  effect    To  allow  for  this, 

(1.)  Find  the  correction  of  the  refraction  at  both  observations 
for  the  barom.  and  therm.,  Tables  32,33 ;  then,  when  the  corrections 
differ, 

(2.)  To  the  prop.  log.  of  their  diff.  add  the  prop.  log.  of  the  time 
the  sun  takes  to  move  through  his  diameter  (which,  if  not  shewn 
by  the  observation,  may  be  found  by  note  *,  p.  221),  and  the  ar. 
com  p.  of  the  prop.  log.  of  the  semi-diameter;  the  sum  is  the  prop, 
log.  of  a  portion  of  time,  half  of  which  is  to  be  applied  to  the  time  of 
noon,  or  midnight,  thus :  — 

1st  obs.  a.k.,  or  to  the  eastward,  when  the  east.  refr.  is  the 
greater,  add;  when  the  lesser,  subtract. 

1st  obs.  p.m.,  or  to  the  westward,  when  the  east.  reft,  is  the 
greater,  subtract;  when  the  lesser,  odd. 
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Ex.  May  nit,  1830,  Fort  Villagagnon,  Rio  de  Janeiro,  lat.  220  55'  8.,  long.  430  W- 
jtUined  equal  altn.  570  in  the  quicksilver,  a.m.  and  p.m.  ;  the  refr.  at  the  eastern  observation 
22"  fas*  than  at  the  west. 

Reduced  decl.  20°  50'  N.  (of  cont*  «ry  name  to  lat.  and  increasing),  double  change  24*36* 
B*  of  T.  3»  44»-7,  tubtr.  from  A.  T 

a.m.  p.m.  Sumft 

7h  2in,54»  i3h  2501  6"  ic>  47"  o»  The  *nt.  6h  from 

7  23  23         13  23  36         20  46  59  7*  22,w  tO  I3h  22m 

7   24   $6  13   22     4  20  47     o  gives  the  two  parts 

I     2  ~H<r"59  +  3*  7  and +2*2,  or 

20   46    59*7  the  equation  of  eq. 

10  23   29-8  dts.  ♦  5-9. 


Correction  for  unequal  refraction. 

12"  prop.  log.  2*95 

3"  2*              do.  i*77 

1 5' 49"  Ar.  co.  do.  8*94 

2,e3  prop.  log.  3*66 

Corr.  —  i«-i 


Appro*.  Noon  by  Watch  ioh  %%mi<f*b 
Eq.  Equal  Alts.  +  5  '9 


10 

23 

35 

*7 

-  1 

•1 

JO 

23 

34 

•6 

12 

3 

44 

•7 

Corr.  for  Refract. 

App.  Noon  by  Watch 

Eq.  ofT.    +  i2h 

Watch  slow  on  A.  T.  1    36   25  *a 

Watch  slow  on  M.T.  1    32    40  7 

811.  Degree  of  Dependance.  The  error  of  the  equation  of  equal 
altitudes  caused  by  an  error  in  the  double  chauge  of  decl.  is  a  matter 
of  simple  proportion.  The  effects  of  small  errors  in  the  lat.  and 
decl.  are  insensible,  therefore  neither  the  lat.  of  the  place  nor  the 
declin.  is  required  to  great  precision.  But  variations  in  the  refrac- 
tion, not  to  be  removed  by  corrections,  will  always  leave  the  result 
in  some  degree  doubtful.  On  this  account,  the  method,  even  under 
the  most  favourable  circumstances,  can  rarely  be  considered  as 
affording  extreme  precision. 


IV.  Rating  the  Chronometer. 

812.  The  Rate  of  a  chronometer  is  the  difference  of  its  error 
from  day  to  day.  It  is  called  gaining  when  the  watch  goes  loo  fast, 
iud  losing  when  it  goes  too  slow. 

813.  When  the  chronometer  \sfast,  either  on  G.  M.T.  or  on  the 
time  at  place,  if  the  error  is  increasing,  the  rate  is  gaining ;  if  de- 
creasing, the  rate  is  losing.  When  the  chron.  is  slow,  if  the  error  is 
increasing,  it  is  losing ;  if  decreasing,  it  is  gaining. 

The  amount  of  the  daily  rate  (supposed  uniform)  is  found  by 
dividing  the  change  of  the  error  by  the  number  of  days  in  the 
interval  between  the  observations. 

Ex.    May  27th,  at  9h  a.m.  chron.  slow    2h  7™  i& 
June   3d,   at  5h  p.m.  alow    2    6   51 

Diff.  of  Error  in  7d  8h      o    o  27 
Then  *7*,  divided  by  7*33  days,  gives  3,*7  daily  bate,  gaining. 

814.  When  the  error  is  found  to  have  changed  from  fast  to  slow, 
or  from  slow  to  fast,  the  rate  is  the  sum  of  the  errors  divided  by  the 
trimber  of  days  elapsed . 

Ex.  1.    Jane  28th,  at  3  p.m.,  the  chron.  was  om  7,#o  fast;  on  July  5th  it  was  om  i6»  1 
slow  :  required  the  Daily  Rate.    The  sum  23**1,  divided  by  7  (days),  gives  3**3,  losing. 
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Ex.  9.  On  the  14th,  the  chron.  was  o"  17*  slow;  on  the  31st,  it  wit  o*  12*  &>*; 
required  the  Rate.    TLe  sum  om  19%  divided  by  17,  gives  1*7,  gaining. 

815.  As  the  chronometer  rarely  goes  for  any  length  of  time 
without  some  irregularity,  the  rate  should  he  deduced  afresh  at 
t.veiy  opportunity.  This  is  done,  1st,  by  finding  the  absolute  error 
on  the  time  at  place,  by  observation,  after  intervals  of  a  few  days ; 
2dlj.  by  direct  comparison  of  the  interval  of  time  shewn  by  the 
chronometer  with  that  measured  by  a  clock  of  known  rate,  or  with 
the  motion  of  a  star.  Also,  as  longitude  is  measured  by  time, 
No.  479,  the  absolute  longitudes  of  places,  when  correctly  laid 
down,  and  their  differences  of  long,  may  be  employed  in  a  corre- 
sponding manner. 

All  observations  for  the  purpose  of  rating  a  chronometer  should 
be  made,  if  possible,  on  shore,  on  account  of  the  uncertainty  of  the 
sea-horizon,  because  a  small  error  in  the  absolute  time  may  produce 
a  great  error  in  the  daily  rate  deduced.  Also,  the  observations 
should  be  made  by  the  same  person  with  the  same  instrument,  and 
under  the  same  circumstances,  as  nearly  as  possible. 

I.  By  Comparison  with  tlie  Absolute  Time,  or  Longitude 
[1.]  By  the  Time. 

816.  The  best  observation  (out  of  the  observatory)  for  the  pur- 
pose,  is  equal  altitudes  carried  on  for  several  days.  The  next  in 
value  is  the  same  alt.  repeated  several  days  successively,  in  the  same 
part  of  the  day ;  for  the  times  determined  by  a.m.  and  p.m.  sights  on 
the  same  day  do  not,  it  appears,  agree  exactly  either  at  sea  or  on 
shore.* 

As  the  rate  cannot  be  depended  upon  for  a  considerable  length 
of  time,  it  is  necessary  to  take  frequent  opportunities  of  obtaining 
alts,  on  shore  by  the  artificial  horizon.  It  is  proper,  therefore,  to 
remark,  that  by  a  little  care,  and  by  not  mixing  a.m.  arid  p.m.  sights, 
the  rate  may  be  determined  nearly  as  well  as  by  equal  altitudes. 

817.  At  sea,  the  lunar  observation,  No.  836,  or,  under  very  fa- 
vourable circumstances,  the  moon's  altitude,  No.  864,  affords  the 
absolute  error  of  the  chronometer  on  G.  M.T.,  and  may  discover, 
accordingly,  if  any  considerable  change  in  the  rate  has  taken  place ; 
but  it  would  be  highly  injudicious  to  attempt  to  establish  a  rate  from 
obsei  rations  so  discordant  as  these  usually  are. 

818.  An  excellent  method  has  been  afforded  of  late  years,  of  de- 
termining the  error  and  rate  of  the  chronometer  by  the  establish- 
ment of  time-balls  at  some  observatories.  These,  with  the  G.  M.  T. 
at  the  instant  the  ball  is  dropped,  are  given  in  Table  13.  The  time- 
ball  obviates  the  necessity  of  observations  for  rate, 

819.  When  the  ship  leaves  any  place,  and  after  an  interval  not 
much  exceeding  a  fortnight  returns  to  it  again,  the  error  of  the 

*  The  late  Captain  Hewett  informed  me,  that  being  obliged  to  keep  account  of  the  daily 
ra*e*  of  bis  chronometers,  by  means  of  altitudes  observed  from  the  sea-horizon ,  while  §ur. 
reying  the  North  Sea,  in  H. M.S.  Fairy,  the  constant  disrrqmpcies  between  th*  »  M.  and  r  M. 
sight*  rendered  H  necessary  to  employ  the  a.m.  sights  alone. 
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chronometer  accumulated  in  her  absence  is  found  directly  by  com- 
txinng  the  time  shewn  by  the  chronometer  with  the  times  obtained 
by  observation  both  at  her  departure  and  at  her  return.  The  error 
thus  found  affords  the  actual  sea-rate*  and  the  method,  when  it  can 
be  practised,  is  far  more  efficient  than  that  of  deducing  harbour  rates. 

Ex.  By  an  observation  taken  immediately  before  the  ship'*  departure  from  a  port  the 
cttton.  was  found  slow  311  271"  14'.  By  an  observation  taken  at  her  return,  or  11 -3  days 
afterwards,  the  error  was  3h  27™  44**5,  or  3°*' 5  mor«.  Hence  the  Rate  during  her  absence 
hat  been,  on  the  average,  2*7  losing. 

[2.]  By  the  Longitndt. 

820.  When,  on  making  a  well-determined  point  of  land,  the  long. 
by  chron.  does  not  agree  with  the  actual  position  of  the  ship,  and 
when,  accordingly,  the  chronometer  must  have  been  going  at  a 
different  rate  from  what  was  supposed,  it  will  be  convenient  to  refer 
to  the  following  Table. 


The  land  not 

made  so  soon  as 

expected. 


The  land  made 
unexpectedly. 


Sailing  E. 


Sailing  W. 


The  Chronometer  has 

gained  less, 

or 
lost  more, 


gained  more, 

or 

lost  less, 


gained  more, 

or 

lost  less, 


gained  less, 

or 
lost  more, 


than  allowed  for. 


Ex.     A  ship  from  India  to  the  Cape  of  Good  Hope  makes  the  land  unexpectedly. 
The  ship  is  sailing  W.,  the  land  made  too  soon ;  the  chron.  has  therefore  gained  less  or 
lost  more  than  allowed  for. 

But  it  must  be  borne  in  mind  that  chronometers  do  not  preserve 
the  same  rates,  generally  speaking,  for  a  long  time  together ;  and, 
therefore,  after  a  considerable  interval,  as  upwards  of  a  fortnight, 
this  method  shews  only  the  gain  or  loss  on  the  whole,  not  whether  the 
chronometers  are  gaining  or  losing  now. 

2.  By  Comparison  of  'Intervals,  of  Time,  or  Longitude. 
[1.]  By  <  dock. 

821.  The  chronometer  being  compared  at  different  times  with  a 
clock  of  which  the  rate  is  known  (as  in  No.  564),  the  difference  of 
the  errors  for  the  intervals  is  obtained,  and  thence  the  rate  is 
deduced.     The  mode  of  comparison  is  already  described,  p.  203. 

[2.]  By  m  Stir. 

822.  Since  every  star  returns  to  the  same  point  of  the  heavens 
3"  65**91  of  mean  time  earlier  every  mean  solar  day,  the  return  of 
the  same  star  to  the  same  altitude,  or  to  the  wire  of  a  fixed  telescope, 
day  after  day,  determines  the  rate  vcrv  correctly.     The  alt.  should 
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be  considerable,  in   order  to  avoid  errors  of  refraction,  and  the 
telescope,  for  the  same  reasou,  should  be  nearly  in  the  meridian. 

To  find  the  rate,  multiply  3"  55**91  by  the  number  of  days 
elapsed,  and  subtract  the  product  from  the  first  time  noted ;  the  re- 
mainder is  the  time  the  chronometer  would  shew  if  it  went  uni- 
formly, and  the  difference  between  this  and  the  time  it  shews  is  the 
difference  of  the  error  for  the  interval,  which  gives  the  daily  rate. 

Es.  At  an  observation  of  a  star  on  May  ist,  the  chron.  ahewed  7k  51"  11';  after  font 
days  it  ahewed  7*  35"  44*6 :  required  the  Daily  Rate. 

First  time  noted       7^51"  11* 

3-55-91*4       ~ '5  43*6 

7   35   »7'4 
7    3S   44*6 

Gaining  in  four  days  17*2    hence  the  daily  batk  i«  4*3,  jafaks. 

The  disappearance  of  a  star  behind  any  elevated  object  answers 
the  same  purpose. 

[3.]  By  Different*  if  Ltmg  fade. 

823.  When  the  error  of  the  chronometer  upon  the  time  at  any 
known  place  A  is  compared  with  the  error  on  the  time  at  another 
known  place  B,  the  difference  between  these  two  errors  is  the  diff. 
long.,  in  time,  between  the  places.  Hence  if  the  difference  of  the 
errors  does  not  agree  with  the  Diff.  Long,  found  from  Table  10,  or 
in  Table  of  Secondary  Meridians,  p.  392,  the  discrepancy  arises  from 
a  wrong  rate  having  been  employed  in  the  interval  between  the 
observations  for  time,  and  the  true  rate  may  be  found  by  trial,  as 
in  the  following  example  1 — 

Ex.  At  Falmouth,  Feb.  3d,  at  3h  io»  i8»  M.T.  by  obsenration,  the  chron.  ahewed 
4*  3 1"  47*t  or  was  ih  n«i9*  fast  At  Funchal,  on  the  12th,  at  5*  30"  27*  M.T.,  or  o'l 
days  afterwards,  the  chron.  shewed  7*  29"*  34*.  The  supposed  rate,  2*3  gahuny.  The 
D.  Long,  in  Table  10  A  is  47"  28*.     Required  the  true  rate. 

Obs.  at  Falm.,  T.  by  chron.    4*  3 1-47-      |   Oba.  at  Funchal,  T.  by  chron.  7h  29*34* 

M.T.  by  obs.          3   20    18       I                            2»3  x  9-1  d.  yam  —21 

ist  error,  fast        1    11   29       I  7  29   13 

M.T.  by  obs.  $  30  27 

2d  error,  fast  1  58  46 

1st  error,  ditto  1  1 1   29 

Difference,  or  ckron.  Z>.  Lom§.  4?   17 

This  diff.  should  be  47"  28*,  or  is  too  small  by  1 1*.  By  inspecting  the  process,  it  is 
ttUent  that  the  quantity  21s  (which,  from  the  nature  of  the  case,  is  supposed  to  be  in  error) 
is  too  large  by  1 \\    The  bate,  therefore,  is  10*  divided  by  9*1,  or  i**i  fomtay. 

When  one  error  is  fast  and  the  other  slow,  make  them  both  fast 
or  both  slow,  by  adding  or  subtracting  any  number  of  hours. 

3.  Keeping  Account  of  the  Chronometer. 

824.  In  keeping  account  of  tlte  chronometer,  the  error  011 
G.M.T.  is  entered  in  a  book  as  fast  or  slow,  with  the  date,  and  the 
rate  is  applied  to  this  according  as  it  is  gaining  or  losing,  day  by 
da  v. 

If,  after  a  time,  the  lon#.  or  G.M.T.  be  obtained  independently, 
U.e  error  on  G.M.T.  is  found;  if  this  does  not  agree  with  the  rate 
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allowed,  a  new  rate  must  be  assigned  from  consideration  of  the 
eircumstances. 

825.  As  it  is  impossible,  without  an  independent  reference,  to 
determine  whether  a  chronometer,  A,  is  gaining  upon  another,  B, 
or  B  is  losing  while  A  goes  as  before,  no  direct  rules  of  certain 
application  can  be  given  for  reducing  the  rates  of  chronometers  by 
mere  comparison.  Since,  however,  it  may  be  presumed,  in  general, 
that  in  a  number  of  watches  the  true  time  will  be  that  shewn  by 
the  majority,  regard  being  had  to  the  quality  of  each,  it  is  proper 
to  keep  an  account,  in  which  an  approved  watch  being  taken  as 
the  standard,  the  rest  are  severally  compared  with  it  every  day. 

It  is  convenient  to  distinguish  the  chronometers  by  letters,  as 
A,  B,  C,  &c,  and  to  write  the  difference  between  A  and  B  thus, 
A — B;  that  between  A  and  C  thus,  A— C,  over  each  column. 

Advantage  should  be  taken  of  favourable  opportunities  of  land- 
ing at  well-determined  places  (see  Table  of  Longitudes  accepted 
for  Secondary  Meridians,  p.  892)  for  good  observations  of  time, 
because  the  diff.  long,  between  the  places  will  at  once  discover 
any  considerable  change  in  the  rate,  afford  means  of  correcting  it, 
and  be  a  means  of  obtaining  the  sea-rates  of  the  chronometers. 


CHAPTER  VII. 

Finding  the  Longitude. 


I.  By  the  Chronometer.  II.  By  the  Lunar  Observation. 
III.  By  the  Altitude  op  the  Moon.  IV.  By  an  Occultatjon, 
V.  By  Eclipses  op  Jctpitbr's  Satellites. 

826.  The  apparent  motions  of  the  celestial  bodies  parallel  to  the 
equator,  produced  by  the  revolution  of  the  earth  round  its  axis, 
being  perpetual,  no  fixed  point  or  circle  can  be  obtained  from  which 
the  longitude  of  the  observer,  which  is  measured,  like  right  ascen- 
sion, on  the  equator,  may  be  determined.  Longitude,  accordingly, 
can  be  ascertained  only  with  reference  to  the  meridian  of  some  other 
place ;  and,  as  it  is  measured  by  time  (No.  193),  it  is  determined  by 
comparison  of  the  time  at  place  with  the  time  at  some  other  place. 

I.  By  the  Chronometer. 
1.  Determination  of  the  Absolute  Longitude. 

827.  The  most  convenient  method  of  finding  the  longitude  is 
by  comparison  of  the  time  at  place  with  the  time  at  Greenwich, 
as  shewn  by  a  chronometer. 

The  mean  time  at  place  being  found  (Chapter  VI.),  take  the 
difference  between  this  time  and  the  time  by  chronometer,  brought 
up  to  the  time  of  observation  by  applying  the  error  with  the  rate. 
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WLeu  the  time  at  Greenwich  is  the  least,  the  long,  is  E.;  whi«n 
the  greatest,  it  is  W. 

Ex.  1.  The  M.T.  at  place  is  3*  48"  %• ;  the  O.M.T.  fa  4*  15"  1  !• :  hence  the  Long,  of 
the  place  is  oh  27"»  <ft  or  6°  47'  15"  W. 

Ex  2.  The  M.T.  at  place  is  7h  14"  12*;  the  O.M.T.  is  ah6»  57*:  hence  the  Long,  is 
5«7"aO.  or  76*  51' 15*  E. 

828.  Degree  of  Dependance.  The  time  at  place,  as  deduced  from 
observation,  and  the  time  shewn  by  chron.,  being  both  liable  to 
error,  the  error  of  the  resulting  longitude  is  made  up  of  the  sum  or 
difference  of  these  two  errors. 

829.  When  the  rate  of  the  chronometer  has  changed,  and  the 
long,  is  required  at  a  time  past,  the  error  of  the  chronometer  at  the 
time  proposed  must  be  deduced  from  the  two  rates  by  consideration 
of  the  circumstances,  as  no  rule  can  apply  to  all  cases. 

2.  Determination  of  Difference  of  Longitude. 

830.  The  ordinary  method  is  to  find  the  absolute  longitudes  ot 
both  places  by  comparison  of  the  Green wich  mean  time,  as  above 
described,  and  then  to  take  the  difference  between  them. 

Ex.  M.T.,  at  a  place  A,  is  3*  1  iw  43%  when  the  G.MT.  is  7*  7"  18*:  hence  the  long 
iff  A  is  3*  ssm  15*  W.  Again,  some  days  afterwards  the  M.T.,  at  a  place  B,  is  ib  19"  45*, 
when  the  G.M.T.  is  6h  26"'  34*:  hence  the  long,  of  B  is  4h6"»49«  W. 

The  Dirr.  Long,  between  the  places  is,  therefore,  1  im  14*,  and  B  is  west  of  A. 

831.  But  it  is  more  concise,  in  a  Question  relating  to  a  difference 
only,  to  proceed  without  regard  to  tne  absolute  longitude  of  either 
place,  by  considering  merely  the  error  of  the  chron.  on  the  time  at 
each  of  the  two  places,  as  in  the  following  example: — 

Ex.  1.  At  3h  i  im  43»  M.T.,  by  obs.  at  a  place  A,  the  chronometer  shewed  5*  \\m  19*,  or 
was  ih  59"  36*  fast  on  the  time  at  A.  Again,  some  days  afterwards,  at  2h  19*" 45*  M.T.,  it  a 
place  B,  the  chron.  (after  applying  the  rate)  shewed  4*  30"  35',  or  was  2h  10*  50*  fast  on  the 
time  at  B. 

Now  it  is  evident  that  if  A  and  B  were  in  the  same  long.,  the  chron.,  supposing  the  rate 
truly  determined,  would  have  the  same  error  at  each  place ;  and  hence  the  difference  ol  the 
arrors,  ih  59«M  j^  and  2h  iow  5c*,  or  1  iu  14%  is  the  Dirr.  Long. 

Since  the  chron.  \&  fatter  at  B  than  at  A,  the  time  at  B  is  behind  that  at  A,  or  B  is  west 
•f  A. 

The  proceeding,  reduced  to  a  rule,  is  as  follows : — 

Find,  by  observation,  the  error  of  the  chron.  on  the  time  at 
place.  Having  moved  to  another  place,  take  an  observation  for 
I i ura;  correct  the  time  shewn  by  the  chron.  by  applying  the  rate 
for  the  time  elapsed  since  the  former  observation,  and  find  the  error: 
th^  difference  of  the  two  errors  is  the  diff.  long. 

When  the  chron.  is  fast  at  both  places,  the  place  at  which  the 
error  is  the  greatest  is  west  of  the  other. 

When  the  chron.  is  slow  at  both  places,  the  place  at  which  the 
error  is  the  greatest  is  east  of  the  other. 

When  the  chron.  is  fast  at  one  place  and  slow  at  the  ether  (as 
waj  occur  when  the  error  is  less  than  the  diff.  long.),  add  5  or  6 
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hours  to  each  of  the  times  by  chron.  in  order  to  render  both  th* 
errors  of  the  same  kind. 

Ex.  2.    At  A,  M.T.  5k  36*  io»,  chron.  6h  36"  20%  error  ik   o"  io*  ftwrt 
At  B,  M.T.  3   28    30,   chron.  4     9   20,   error  o  40  50 
A  west  of  By  Dirr.  Long,  o   19  20 

&52.  Since  the  whole  value  of  a  chronometric  determination 
defends  upon  the  rate  of  the  chronometer,  and  since  the  rate  is 
liable  to  change,  the  result  is  better  as  the  time  occupied  in  the  rim 
is  less.  This,  however,  does  not,  in  strictness,  apply  to  interval* 
less  than  24  hours;  for  the  works  go  through  an  entire  revolution 
in  24  hours,  and  the  rate,  which  is  determined  for  an  entire  day, 
may  be  unequally  distributed  over  different  parts  of  the  24  hours. 
For  extreme  precision,  the  rate  should  be  known  for  given  intervals 
on  the  dial-plate. 

833.  Wnen  the  ship  returns  without  loss  of  time  from  a  place  to 
that  from  which  she  set  out,  the  opportunity  will  in  general  be  very 
favourable  for  determining  the  difference  of  longitude. 

834.  While  a  chronometer  continues  to  gain  or  to  lose,  tlie  differ- 
ence of  longitude  shewn  by  it  between  two  places  will  be  differently 
affected,  according  as  it  is  measured  eastwards  or  westwards:  hence, 
if  the  differences  do  not  agree,  the  true  diff.  long,  will  be  between 
them. 

When  the  chron.  gains  on  its  rate,  the  computed  long,  is  to  the 
west  of  the  true  long. ;  when  the  chron.  loses  on  its  rate,  the  com- 
puted long,  is  to  the  cast. 

If  the  rate  is  steady,  the  true  diff.  long,  will  be  correctly  found 
by  dividing  the  error  according  to  the  number  of  the  days  in  th* 
two  passages. 

3.  Communication  of  Chronometric  Differences. 

835.  Individuals  possessing  one  or  more  good  chronometers  fre- 
quently have  opportunities  of  furnishing,  verifying,  or  correcting 
meridian  distances.  It  is  proper,  therefore,  here  to  enumerate  the 
considerations  which  influence  the  value  of  the  results,  more  espe- 
cially as  many  such  determinations  are  communicated  to  authority 
from  time  to  time,  which,  however,  not  being  accompanied  with  the 
details  necessary  for  an  estimation  of  their  value,  remain  unem- 
ployed. 

(1.)  It  is  absolutely  necessary  to  specify  or  to  describe  the  exact 
spot  of  observation  at  each  place. 

(2)  The  number  of  days  employed  in  the  run,  or  in  the  interval 
between  the  observations  for  time,  or  both,  if  these  differ  much, 
together  with  the  number  of  chronometers,  should  be  expressed  ;  also, 
the  tunes  and  manner  of  rating,  and  the  character  of  the  rate,  as 
steady  or  unsteady,  should  be  briefly  noticed. 

(3.)  The  makers  name  and  the  number  of  the  chronometer  should 
be  specified,  because  the  character  of  a  watch  affects  the  value  of 
%  determination  in  which  it  is  employed. 
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(4.)  When  there  are  several  chronometers,  the  result  eiveu  by 
each  should  be  exhibited.  The  general  arithmetical  mean  should  be 
given,  and,  besides  this,  an  estimated  mean,  obtained  by  giving  more 
or  less  weight  to  the  several  results,  according  to  the  performance 
of  each  chronometer,  and  of  which  the  observer  alone  can  be  a 
judge.  The  two  final  results  should  be  expressed  in  time,  and  also 
m  arc,  for  the  more  ready  comparison  of  positions  on  the  chart. 

(5.)  The  extreme  difference  of  the  greatest  and  least  results  by 
the  different  chronometers  employed  should  be  stated,  as  this  shews 
whether  the  chronometers  went  well  together  or  not;  for,  though 
their  going  together  does  not  prove  that  all  or  any  of  them  are 
right,  their  not  going  together  proves  that  some  of  them  are  wrong. 

(6.)  All  observations  for  the  longitudes  of  places  are  supposed 
to  be  made  by  means  of  the  quicksilver,  unless  the  contrary  is  ex- 
pressed. When  the  altitudes  are  taken  firom  the  sea-horizon,  the 
result  should,  therefore,  be  distinguished  by  the  word  (sea). 

(7.)  It  will  be  useful  to  state  the  temperature  of  the  chronometer- 
room,  and  to  remark  whether  it  has  remained  constant  or  been 
subject  to  variation.  Also,  the  general  direction  of  the  ship's  head 
should  be  noted. 

(8.)  Lastly,  every  result  should  be  given  without  any  regard  as 
to  whether  it  agrees  or  not  with  received  determinations.  Many 
received  positions  are  very  erroneous,  and  the  only  means  by  which 
they  can  be  decisively  rectified  are  the  comparisons  of  independent 
and  impartial  evidence. 

In  the  following  example,  D.  L.  is  the  abbreviation  of  Diff. 
Long.;  ch.  is  that  of  chronometers;  d.  that  of  days;  and  the  ex- 
treme difference  is  denoted  by  the  number  of  seconds  enclosed  in 
brackets,  implying  limit  or  boundary.* 

Ex.     May,  1838,  Capt  A.,  of  H.M.S. ,  sailed  from  Barbados  to  Port  Royal, 

Jamaica,  the  points  of  observation  being  Engineers'  Wharf  and  Fort  Charles.  He  carried 
five  chronometers,  viz.,  No.  151,  Molyneux ;  No.  192,  Breguet;  No.  702,  Arnold  and 
Dent;  No.  650,  Parkinson  and  Frodsham;  and  No.  490,  M'Cabe.  The  passage  occupied 
seven  days.  The  extreme  difference  of  the  results  was  7  seconds  of  time.  The  arithmetical 
mean  was  ih  8*  49*;  the  estimated  mean,  ib8"  52".  The  temperature  of  the  chronometer- 
room  ranged  from  78°  to  fto° ;  the  ship's  head  chiefly  west 

These  particulars,  abbreviated,  stand  thus : — 

CJapt.  A.,  May  1838,  D.  L.  Barbados  (Eng.  Wharf)  to  Port  Royal  (Fort  Charles),  5  cH. 

7d-     [7*]  „      ,      m 

Arith.  Mean,  ih  8m49»  =  170  12'  15" 
Estim.  Mean,  1   %   52*17    13     o 

i»  8-4* 

1   8   52 

1   8   53    Temp.  780  to  8o°     £i°] 

1    8  45     Head  west. 

1    8  49 


M. 

No.  152 

B. 

No.  192 

A.  and  D. 

No.  702 

P.  and  F. 

No.  650 

M'C. 

No.  490 

*  ThU  plan  was  proposed  in  the  Navt  Mag.,  1839,  p.  402,  to  which  the  reatai  k 
referred  for  otb*  details  of  the  subject. 
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II.  The  Lunar  Observation. 

Owing  the  Distance,  New.  842, 844 ,  845— Lunar  Obs.  by  the  Sun.  No.  847—  Lunar  Obt  by 
a  Star  or  a  Planet,  No.  849— Special  Corrections,  No.  851 — Degree  of  Dtpendauce, 
No.  858— Calculation  of  Altitudes,  No.  863. 

836.  The  angular  distance  of  the  moon  from  any  celestial  body 
being  in  perpetual  change,  each  of  the  several  degrees  of  magnitude 
through  which  it  passes  corresponds  to  a  certain  instant  of  time. 
.Accordingly,  the  distance  of  the  moon  from  the  sun  and  certain 
other  bodies,  at  the  end  of  every  three  hours,  being  given  in  the 
Nautical  Almanac,  the  observation  of  this  distance  affords  the  means 
of  determining  the  time  at  Greenwich,  and  thence  the  longitude  of 
the  observer. 

This  observation,  on  account  of  its  great  importance  at  sea,  has 
been  distinguished  by  the  name  of  the  Lunar  Observation. 

837.  If  the  distance  between  the  moon  and  the  other  body  were 
the  same  to  the  spectator,  whether  he  were  at  the  surface  or  the 
centre  of  the  earth,  there  would  evidently  be  nothing  more  to  do 
than  to  measure  the  distance  by  an  instrument,  to  find  from  the 
Nautical  Almanac  the  Greenwich  time  corresponding,  and  to  com- 
pare this  time  with  the  time  at  place.  But  the  refraction  of  the 
sun,  a  star,  or  a  planet,  being  greater  than  its  parallax  in  altitude, 
causes  one  of  these  bodies  to  appear  above  its  true  place ;  while,  on 
the  contrary,  the  moon's  parallax  in  alt.  being  greater  than  her 
refraction,  causes  her  to  appear  below  her  true  place. 

Z  is  the  zenith,  S  and  >  the  true  places  of  the  sun  (or  star)  and 
moon,  8*  and  )> '  their  apparent  places.  Then  S  D  is  the  true 
distance,  and  8'  D '  the  apparent  distance 


»i  j/ 


Fig.  2.  Fig.  3. 


SS'  is  the  sun's  corr.  of  alt.,  dd'  the  moon's  corr.  of  alt.  In 
fig.  1,  where  the  j>'s  alt.  is  the  lesser,  the  ann.  dist.  exceeds  the 
true,  for  >'  is  farther  from  8  than  )>  is,  and  W  is  also  farther  from 
D  than  S  is.  In  fig.  2,  the  app.  dist.  is  the  lesser.  In  fig.  3,  both 
angles  at  S  and  D  are  acute,  as  is  the  case  when  the  alts,  are  nearly 
equal,  and  always  when  the  distance  exceeds  85°. 


302  KAUT1CAL  ASTRONOJTf. 

Ai  l^  w  always  less  than  bffy  the  arc  >  m,  fig.  3,  of  a  circle, 
baring  it*  centre  at  S,  is  nearly  a  right  line,  and  \?m  (which,  from 
(he  apparent  place  of  the  moon,  is  here  the  excess  of  the  app.  dist. 
a  bo  re  the  true)  is  equal  to  )>'  cos.  of  the  angle  at  >'.  The  like 
term  (or  1st  correction  of  the  app.  dist.)  for  the  sun  is  SS7  cos.  S, 
or  SS  cos.  8*  nearly.  This  is  the  principle  of  the  approximate 
methods.* 

Hence  the  apparent  distance  between  the  moon  and  the  other 
body  differs  from  the  true  distance,  except  in  the  particular  case  in 
which  the  two  opposite  effects  happen  exactly  to  compensate.  This 
last  circumstance  may  sometimes  occur  during  the  time  that  two 
bodies  within  distance  are  above  the  horizon,  but  not  being  discover- 
able from  the  observation  it  is  productive  of  no  simplification. 

The  process  of  reducing  the  apparent  to  the  true  distance,  or 
removing  the  effects  of  parallax  and  refraction,  is  called  Clearing 
the  Distance. 

838.  It  is  evident  from  the  above  that  the  difference  between  the 
true  and  apparent  distances  depends  almost  entirely  on  the  cor- 
rections of  altitude  (No.  438) ;  and,  consequently,  is  affected  by 
every  variation,  however  minute,  of  those  corrections.  Also,  since 
the  most  rapid  change  of  distance  is  about  1°  48'  in  three  hours,  tlm 
effect  of  1'  error  of  dist.  is  26'  of  long.,  or  the  effect  of  15"  error  of 
distance  is  &  of  long.,  in  the  most  favourable  case.  Hence  it  may 
become  of  great  importance  to  the  accuracy  of  the  result,  in  many 
cases,  that  the  heights  of  the  barometer  and  thermometer  should  be 
noted  at  the  time  of  observation. 

839.  The  lunar  observation,  which  is  the  only  independent  me- 
thod of  finding  the  longitude  generally  available  at  sea,  is  also,  from 
not  being  confined  like  some  others  to  a  particular  instant,  of  service 
on  shore.  A  single  observation,  however,  is  not  capable  of  affording 
a  decisive  result;  great  practice  is  necessary  for  measuring  the 
distance  successfully  ;  and  the  application  of  so  many  small  cor- 
rections as  are  necessary  when  accuracy  is  required  is,  even  with 
extraordinary  care  and  some  skill,  scarcely  compatible  with  extreme 
precision. 

840.  Li/nits.     The  distance  must  fall  between  the  greatest  and 

*  The  approximate  process  will  *»  easily  intelligible  by  attending  to  the  following 
considerations. 

The  moon  must  always  be  rmued,  and  the  sun  or  star  lowered,  to  attain  their  true  places. 
Now,  when  the  moon  is  the  lower  of  the  two  bodies,  it  is  evident  that  raising  her  will 
diminish  the  apparent  distance ;  that  is,  her  correction  of  distance  most  be  subtract**. 
Again,  when  she  is  the  higher  body  it  is  generally  additive.  When  the  son  or  star  is  the 
lower  body,  loweri*§  it  will  increase  the  app.  dist ;  its  corr.  of  dist.  is  therefore  additive, 
but  subtractive  in  general  when  the  uppermost  body. 

The  angle  at  the  lower  body,  Z  )'S\  or  ZS^j',  is  alwaye  acute,  the  corresponding 
angle  at  the  other  body  will  generally  be  obtuse  when  the  altitudes  are  very  unequal,  and  the 
dist.  not  great. 

The  correct**  of  diet,  in  Method  1.  is  the  D.  Lat.  corresponding  to  this  angle  as  a 
fnurse,  and  the  corr.  of  alt  as  Dist.  The  sum  or  diff.  of  the  Dep.  and  N  is  the  cosine  of 
the  angle  in  question  to  the  radius  100.  When  the  dist  is  less  than  90 J  and  the  Dep. 
greater  than  N,  the  angle  is  acute,  but  obtuse  when  the  Dep.  is  the  lesser.  Thus,  in  Ex.  1 
the  angle  at  the  moon  is  bb°\  ;  that  at  the  star,  76°. 

When  the  moon's  alt  amounts  to  nearly  80°,  or  when  the  distance  is  so  small  as  20°,  M 
and  N  vary  irregu  irly,  and  Method  I.  does  not  serve  weU. 
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least  distances  in  the  Nautical  Almanac.  The  alts,  should  not  be 
less  than  5°  or  6°;  and,  when  the  barometer  and  thermometer  are 
uot  at  hand,  not  less  than  12°  or  15°,  especially  in  very  hot  or  very 
culd  weather. 

As  the  chief  part  of  the  computation  consists  of  clearing  the 
distance,  it  will  be  more  convenient  for  reference  to  consider  this 
portion  of  the  work  separately. 

1.  Clearing  the  Distance* 
[1.]  Approximate  Method*. 

841.  In  these  methods  the  object  is  to  find  the  correction  of  the 
apparent  distance  due  to  the  corrections  of  altitude  of  each  body. 
The  first,  or  that  by  inspection,  is  performed  by  means  of  the 
Spherical  Traverse  Table ;  and  the  second,  by  logarithms,*  is  a 
useful  and  convenient  process,  without  the  embarrassment  of  various 
cases,  and  requiring  only  four  places  of  figures. 

The  approximate  methods  are,  in  general,  not  susceptible  of 
much  precision  when  the  distance  is  less  than  20°. 

842.  Method  I.  By  Inspection.  (1.)  For  the  Moon's  Correction 
of  Distance.  With  the  moon's  app.  alt.  and  the  compl.  of  the  app. 
dist.  to  90°,  take  out  M  and  N. 

With  the  sun's  or  star'sf  alt.  as  Course,  and  M  as  Dist.  find  the 
Dep.,  which  place  under  N. 

When  the  distance  is  les*  than  90°,  take  the  difference  of  this 
Dep.  and  N,  marking  the  Dep.  according  as  it  is  greater  or  less 
than  N. 

When  the  distance  is  greater  than  90°,  take  the  sum  of  the  Dep 
and  N. 

With  the  Dist.  100,  and  the  said  diff.  or  sum  as  D.  Lat.,  find  the 
Course.^  With  this  course  and  the  moon's  corr.  of  alt.  as  Dist.,  find 
the  D.  Lat;  this  is  the  moon's  correction  of  distance. 

For  the  Moon's  2d  Corr.  Enter  Table  56  with  the  app.  dist. 
and  the  moon's  corr.  of  alt.,  and  take  out  the  seconds.  Enter  again 
with  the  corr.  of  dist.  and  take  out  the  seconds.  The  difF.  of  these 
two  quantities  is  the  2d  corr.,  which  apply  as  directed  in  the  Table. 

(2.)  For  the  Sun's  or  Star's  Correction  of  Distance.  With  the 
sun's  or  star's  app.  alt.  and  the  co-dist.,  take  out  M  and  N. 

With  the  moon's  alt.  as  Course  and  M  as  Dist.  find  the  Dep., 
which  place  under  N,  marking  it  as  greater  or  less  than  N  when 
the  dist.  is  less  than  90°. 

Take  the  diff.  or  sum  as  before  directed. 

With  the  Dist.  100  and  this  diff.  or  sum  as  D.  Lat.  find  the 
Course.  With  this  course  and  the  sun's  or  star's  corr.  of  alt.  as 
Dist.  find  the  D.  Lat.;  this  is  the  corr.  of  distance  required. § 

•  This  is  a  slight  variation  of  the  method  commonly  known  among  Minn  as  None'*  4tn 
uethod,  and  attributed  to  Mendoza  Rios. 

t  In  the  case  of  a  planet,  substitute  the  word  planet  for  star  in  the  several  roles. 

t  If  this  sum  or  diff.  exceed  100,  a  mistake  has  been  made. 

%  The  correction  of  distance  may  be  found  more  correctly  by  multiplying  the  diff.  or  sum 
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Note.  In  finding  the  moon'i  corr.  work  to  the  nearest  half  degree  t  and  when  the  sui's 
or  star's  alt.  is  less  than  20°,  take  out  the  Dep.  to  the  nearest  third  or  punier  of  a  degree. 
In  the  sun's  or  ttar's  corr.  work  to  the  nearest  whole  degree. 

Apply  the  corrections  to  the  app.  dist.  as  follows ;  the  result  is 
the  true  distance. 


Distance  lest  than  900 


}  Corr.  of  Dist 


When  the  Dep.  is 

/est 
thanN 


add 


greater 
thanN 


sub. 


©  or  *  Corr.  of  Dist 


When  the  Dep.  is 

greater 
thanN 


lees 
thanN 


add 


>  2d  Correct,  of  Dist.  add 


Distance  greater  than  yo° 


>  Corr.  of  Dist    ©  or  *  Corr.  of  Dist 


sub. 


add 


>  2d  Cortect  of  Dist  sua. 


4S0  20'  29".     ©  corr.  of  alt.  47" ;    >  corr.  of  alt.  45'  35".    (Co-dist  414' 


■?• 


}'s  Corrections. 
37°and4i40,  M  i67l  N 


66-6 
©  4740  and  167,  Dep.   123-1  (gr.) 

WO    565 

Dist.  100  and  D.Lat.  56*5  give  the  Coarse 
554°;  at  which, 

Dist  45*  gives  D.  Lat  25*5      25*  30*' 

35"  *° 

25   50 
(which  sub.,  since  123*1  exceeds  66*6.) 

>  2d  corr.  16" 

5         +  11" 


©'s  Correction. 
©  470  and  4i°,M  194-3,    N    93-2 
J  370 and  194,  Dep.  116-8  (gr.) 

(*f.)    *3*° 
Dist  100  and  D.Lat  13*6  give  the  Course 
760 ;  at  which, 

Dist  4/'  gives  D.  Lat  1 1* 

(which  add,  since  xi6'8  exceeds  93*2.) 

©  corr.  +o°   o'  11" 

>  2  corra.  — a5   39 


A.  dist. 
True  Dist. 


— o  25  28 
48  20  29 

47   55     * 


.  2.    (Dist.  greater  than  900.)    App.  alt.  ©  130  10';  app.  alt  J>  36°6';  app.  dist 
9'  53".     Hor.  par.  59'  42" ;  )  corr.  of  alt.  46'  58" ;   ©  corr.  of  alt.  3'  56".    (Co-dist 


Ex 

I20°  29' 

>  •  Corrections. 
>  360  and  30J0,   M  143-4.    N  4*** 
©  i3i°  and  143-4,  V*P-  3£2 

(sum)  75-7 
100  and  D.  Lat.  75-7  give  Course  410. 
46'  gives  34'7  34' 4*" 

5«"  44 

-35   26 
>  2d  corr.  iao°  and  47 ,  1 1   \         „ 
35.     6  J    "S 


©'1  Correction. 

©i3°and    30°,    M  118-5    N  13*3 

>  360  and  118,  Dep.  69/4 

(sum)  82*7 

100  and  D.  Lat.  82*7,  Course  34°. 

3'    "         " 
5* 


;gives  2  -5, 

o°   2'  30" 
46 

+0     3    16 
-0   35   31 

Trcb  Dist. 

-0   32    15 

I20     29     53 
119     57     38 

(of  the  Dep.  and  N)  by  the  correction  of  alt.,  pointing  off  two  more  decimals  than  the  product 
contains.  '  The  seconds  may  either  be  taken  separately,  or  as  decimals  of  a  minute. 

This  process,  worked  however  roughly,  affords  a  check  against  a  mistake  in  using  the 
Traverse  Table. 

Ex.1  of  No.  842. 


Diff.  56-5 

>  corr.  of  alt  45'  35"  45*6 

Prod.        2576-40 
Pointing  off  two  dec    25-76  or  25' 46" 


Diff.  2yS 

©  corr.  of  alt.  47"       47 

Prod.        1109*2 
Pointing  off  two  dec.     1 1  -09  or  11* 
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Ex.  $.    App.  a-t  •>  7i°o  ;  app.  alt.  >  17° :';  app.  dist.  710 18'  31".     0  son.  of  alt. 
•  1*":  >  corr.  of  ah.  4^30".    (Co-diat.  17*°.) 


>»7°«d    174°,     Mi  174    N     15* 
0  7»°  aad  117,  Dep.  111-3 

95'7 
/  iuo  trad  95*7,  Course  17°. 

46'  44     o" 

30"  19 

-44  *9 

>*Meorr.7*°«d46',    7*\     +  .* 
44-     6  1     +I 


©710  and    170,      M  3^8*4,    N    94*1 
}  170  and  338,  Pep.  153*0 

589 
100  and  58*9,  Course  54°. 

i*'f  0  eorr.  +o°  o'    9* 

-o  44  ** 

-c  44   19 

71183* 

Tnua  Dist.        71  34  13 


Ex.  4.  (Correcting  for  the  barom.  and  theraa.)  Suppose,  In  Ex.  2  abore,  the  Worn,  is 
30*7  in.  and  the  therm.  380;  the  )  oorr.  of  alt.  will  be  46'  54",  by  No.  655,  and  the  0'a 
cctr.of  alt.4'9",  No.  651. 


♦6: 

54 


34  4» 
4f 

-35   13 


* 


3'  ir 
J. 


+  3   *5 
True  Dist.  t\^°  yf  yf 

843.  The  following  examples  exhibit  those  steps  only  which,  in 
proceeding  by  No.  842,  a  practised  computer  will  find  it  necessary 
to  write  down.  The  errors  are  marked  against  each  result  as  given 
in  Dr.  Inman's  "  Navigation." 

Ex.  1.     ©  A.  alt.  »5°ao' ;    J  A.  alt.  25*  35'.     ©  corr.  of  alt.  1'  5*";   >  corr.  of  alt. 
48'  2  1" ;  app.  dist.  1040  3/  49"-    (Co-diat.  14J0.) 

ii*6 


1 144 


<5*°)        *9'  36" 

n 

-29  49 


49_ 

611 

4*.  +V 
o 


1137 


50*0 


(5*°) 


♦  o°  1'  9' 
-o  19  45 
— o  18  36 
'04  37  49 
TauE  DiaT.  104     9   13  (3 '  too  small} 

Ex.  2.    A.  alt.  Spie.  Vug.  48°o';  A.  alt.  >  69°48'.    *  corr.  alt.  51";  >  ditto,  it  39". 
Hor.  par.  55' ;  A.  dist.  550  46'  34".    (Co-diat.  340.) 


35*#7 


13'  54" 

32 

—  >4  *4 


185*3 

77*o 


+  0°   c/48* 

~o    14  11 

-o    13    34 

55  46   34 

True  Dist.     55  33    o  (19"  too  small). 

E*.  3.    A.  alt.  ©  6o°  39';  A.  alt.  >  34°4*'-    0  «"T.  alt.  18";  >  corr.  43#4°"«    Ho*. 
V**.  54' 47"  J  A.  dist  43°  44'  50".    (Co-diat.  46°.) 


180-3 


74*9 
169*1 

94* 


175*1 


IS'" 

II 

-35  45 


71*1 

'S3*' 

82*0 


T) f,a" 


2969 


1868 

'7Q'4 
164 
-o°  €/    4" 
-o   35   33 
-o  35  37 
43   44   5° 
True  Dist.    43     9   13  (17"  too  smaOk 

It  is  evident  from  these  examples,  whhh,  with  those  before  given, 

x 
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exhibit  a  sufficient   variety  of  cases,  that  the  method  is  accurate 
enough   for  navigation  in  the  open  sea. 

844.  Method  II.  By  Logarithms. — Set  down  in  order  the  sun's 
or  star's  app.  alt.,  the  moon's  app.  alt.,  and  the  app.  dist. ;  take  half 
the  sum,  and  subtract  from  it  the  first  term  in  order  (sun's  or  star's 
alt,);  call  the  rem.  the  1st  rem.;  subtract  the  second  term  in  order 
(the  moon's  alt.),  and  call  this  rem.  the  2d  rem. 

For  the  1st  Corr.  To  the  log.  cos.  of  the  moon's  app.  alt.  add 
the  log.  sine  of  the  app.  dist.,  the  const.  9*6990,  the  log.  sec.  of  the 
half  sum,  the  log.  cosec.  of  the  1st  rem.,  and  the  prop.  log.  of  the 
moon's  corr.  of  alt. :  the  sum  (rejecting  tens)  is  the  prop.  log.  ot 
the  1st  correction. 

For  the  2d  Corr.  Take  the  difference  between  the  moon's  corr 
of  alt.  and  the  1st  corr.  Enter  Table  56  with  the  app.  dist.  and 
the  moon's  corr.  of  alt.,  and  take  out  the  seconds.  Enter  again 
with  the  above  difference,  take  out  the  corresponding  seconds,  and 
subtract  them  from  those  taken  out  before :  the  rem.  is  the  2d  corr. 
Apply  this  corr.  as  directed  in  the  table. 

For  the  3d  Corr.  To  the  log.  cos.  of  the  sun's  (or  star's)  app. 
alt.  add  the  log.  sine  of  the  app.  dist.,  the  const.  9*6990,  the  log.  sec. 
of  the  half  sum,  the  log.  cosec.  of  the  2d  rem.,  and  the  prop.  log.  of 
the  sun's  (or  star's)  corr.  of  alt. :  the  sum  (rejecting  tens)  is  the  prop, 
log.  of  the  3d  correction. 

(As  the  2d,  3d,  and  4th  logs,  are  common  to  the  two  corrections, 
it  will  be  convenient  to  take  the  sum  of  these  three  logs.) 

Subtract  from  the  app.  dist.  the  moon's  corr.  of  alt.  and  the  3d 
corr.;  add  the  1st  corr.,  the  sun's  (or  star's)  corr.  of  alt.,  and  apply 
the  moon's  2d  corr.  as  directed  in  Table  56 :  the  result  is  the  true 
distance. 

Ex.  1.     App.  alt.  ©  47°  31  $  app.  alt.  >  36°  52  ;  app.  dist.  48°  20'  29".     Sun's  corr. 
of  alt.  47";  moon's  corr.  of  alt  45'  35". 

©Alt.      470  31'     00a.  98296 

90031 
9'«733  \ 

9'699<>  \  9'969° 

HalfS.      66   21     see       0-3967/ 
1st  Rem.   18   50    cosec.    0*4910 

2d  Rem.    29   29     cosec.  0*3079 

45'  35"  VT-  log-  Q'S965      47"  pr.  log-    **36'3 
lit  Corr.   19  45   pr.  log.  0*9596      3d  Corr.  37",  2*4678 
Diff.*    26 
A.  Dist.  480,  and  }  Corr.  Alt.  46',  Tab.  56,    16" 

26  6 

2d  Corr.    4*  10 

Ex.  J.    App.  tit  0  3**  36',  app.  alt.  >  65°  22',  app.  dist.  8i°  15'  51";  ©'scow,  of 
Kit  I'  22",  J  'a  corr.  of  alt  22'  27"  ;  required  True  Distance. 

1st  Corr.  37",  2nd  Corr.  o,  3d  Corr.  o.  True  Dist.  8o°  55'  23". 

Ex.  3.     App.  alt.  *  500  44',  app.  alt  J)  270  50',  app.  dist.  930  9'  6",  D  'a  corr.  of  alt 
50'  25",  *  corr.  of  alt.  47". 

1st  Corr.  4'  45",  2d  Corr.  o,  3d  Corr.  9",  True  Dist.  920  24'  4"- 

*  This  diff.  is  the  moon's  corr.  of  dist.  by  the  method  No.  842.     The  sun's  or  star's 
corr.  of  dist.  is  found  in  like  manner,  thus  :  47" -37"*  10"  (agreeing  within  l"> 


A.  Dist.         480  20'  20* 

>  Corr.  AH.   —  4$   35 
3d  Corr.  —  37 

47    34    >7 

1st  Corr.  +  19  4$ 

©  Corr.  Alt.  +  47 

>  2d  Corr.  +  10 
True  Dist.  47   54  59 
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[2.]  The  Rigorous  Method. 

843.  Tn  this  method  we  find,  by  calculation,  the  true  distance 
directly  from  the  apparent  distance  and  apparent  altitudes. 

(1.)  Take  both  the  app.  alts,  to  the  nearest  even  or  odd  minute, 
take  their  sum,  and  call  the  supplement  of  it  the  1st  supplement. 

Subtract  from  this  suppl.  the  moon's  corr.  of  alt.,  and  add  to  it 
the  sun's  or  star's  corr.  of  alt. ;  call  the  result  the  2d  supplement. 

(2.)  Take  out  the  Logarithmic  Difference,  Table  73. 

Take  the  app.  dist.  to  the  nearest  even  minute.  Mark  the 
seconds,  if  taken  in  excess,  to  be  subtracted,  or  if  omitted,  to  be  added 
afterwards.  To  this  add  the  1st  suppl.,  take  the  half  sum,  and  from 
the  half  sum  subtract  the  app.  dist. 

Add  the  log.  sines  of  this  half  sum  and  remainder  to  the  log.  diff. ; 
the  sum  (rejecting  tens)  is  the  log.  sine  square  of  an  auxiliary  arc  ir. 

(3.)  Under  x  put  the  2d  suppl.,  take  the  sum  and  the  diff.,  and 
half  the  sum  and  half  the  diff. 

Add  together  the  log.  sines  of  the  last  two  terms ;  the  sum  is  the 
log.  sine  square  of  an  arc,  which  becomes  the  true  distauce  on 
applying  the  reserved  seconds. 

Ex.  1.    A.  alt.  ©  470  31';  app.  alt.  }  360  52  ;  app.  dist.  480  20'  29  . 
Son's  corr.  of  alt.  47";  moon's  H.  P.  58'  35";  moon's  corr.  of  alt.  45'  35 


©  Alt.  470  32'  0 

*       75°  48' 

48" 

>  do.   36   52  0 

2d  Sup.  94   5 1 

12 

84  24  0    1st  Sup.     950  36'    0" 

Sum      170  40 

0 

•    45' 35"+ 47".    -44  48 

Diff.        19     2 

*4 

2d  Sup.     94   51    12 

HalfS.    85   20 

0 

sine        9*998558 

>  360  50',  H.  P.  5*,                9*99579* 
».                     -  5) 

HalfD.    9   31 

12 

sine        9*218363 
pts.  for"          149 

35"t  —45  J 

^47   54 

3* 

sin.  sq.    9*217070 

©47°,                           -14)           -*♦ 

mid 

*9 

Log.  Dif.        $-9957*8 

Ta.D1sT.47  55 

1 

A.  Dist.    480  20'  (19"  omitted) 

1st  Sup.    95   36 

Sam         143    56 

HalfS.      71   58          me        9*978124 

Rem.         23   38          tine         9*603017 

*     75°  48*  48"      sin.  sq.    9576869 

846.  It  is  useful  to  bear  in  mind,  as  a  check  -against  a  gross 
mistake  in  clearing  the  dist.,  that  the  true  and  apparent  distances 
cannot  differ  by  more  than  the  sum  of  the  corrections  of  altitude. 
Again,  when  the  moon's  alt.  is  equal  to,  or  less  than,  that  of  the 
other  body,  the  true  distance  is  less  than  the  app.  dist. ;  but  the 
contrary  does  not  always  hold  when  the  moon's  alt.  is  the  greater. 

2.  Lunar  Observation  by  the  Sun* 

847.  The  Observation.  (1.)  The  alts,  of  the  sun  and  moon  are 
required  at  the  instant  at  which  the  distance  is  observed;  when, 
therefore,  the  observer  has  assistants  provided  with  proper  watches, 
they  will  obtain  the  alts,  during  the  time  that  he  is  observing  the 
distauce.     See  Nos.  560  and  561. 
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When  the  observer  is  alone,  he  will  first  observe  the  alt.  of  the 
body  farthest  from  the  meridian,  then  that  of  the  other  body,  and 
then  the  distance ;  concluding  with  the  alts,  in  the  reverse  order  * 
As  precision  is  not  necessary  in  the  alts.,  one  observation  of  the  ah. 
will  generally  be  enough  at  each  time. 

The  time  by  watch  is,  of  course,  to  be  noted  at  each  contact. 

(2.)  To  observe  the  distance.  Set  the  index  nearly  to  the  dis- 
tance in  the  Nautical  Almanac,  at  the  nearest  estimated  Greenwich 
time ;  put  down  one  or  more  shades  to  screen  the  central  mirror, 
direct  the  sight  to  the  moon,  and,  holding  the  plane  of  the  instru- 
ment in  the  line  joining  the  two  bodies,  vibrate  it  slowly  round  the 
line  of  sight  as  an  axis  till  the  sun's  image  is  seen.  Make  a  contact 
roughly,  clamp  the  index,  put  in  the  telescope  (previously  adjusted 
to  distinct  vision  by  the  moon),  and  complete  the  contact.  See 
note  (,,  p.  182. 

The  relative  brightness  of  the  object  and  image  is  most  conve- 
niently adjusted  by  altering  the  distance  of  the  telescope  from  the 
plane  of  the  sextant  by  means  of  the  screw  for  the  purpose,  as  this 
motion  causes  a  greater  or  lesser  quantity  of  light  to  proceed  to  the 
eye  from  the  silvered  or  brightest  part  of  the  mirror. 

Observe  at  least  3  or  5  distances,  or,  with  the  circle,  3  or  5  pairs. 

When,  at  sea,  the  ship  has  much  motion,  the  observer  fixes  him- 
self firmly  in  a  corner,  or  lies  on  his  back  on  the  deck,  in  order  to 
remove,  as  much  as  possible,  the  sense  of  bodily  effort  and  inconve- 
nience which  disturbs  the  eye  and  the  attention. 

(3.)  For  precision  observe  the  moon's  true  bearing ;  if  she  is  near 
the  zenith,  observe  that  of  the  star  instead. 

848.  The  Computation — (1.)  Having  reduced  the  alts,  to  the 
time  of  the  mean  of  the  distances,  No.  660,  find  the  Or.  Date.  At 
sea,  the  Or.  Date  is  required  only  to  the  nearest  hour ;  but  if  the 
moon's  alt.  is  not  observed,  it  must  be  found  with  precision.  Reduce 
the  hor.  par.,  and  thence  the  semid.,  from  Table  40.  Augment  the 
seraid.,  Table  42.     For  precision,  correct  the  hor.  par.  by  Table  41. 

(2.)  Find  the  App.  Alts,  of  the  centres  by  applying  the  ind.  corr., 
dip,  and  seinid. 

Correct  the  observed  distance  for  ind.  error,  and  add  the  semi- 
diameters  of  th£  bodies :  the  result  is  the  apparent  distance. 

(3.)  Find  the  Sun's  Corr.  of  Alt.  by  subtracting  the  par.  in  alt. 
from  the  refraction.  Find  the  Moon  s  Cor.  of  Alt  by  Table  39. 
Correct  for  the  therm,  and  barom.  whenever  these  instruments  arp 
accessible.     Tables  32,  33. 

(4.)  Find  the  true  distance  by  No.  842,  844 ;  or,  for  precision, 
No.  845,  and  apply  the  corrections,  Nos.  852  and  853. 

(5.)  For  the  G.M.T.  Find,  in  the  Nautical  Almanac,  the  two 
distances  between  which  the  true  distance  falls.  Take  out  the  first 
of  these,  and  set  it  down  under  the  true  dist.,  and  write  against  it 

*  The  reason  of  this  order,  as  a  genera)  rule  in  such  cases,  is,  that  the  outer  body  pre- 
serves uniformity  in  its  change  of  alt.  for  a  longer  time  than  the  other,  and  consequently  its 
alt.  may  l>e  reduced,  by  simple  proportion,  to  an  intermediate  time,  with  less  error  than  the 
•it.  of  the  other  body.     See  No.  558. 
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it*  prop.  log  riven  in  the  Nautical  Almanac ;  note  alio  the  time 
(that  is,  the  three  hours)  corresponding. 

Take  the  difference  between  the  two  distances  thus  set  down,  and 
from  its  prop.  log.  subtract  the  prop.  log.  taken  from  the  Nautical 
Almanac ;  the  remainder  is  the  prop.  log.  of  a  portion  of  time  to  be 
added  to  the  time  from  the  Nautical  Almanac.  The  result  is  the 
G.M.T.  of  the  true  distance. 

For  precision,  see  No.  856. 

The  G.M.T.  being  found,  the  long,  is  determined. 

Ex.  1.     H  M  S.  Eden,  April  7th,  183 1,  lat.  by  ace.  340  30'  S.,  long.  42°  W.f  watch  slow 
on  the  chron.  8h  i6"»  31s;  chron.  slow  of  G.M.T.  4*  54*  33";  height  of  eye,  16  feet ;  ind 
corr.  —  /  36" ;  had  the  following  observations  :  required  the  error  of  the  chronometer. 
TknttbyWatca.  Alt.  "J"  AU.Q  Dtotanc*. 

i2*57«24« 39°*' 

58   36 470  33' 

1   29 66°  o'  8"  (the  mean  of  three  sights.? 

*  47 47   5* 

8    18 36  42 

Redaction  of  the  Altitudes  to  the  time  1 


12 
1 

1 
1 


1 39°  *: 

3642, 


12*  57*24% 

1      1   29 
1     8    i8f 


4"  5* 
10  54 


1-644 

8-782 
0-109 
o*535 


-52' 
39     » 
Moon's  Alt.     38    10 
Reduced  Obs.— Time,  i*  im*9»i  Alt.  "J"  380  10' 
Time  by  Watch  ih    r 

Watch  slow  of  Chron.       8    16 


©  47°  33', 


47   5*> 
*9 


1*  1*  29«. 
c*  58-36% 
I     I   29 
1     5  47. 


2-53« 
7    " 


i'79* 

8601 
0976 

«'37» 


Time  of  Obs.  by  Chron.    9 
Chron.  slow  4 


14    12 


Gr.  Date,*  7th    2    12 


♦  8' 

47    J3 

Sun's  Alt.    47  41 

AH.  Q  470  41';  Obs.  Dist.  66°  o'  8". 

)  H.  P.  on  the  7th,  noon,        56'  34' 

midnt.      56   59 

Var.  in  12*  25 

Prop.  Part  for  %\  4",  H.  P.     56   38 

Corresp.  Scm.  15'  26",  aug.  do.  15*  35". 


Obs.  3  38°io' 

Ind.  CJorr.  -  8' ) 
Dip  -  4  > 

Sera.  —16  )  —28 

J  App.  Alt.  37  42 

>  App.  Alt.  370  40',    H.P 

2  pts.  -  2"  \ 
38  +30  / 
>  Corr.  of  Alt. 


Obs.Q 

Ind.  Corr.  —  8' 
Dip  -  4 

8emid.         + 16 


47°  41' 


+  4 


0  App.  Alt.  47   45 
.56',     43'     5" 


+  28 


0  App.  Alt.  48° 
Par.  in  Alt 


Obs.  Dist.  66°  o'    8" 

Ind.  Corr.  -  /  36" ) 
J  Sem.      +15    35    J 
©  Scm      +15    59  ;   +11  $8 
App.  Dist.  66  24    6 
Refr. 


53' 
-6 


0  Corr.  of  Alt.    47 


>  Alt  37i°»  •**  Co-dist.  23$° 

M  137-5,  N    33-4 
0  474°  and  137*5  Dep.     1014  (gr.) 

(Di!T.)    680 
>  1st  Corr.  -29'  37" 

>2dCorr.44';     f  }  Corr.  +  5" 


43   33 
Clearing  the  Distance  (No.  842),  to  the  End. 


©  Alt.  470  and  230,  M  159-3 
37°  and  159     I 
0  Corr.  +o°   o  24 

}  2  Corn.     — o  29   32 


A.  Dist 
True  Dist 
Do.  ate* 


N45-5 
cp.  957  (gr-> 

50-2 


T.  of  Pr.  Dist 
G.M.T.  2 


— 0 
66 

*9 
»4 

8 
6 

67 

54 
0 

5» 
8 

"      5 

2h  11" 

t     O 

10 
-35' 

p.  log. 
p.  log. 
p.  log. 


•305* 

*44'» 
•1361 


JL. 


*  In  working  by  an  approximate  method,  an  expert  computer  will  irfer  the  Or.  Date 
at  once,  and  perform  many  other  parts  of  the  computation  with  little  or  nc  writing. 
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The  watch  being  flow  of  the  chron.  8h  1 6"  31%  the  time  of  the  obs.  by  the  chron.  it 
l"  i"  %tf  +  %h  1 6"  31",  or  9b  1 8"  o*;  the  chron.  is  therefore  7*  6"  *6»  fast,  or  4*  53*  35* 
•low  of  the  G.M.T.  Now,  by  Table  58,  an  error  of  1  in  the  dist.  causes,  in  this  case,  a* 
erroi  of  a"  8*  in  the  G.M.T. ;  hence  the  result  may  be  considered  as  confirming  the  error 
of  the  chron.  nearly  enough.* 

Ex.  2.  Sept.  a8th,  187S,  at  3*  n"  40*  p.m.,  M.T.  at  ship ;  in  lat.  48°  50'  N.,  long,  ate 
146°  55*  W.;  obtained  the  mean  of  7  distances  between  sun  and  moon  340  48'  16",  obs.  alt. 
Q  aa°  yj\  obs.  alt  X  il°  7';  height  of  eye  16  feet. 


Gr.  Data,  Sept.  *8d  1  ah  59-  ao» 
>'a  Red.  H.P.  60'  35" 

Aug.  Scmid.  16    37 

©'s  alt  aa°  49'  Ref.      a'  18" 

Par.        -8 
0*s  corr.  of  alt  a  10 


App.  Dist. 
O's  App.  Alt. 
y*  App.  Alt 

1 8°  ao'  H.P.  60 


3's  Corr.  of  Alt 
Clearing  the  Distance  by  No.  844. 


35* 


350  ao'  54" 
aa  49 
18  ao 

54'    4 
54   37 


(0  App.  Alt  x»° 49    cos.  9*9646 

>  App.  Alt  18  ao  cos.    9*9774 
App.  Dist   35  ai  situ     9-7024^1 

76  30  96990 1  9'5<*4 

38  15  sec.     0*1050  J 

15  26  cosec. 05749 

19  55  cosec  0-4677 

54'  37*  P.L.  05179  *         a'io"l».L.i*9i95 


Half  Sum 
1st  Rem. 
2d  Utm. 
Corr.  Alt. 
1st  Corr. 
Di«T. 


41  34   P.Uo*6j66  3Cor.a  10  P.L.  191 8a 
«3     3 


Dist 


350  55-  Corr.  38" 
13  a 

2d  Corr.      +  36 


App.  Dist  3  50  ao'  54* 

DCor.Alt54'37*\  _, 
3d  Corr.      a  10 


-50  47 


1st  Corr. 

©•a  Corr.  Alt. 
3d  Corr. 

True  Dist 

At  iah 


34  H  7 
-T4'  34 
+  a  10 
+       36 

35  *  *7 

34  34  33  P.L-MI7 
o  33  54  P-L-7»5' 
0*59-  8' P.L  4834 

la 


M.T.G.      a8aia  59     8 

M.T.S.       a8J    3  11  40 

Long, 


9  47  a8 

- 1460  5a  W. 


feet 


Ex.  3.   Sept.    1st,   1878,  at  4*  40"  a«  r.M  ,   M.T.  at  ship ;    lat   30  a'  N.,  long.  ace. 
i  W.,  obs.  alt  Q  ao°  o'f  obs.  alt  J^  6a°  30',  obs.  dirt.  6i°  a6'  a6";  height  of  eye  18 


Gr.  Date,  Sept  i*  4h  44*"  24" 
>'i  Red.  IIP.  59'  38" 

Aug.  Seiuid.        16   31 


0*8  Alt  ao'  ia' 

Rcf. 

a'  37' 

Par. 

-8 

0a  Corr.  of  Alt 

a  29 

App.  Dist  6i°58'5i,r 

0's  App   Alt  ao  1  a 

>'s  App.  Alt.  6a  4a 
6a°  40'  H.P.  59'  a6   36" 

3's  Corr.  of  Alt  "&6~  5a 


*  The  Nautical  Almanac,  before  1834,  was  computed  for  apparent  time; 
iff  ill  is  therefore  Greenwich  app.  time,  ThU  does  nut  however,  in  any  way 
value  of  a  irerc  eiampie. 


the  above 
illevt  Ui* 
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Hearing  the  Distance  by  No.  844. 


<j)App  Alt.  20"  ii  cos.  9-9724 

>  App.  Alt.  62  42     cos.     9*6615 
App.  Dist.    bi   59     sin.     9-9459  -j 

9*6990  >  0*1653 

sec.     0*5204 ) 
cosec.  0*1020 

cosec.  0*7716 
P.  L.  08261       2'  29"  P.L.  1-8601 


Half  Sum 
1st  liem. 
2d  Rem. 
Corr.  Alt. 
Irt  Corr. 
Diff. 


L44  53 
72  26; 
5a   .4 

9  Hi 
*6'  52" 

3'  39 

4  4/ 


P.L.  07549  3Cor.o'i  8'' P.  1*2*7695 


Disi  620     17  Conr.  4" 
♦2d  Corr.     +  4 


App.  Dist.  -$i°5r  51* 

JCorr.Alt^fl         -  IO 
3d  Corr.        o  18  J      *"  IO 


1st  Corr. 
0's  Corr.  Alt 
2d  Corr. 

61   31  41 
+  31   39 
+    2  29 
+   04 

True  Dist. 
At  3* 

6*     5  53 

6t  7  38  P.L.  2541 
0  58  15  P.L.  4900 
Ih44m33.PL  aJ-- 

3 

4  44  33 
4  40    4 

4  29 

«i°    7'  15"  W, 

M.T.G.       1* 
M.T.S.        i« 

Long. 

Kx.  4.  Sept.  30th,  1878,  at  4*  A4»  46*  f.m  ,  M.T.  at  ship,  lat  170  9'  S,  long,  nee 
1020  40'  W.;  obs.  aluQ  160  12';  obs.  alt.  J^73°  H't  ol>s.  di*»t  6o°  22'  59";  height  of  eye 
|6  feet. 

G.M.T.  Sept.  30*1  nh  35""  26",  corr.  H.P.  58'  59*,  aug  semid.  16'  21",  0*s  app.  alt. 
16°  24',  Ts  app  alt  730  26',  app.  dist  6o°  55'  21";  0's  corr.  of  alt.  3'  8",  3>'s  corr.  of  air. 
16'  32",  true  dist  6i°  10'  36".  Long.  1020  47'  30"  W. 


3.  Lunar  Observation  by  a  Star  or  a  Planet. 

849.  The  Observation.— Take  the  alts,  as  directed,  No.  847.  In 
taking  the  distance,  direct  the  view  to  the  star,  make  the  contact 
nearly  between  the  star  and  the  illuminated  edge  of  the  moon,  whether 
it  be  the  nearest  or  farthest  limb;  clamp  the  index,  put  in  the 
telescope  previously  adjusted  to  distinct  vision  by  the  star,  and  com- 

[)lete  the  contact  by  bisecting  or  splitting  the  star  upon  the  moon's 
iinb.* 

When  the  moon  is  bright,  it  is  necessary  to  use  a  shade. 
The  setting  of  the  index,  No.  847  (2),  is  a  more  important  step 
in  observing  with  the  star  than  with  the  sun,  for  the  amount  of  distance 
is  often  the  only  security  for  employing  the  right  star. 

For  precision,  note  the  azimuth  as  directed  No.  847  (3). 

850.  The  Computation.  (1.)  Proceed  by  No.  848  (1).  For  a 
planet,  take  out  the  hor.  par.  from  the  Nautical  Almanac,  and 
reduce  it 

(2.)  Find  the  app.  alts,  as  in  No.  848  (2). 

For  the  app.  dist.,  correct  the  observed  dist.  for  ind.  error.  When 
the  nearest  limb  is  observed,  add  the  moon's  semid. ;  when  the  fart/iest, 
subtract  it. 


*  It  has  been  recommended  to  observe  the  star  open  of  the  moon's  edge,  leaving  a  dark 
■pace  of  about  40'.  But  this  dark  space  will  appear  differently  in  different  telescopes  ;  and, 
moreover,  it  is  better  to  be  in  the  practice  of  observing  accurately  than  loosely. 

The  inaccuracy  which  arises  in  bisecting  a  planet  when  it  is  not,  as  we  should  say  of  the 
moon,  at  the  full,  is  but  small ;  since,  even  in  the  case  of  Venus,  the  only  planet  which  ever 
•pjiears  as  a  crescent  when  observed  with  the  moon,  it  can  scarcely  exceed  6'  or  8'.  It  hai 
been  proposed  to  correct  for  this  by  a  special  computation. 
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(Z.)  Find  the  star's  corn  of  alt,  which  is  the  refraction.  For  a 
planet,  apply  the  par.  in  alt.  from  Table  45.  For  the  moon,  take 
her  corn  out  of  Table  39.  For  precision,  correct  for  the  height  ot 
the  barom.  and  therm. 

(4.)  Find  the  true  distance,  and  proceed  as  in  No.  848  (4),  to  the 
end. 


Ex.  July  i6th,  1826,  near  midnight,  lat  by  mc.  27°  5'  N.,  at  a*  34"  13*  by  the  cnron., 
obs.  alt.  X  350  12';  obs.  alt.  Fomalhaut,  120  51';  obi.  dist  farthest  limb,  700  1'  10*. 
Ind.  corr.  —  20* ;  height  of  eye,  16  feet :  required  the  error  of  the  chron.  supposed  fast  oa 
3.M.T.  ib  6»  »s». 


Time  by  chron. 

Chron.  fest  

G.D.  6th,  past  midnt.     I   2I 


Obs.  Alt.  1 
Dip  -  i\ 
Sem.  +  16  ) 

>  A.  Alt 


35w  >*' 

+  12 


35   *4 

350  20',  and  H.P.  59', 
4.         -  %'\ 
4i  t       +33  i 
>  Corr.  of  Alt. 


*;r 


H.P.  16th,  midnight      59'  42' 
17th,  noon  59   3S 

Var.  in  i*»     7 

Red.  H.P.  59  41 

Corresp  Sem.  16'  16*;  Aug.  do.  16' 27'. 


Obs.  Dist. 
Ind.  Corr. 
)  Sem. 
A.  Dist. 


700    1'  io* 

—  20 

—  16   27 

69  44  23 


46'  47' 

+  3" 

47    »8 


*  AH.         120  4f 


*  Corr.  of  Alt 


412' 


Clearing  the  Distance  (by  No.  842)  to  the  End. 


j  35|°and2o°,    M  130*7    N.  26*0 

*  130  and  131        Dep.  29^5  (gr.) 

3*5 
}  1st  Corr.  —I   36* 

>  2d  Corr.  {♦££')      +6 


i3°and2o°,    M  109*2    N.     8-4 
>  350  and  109        Dep.  62- 5  (gr} 


*  Corr. 
}  2  Corn. 

A.  Dist. 
True  Dist. 
Dist.  at  Mid. 

G.M.T. 

T.  by  Chron. 

Error,  fast 


— o 


12" 

30 


+0 

O 

4* 

69 

44 

*3 

69 

45 

5 

70 

3» 

•S 

46 

10 

1* 

26« 

55' 

2 

34 

'3 

7    18 


54*1 


log. 
log. 
log. 


•2747 
•S9Q9 
'3162 


Ex.  2.  Sept.  7th,  1*33,  p.m.,  lat  30  2'  N.,  long.  4*  om  W.,  at  i2h  57*  8»  by  watch,  obs. 
Ave  distances  of  the  moon's  nearest  limb  from  Aldebaran,  270  47'  12'.  App.  alt.  *  26°  32' ; 
app.  alt  >  530  34' ;  watch  slow  9*  17*  of  M.T. ;  ind.  corr.  —  1'  10' :  required  the  longitude. 

>  red.  H.P.  59'  48';  true  dist,  by  No.  845,  280  37'  if\  dist  at  XV\  290  47'  47*. 

Long.  590  56'  W. 

Ex.  3.  Sept.  2d,  1840,  p.m.,  lat  30  2' N.,  long.  6o°o'W.,  at  8b  48"  39*  by  watch, 
obtained  the  mean  of  5  distances  between  Saturn  and  the  moon's  nearest  limb,  89°  41'  550  ; 
ind.  corr.  —  1'  25*;  watch  slow  of  M.T.  7"  33";  app.  alt.  >  530  3';  app.  alt.  Sat.  230  34'. 

>  red.  H.  P.  60'  44' ;  true  dist.,  by  No.  845,  890  56'  1 1' ;  dist.  at  III*,  890  1'  31'. 

Long.  6o°  i'  W, 

Ki.  4.  July  14th,  1878,  at  a%  iow  o»  a.m.,  M.T.  at  ship,  lat.  220  o'  S.,  Hng.  arc. 
1490  30'  E.,  obs.  alt.  Antarcs  190  33',  obs.  alt.  JJJI°  48',  obs.  di»t  near  limb  71,  %t'  49*, 
height  of  eye  24  feet. 
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O.M.T.  July  13*  4*  ia",  corr.  H.P.  56'  41*.  au?.  semid.  15'  *9*,  *  app.  nit.  19°  28', 
»'s  app.  kit.  510  59'  app.  dist  790  38*  18",  *  corr.  1*44%  >*»  corr.  34'  9*,  true  dist. 
790  29'  41  •.  Long.  1490  33'  E. 

Ex.  5.  June  19th,  1878,  at  4*  vf  a.m  ;  M.T.  at  ship,  lat.  200  10'  N.,  Ion*,  ace.  750  \V . , 
oh*,  alt  Venus  23°  14',  obs.  alt  J  520  54';  obs.  dUt  near  limb  86°  45'  44",  height  of  ejrt 
16  feet 

G.M.T.  June  i8d  2ifc  30m,  corr.  HP.  55'7*»  »«g-  semid.  15*  14*,  Venus'  app.  alt  23°  10', 
>;s  app  alt  530  5';  app.  dist  $7°  ©'  58  ,  Venus'  corr.  %'  9",  Vs  corr.  32'  23",  true  dist, 
16°  43'  48*.  Lou**.  75°  6'  15 "w 

4.  Special  Corrections. 

851.  When  precision  is  required,  it  is  necessary,  besides  removing 
from  the  distance  the  general  effects  of  refraction  and  parallax,  to 
apply  certain  corrections, 

[1.]  Correction  for  the  Elliptical  Figure  ofth*  Ditc. 

852.  Since  the  refraction  of  each  point  of  the  disc  of  the  sun  or 
moon  is  greater  as  the  alt.  of  such  point  is  less,  and  since  the  change 
of  refraction  is  proportional  to  small  changes  of  alt.,  the  tipper  and 
lower  halves  of  the  circular  disc  take  more  or  less  the  figures  of 
ellipses,  the  lower  half  being  more  flattened  than  the  upper  half. 
The  distance,  therefore,  between  the  centre  and  the  limb,  as  it  would 
actually  be  observed,  is  less  than  the  horizontal  semidiameter  of 
the  Tables.  The  elliptical  figure  of  the  sun,  due  to  this  cause,  is 
often  conspicuous  at  rising  and  setting.  The  correction  in  Table  53 
is  to  be  subtracted  from  the  semidiameter* 

[2.]  Correction  far  the  Spheroidal  Figure  of  the  Earth. 

853.  The  true  distance  found  from  the  data,  as  above,  is  deduced 
on  the  supposition  that  the  earth  is  a  sphere,  instead  of  a  spheroid. 
The  true  distance  found  is,  in  fact,  that  corresponding  to  a  sphere  of 
smaller  dimensions  than  those  circumscribed  by  the  equator,t  and 
to  an  horizon  differently  placed  with  respect  to  the  equator,  or  to 
another  latitude  than  that  of  the  spectator. 

Since,  however,  the  mere  change  of  the  place  of  the  spectator 
would  cause  no  alteration  in  the  apparent  angular  distance  of  two 
stars,  the  change  of  distance  arises  solely  from  the  variation  of  the 
apparent  place  of  the  moon,  produced  by  the  changing  of  the  observer's 
astronomical  latitude  for  the  geocentric  latitude.  The  change  of  place 
of  the  moon  is  thus  in  general  the  resultant  of  a  change  both  of  her 
altitude  and  her  azimuth. 

This  correction  is  0  at  the  equator  and  poles,  and  is  greatest  in 
lat  46°.  As  it  cannot  much  exceed  ^  of  the  reduction  of  latitude, 
it  may  in  practice  be  omitted,  but  the  effect  rarely  disappears 
altogether. 

*  We  hare  not  applied  this  correction,  because  at  low  altitudes,  the  only  case  in  which 
it  is  sensible,  the  observation  it  not  to  be  depended  upon  within  such  small  quantities. 

t  The  correction  on  this  account  has  already  been  made  in  the  reduction  of  the  moon's 
equatorial  parallax. 
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854.  To  correct  the  distance. 

Enter  Table  55  with  the  lat.  and  the  alt.  90°,  and  take  out  the 
number. 

For  Part  I.  Enter  Table  5  with  the  complements  of  the  inoon'-j 
azimuth  and  of  the  angle  at  the  moon  (found  by  No.  842  or  844),* 
nnd  take  out  M.     Divide  the  number  by  M. 

For  Part  II.  Enter  Table  5  with  the  moon's  azimuth  and  the 
angle  at  the  moon,  and  take  out  M.     Divide  the  number  by  M. 

The  quotients  are  in  seconds,  and  are  to  be  applied  to  the 
distance  as  follows. 

Note — The  observer  is  supposed  to  face  the  moon,  and  the  aximuth  is  reckoned  from  the 
B.  in  N.  lat,  and  from  the  N.  in  S.  lat 


Parti. 

Part  II. 

>  to  the 

Eastward 

In  N.  Lat. 

In  S.  Lat. 

Angle 
at  the 

leu  than 
9°° 

Sun  o 

to  the 
right 

r  Star 
to  the 

Sun  o 

to  the 
right 

rStar 
to  the 

less  than  900 

greater  than 

90° 

sub. 

add 

add 

sub. 

sub. 

add 

J  to  the 
Westward 

add 

sub. 

sub. 

add 

Angle 
greater 
than  900 

add 

mb. 

Ex.    Lat  48°  N. ;  moon's  alt  30°;  star's  alt.  6i°;  dirt.  540;  moon's  1 
and  the  star  to  the  right. 

The  angle  at  the  moon  is  340. 
The  number  in  Table  55  is  1 100. 


.  S.  7*CE.; 


Co-ai.  18 
1100 
"18? 


Co-ang.  560, 
—  6",  iubtraetive. 


M  188-0 


As.  71°,  Ang.  34°,  M  390 

«•  3"    tubtrmctwe. 

390 

Hence  the  Coerkction  is  —  9". 


855.  When  the  moon  is  near  the  zenith,  or  when  her  alt.  exceeds 
80*,  with  the  lat.  and  the  compl.  of  the  star's  azimuth  as  an  altitude, 
take  out  the  seconds  from  Table  57,  and  divide  their  by  100;  the 
quotient  is  the  correction  required  in  seconds. 

When  the  star's  azim.  (reckoned  as  above)  is  less  than  99°. 
subtract  the  corr.,  otherwise  add  it. 


*  Since  the  angle  at  one  or  both  bodies,  which  is  given  by  the  method  No.  8-12,  is 
necessary  in  making  the  corrections,  No.  852,  853,  and  since  that  method  affords  both  an 
approximation  ty  which  the  long,  by  ace.,  if  greatly  in  error  may  be  corrected,  and  at  the 
same  time  a  check  against  any  important  error  in  the  rigorous  process  iUelf,  it  will  be 
advisable  to  employ  it  on  all  occasions. 

The  angle  at  the  body  may  be  found  from  No.  844,  when  '.hat  method  is  employed, 
thus : — Take  the  sum  of  the  logs.,  rejecting  the  const  9*6990  ana  the  prop,  log.;  the  ar.  co 
log.  of  this  sum  is  the  log.  sine  square  of  the  angle  required. 


Ex.  No.  844. 

8um  of  four  logs. 
Angle  at  )  55°  30 


sin.  sq, 


0*6641 
9*3359 


Sum  of  lo*s. 
Angle  at  ®  77r  i»' 


o*407  S 
•q.  9-5915 
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[S]  Correction  for  the  Inequality  of  the  Moon's  Motion. 

856.  Since  the  moon  does  not  generally  change  her  distance 
from  the  sun  or  a  star  at  the  same  rate,  both  at  the  beginning  and 
end  of  3  hours,  it  is  often  proper  to  apply  a  correction  to  the  Gr. 
M.T.  found,  which,  in  the  extreme  case,  may  be  in  error  50'  of 
long. 

When  the  distance  exceeds  26°,  this  correction  will  not  exceed 
JS'of  long. ;  when  the  distance  is  near  90°,  it  will  not  exceed  2*. 
In  general,  it  is  smallest  in  the  case  in  which  the  sun  or  star  is  in  a 
direction  perpendicular  to  the  line  of  cusps  or  horns. 

857.  Take  the  diff.  between  the  prop.  logs,  in  the  Nautical 
Almanac  against  the  two  distances  between  which  the  given  true 
dist.  falls.  With  this  diff.,  and  the  portion  of  time  found  in  No. 
848  (5),  enter  Table  57,  and  take  out  the  seconds.  When  the  prop, 
logs,  in  the  Nautical  Almanac  are  increasing,  subtract  these  seconds; 
when  decreasing,  add  them;  the  result  is  the  M.T.  at  Greenwich, 
corrected. 

Ex.  1.    Dist.  in  Naat.  Aim.,  preceding  given  dist., 

220  58*  21"    prop.  log.  3079 
following  do.    24   56   56  do.    3054  (decreasing) 

Diff.       15 
Diff.  25  under  Int.  13",  (add)    o*   o*  »• 
o  16     9 

Co&ksctkd  G.  M.  T.  o  26    1 1 

Ex.  2.    In  Ex.  2,  No.  850,  dist.  29°  4/  47"  hat  the  prop.  log.  2527 ;  the  next  in  order 
has  2581 ;  the  diff.  54  gives  14s  to  be  subtracted;  and  the  long,  corrected,  $9°  52'  W. 

858.  Degree  of  Dependance.  The  true  distance  is  affected  by 
errors  of  observation,  and  by  errors  of  computation.  An  error  in 
the  distance,  of  whatever  kind,  produces,  on  the  average,  about  30 
times  its  amount  in  the  longitude;  thus,  10"  error  of  distance 
produce  about  300"  or  5'  error  of  longitude. 

The  observed  distance  is  liable  to  the  ordinary  errors  of  angular 
distance,  the  chief  of  which  are,  perhaps,  most  usually  that  due  to 
defect  of  parallelism  of  the  telescope,  and  that  arising  from  making 
the  contact  above  or  below  the  centre  of  the  field.  Irradiation  is 
also  included  in  the  errors  of  observation. 

859.  The  error  of  the  computed  result  arises  from  two  sources; 
the  errors  in  the  elements  of  the  observation,  and  those  of  the 
method  of  solution. 

(1.)  Under  the  first  of  these  heads  are  comprised  the  errors  in 
the  horiz.  par.  in  reducing  it  to  the  Gr.  Date,  and  for  the  figure  of 
the  earth,  the  error  of  the  tabular  semidiameter ;  *  and  that  of 
refraction  in  low  altitudes. 

(2.)  The  effects  of  errors  of  a  few  minutes  in  the  altitude  are  in- 
sensible.    Hence  an  ill-defined  horizon  is  no  great  detriment  to  a 


*  The  Greenwich  observations  shew  that  the  semidiameter  of  the  moon,  as  given  in 
Bai  :khardt's  tables,  U  3"  too  small.— See  "  Green.  Obs."  1837. 
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good  observation ;  and  hence,  also,  in  computing  the  Altitudes,  pre- 
cision is  not  essential.  This  last  remark  is  worth  attention.,  since 
the  calculation  of  altitudes  is  a  heavy  additiou  to  the  work  of  a 
lunar.  On  the  same  account  it  will  not  be  necessary  to  consider  the 
change  of  place  during  the  observation,  unless  the  second  alt.  of 
either  body  be  lost. 

(3.)  The  importance  of  correcting  for  the  barometer  and  ther- 
mometer has  been  noticed,  No.  838.  The  atmospherical  correction 
is  of  most  consequence  at  low  altitudes,  and  when  the  bodies  are  in 
or  near  a  vertical  plane. 

(4.)  The  smaller  corrections,  namely,  reduction  of  equatorial  pa- 
rallax, corrections  for  elliptical  disc,  for  the  figure  of  the  earth,  and 
for  unequal  motion,  cannot  all  be  applied  the  same  way  in  anv 
observation ;  compensation  will  accordingly  take  place  to  a  consi- 
derable extent  even  when  these  corrections  are  omitted  altogether. 
It  will,  however,  be  advisable  to  apply  the  latter  correction,  No.  856, 
when  large. 

860.  The  error  of  the  method  of  solution,  No.  842,  may  be 
estimated  for  distances  exceeding  50°  at  not  more  than  2(r,  in 
general,  or  lC  of  long. 

Method  II.,  No.  844,  will,  in  the  same  cases,  be  more  accurate. 

861.  The  effects  of  errors  in  general,  and  especially  constant 
errors  of  observation,  are  removed  in  a  considerable  degree  by  ob- 
serving c/jual  distances  on  opposite  sides  of  the  moon,  since  the  errors 
of  the  resulting  longitudes  will  be  of  opposite  kinds.  The  true 
long,  will  not,  however,  be  the  mean  of  the  two  erroneous  longi- 
tudes, unless  the  moon  changes  her  distance  from  both  bodies  at  the 
same  rate. 

When  the  two  longitudes  in  such  a  case  differ  widely,  add  the 
prop.  log.  of  their  difference  in  time  to  the  prop.  log.  of  the  greater 
motion  in  3  hours  (which  is  the  smaller  of  the  prop.  logs,  in  the 
Nautical  Almanac),  and  the  ar.  co.  prop.  log.  of  the  sum  of  the  two 
3-hourly  motions;  the  sum  is  the  prop.  log.  of  a  portion  of  the  time 
to  be  applied  to  the  long,  obtained  by  the  star  whose  prop.  log.  is 
employed. 

Since  the  true  long,  must  fall  between  the  two  given  results,  it 
will  be  known  at  once  whether  to  add  or  subtract. 

When  the  sum  exceeds  3°,  read  the  degr.  and  min.  as  min. 
and  sec. 

Ex.  The  long,  by  Regulus,  in  a  certain  case  of  a  lunar,  if  2h  37*  15";  by  Antares, 
i«  40"'  58* ;  the  distances  being  nearly  equal  on  opposite  sides,  and  observed  by  the  same 
•buerver  with  the  same  instrument.  The  3 -hourly  motion  of  Regulus  is  i°  45'  31",  that  of 
A 11  tares  i°  30'  29" :  required  the  True  Long. 

Long.  Reg.    2*  37*  15* 

Ant.    »  40  58 

t  43 


3-hour,  mot   i°  4?  31" 
do.          1    30  29 
3    16     0 

p.  1.   (i'45'O  2*0101 

ar.  co.  (3'  16")  8-2588 
..     p.  1.                1-6851 

o»    2*  o« 
a    37    15 
Lomq.  req.    %  39   1 5  (9" 

p.l.                 I-Q54* 
more  than  the  mesa). 
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862.  After  the  result  has  been  obtained  with  the  utiuost  care, 
there  remains  the  error  of  the  lunar  tables,  which  appears  to  be 
about  0**5  of  R. A.,  or  4'  of  long.  This  can  be  removed  only  by 
careful  examination  of  observations  of  the  moon,  made  near  the 
same  time  in  a  fixed  observatory.  In  general,  the  result  will  have 
more  value  as  the  moon's  horizontal  parallax  is  greater,  because  her 
motion  is  then  more  rapid ;  on  the  contrary,  the  result  is  of  less 
value  as  the  horiz.  par.  is  less.  Since  the  changes  of  the  moon's 
R.A.,  at  their  maximum  and  minimum,  are  nearly  in  the  ratio  of  5 
to  3  and  since  the  change  of  R.A.  is  in  a  considerable  degree, 
though  not  in  exact  proportion,  greater  as  her  distance  from  the 
earth  is  less,  it  is  evident  that  the  place  of  the  moon  at  the  time  of 
observation  materially  affects  the  value  of  the  result.* 


6.  Computation  of  tJie  Altitudes. 

863.  When  the  altitudes  are  not  observed  they  must  be  calcu- 
lated.    M.T.  is  supposed  to  be  given. 

(1.)  Reduce  to  the  Gr.  Date  the  sid.  time  at  mean  noon,  also  the 
R.  A.  and  decl.  of  each  body,  unless  one  of  them  is  the  sun,  in  which 
case  reduce  the  equat.  of  time  instead  of  his  R.  A. 

(2.)  Find  the  nour-angles,  Nos.  609  to  612,  and  compute  the  alt. 
of  each  body,  No.  667.     See  No.  859  (2). 

For  the  apparent  altitudes.  Take  out  the  corrections  of  altitude 
to  the  true  alts.,  found  as  if  for  app.  alts.,  to  the  nearest  minute,  and 
apply  these  corrections  the  contrary  way  to  that  directed  in  the  rules, 
Nos.  644,  &c.f 


?: 


Ex.  Sept  nth,  1838,  a.m.,  at  Fort  St.  Joaquim,  lat.  30  2'  N.,  long.  4*  o"  W.,  at 
ih  49™  40*  by  watch,  obtained  the  mean  of  five  distances  of  the  sun  and  moon,  82°  16'  5 1". 
nd.  corr.  —  55";  watch  fast  of  M.T.  3,B  aB;  therm.  850;  barom.  29*7  inch. 


T.  by  watch 
Watch  fast 

9>  49»4o» 
-3     2 

)  H.  P.  nth,  noon 
midn. 

56'  56" 
56   32 

M.T. 

Long  W. 

Gr.  Date,  10th, 

9  46   38 
21   46   38 

400 
25   46   38 

Red.  H.  P. 

0  *4 

0     3 
56    56 

56   S3 

or  nth, 

1   46   38 

Semid. 

15   30 

*  In  combining  the  results  of  different  observations  for  the  purpose  of  deducing  the 
longitude  of  a  place,  regard  would  be  had  to  this  and  other  circumstances  in  giving  a  different 
weight  to  each  several  result.  The  final  determination  of  positions,  however,  by  means  of 
observations  made  at  different  times  and  under  different  circumstances,  concerns  the  hydro- 
grapher  or  geographer  rather  than  the  seaman  or  traveller,  and  is  not  a  subject  for  this 
volume. 

t  As  the  altitudes  in  a  lunar  are  not  required  with  precision,  Tables  43  and  44,  which 
are  necessary  to  remove  the  inaccuracy  of  using  the  true  alts,  as  arguments,  will  rarely  be 
employed. 

It  will  be  prudent  to  verify  the  result  by  the  method  of  inspection  (see  Expl.  of 
Table  5),  in  order  to  avoid  entailing  any  material  error  on  the  whole  of  the  subsequent 
oomptttation. 
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Element*  for  computing  the  Altitudes.* 


lid.  T.  mmmi  u*io»i4> 

46-1,  7  i  17 

Red.  S.T.  11   20   31 

M.T.  ai   46   38 


Itq.ofT. 


33 
nth, 
nth, 


Red.  Eq  T. 


7     9 

3   44 
21 

3~*4 


M.T. 

©  H.-ang. 
0  OecL 


Red.  Dec*. 
P.  Dirt. 


2I'•46■38• 

■»•  3   »4 


2     9   58 

40  38*  38"N. 

4   '5   45  N. 

**    53 


1  40 

4   3»  38 

4    36  S*  N. 
85   23 


>  R.A.  nth,  ih, 


5*41-14 
5   43  4» 


2   28 


2»28« 

46   38 
o*    i"55« 
5  4'    '4 


9"5«9 

I-«6j2 

0-5866 
19727 


Red. 


R.A.   5 
33 


>  H.-A. 

>  Deci. 
D.  13" 

J  Decl. 
P.  Dist 


43 
7 


3   *4 


280  36'  48"  N, 

i 
28   38 


61   22 


Computation  of  the  Altitudes. 


©  H.-A.      2"   9W$8* 
Sappl. 


P.D. 

Col. 


Arc 


©  Tr.  Alt. 
Corr.  Alt. 
0  A.  Alt. 


9    50 

2 

85°23' 
86    58 

172 
146 

21 
36 
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*5 

57 
45 

>59 
12 

28 
53 
20' 

57   3* 
♦  1 

57   3* 


•in.  sq.  9*96461 

9-99859 
999939 


sine 
sine 


sin.  sq.  9*96259 


sine       9*54500 
sine       9*34**4 

sin.  sq.  8*89324 


©  57°  3*', 
85°,      -*" 

2,  O 

©  Corr.  of  Alt. 


37" 

3* 

—  2 


>  H.-A.  3b  24"  o* 
Suppl.      8    36     o       sin.  sq.  9*91098 


P.D. 

Col. 


Arc  x 


6l°22' 

86  58 
148  20 
115   21 

**3  4i 
3*   59 

131  50 
16   29 


54°  45' 
>Tr.  Alt.  35  15 
Corr.  Alt.  -46 
>  A.  Alt.     34  29 


sine 
tine 

9'94335 
9*99939 

tin.  sq. 

9*8537* 

sine 
sine 

9*87221 
9*45291 

sin.  sq. 

932512 

82°i6/  51 

-55 

82    15   56 

+  »5   55 

+  >5   5o 

+  9 

A.  Dist.  82  47   50 


>   34°  *o',  H.  P.  56', 

9  -4" 

53"  +43 

85°*    -5W| 
>  Corr.  of  Alt. 


44'  50" 


Lono.  6o°  5'  30"  W.f 


to  desr  the  distance  by  No.  845,  the  log.  diff.  is  9*996092,  and  the  true  dist. 

theG.M.T.  ih47*o%  or 


to  dear  the  distance  by  No.  845,  the  log.  diff.  is  9*9 
le  neit  dist.  preceding  is  820  58'  33",  at  noon ;  and  tl 


*  To  adapt  this  form  for  computing  the  altitudes  to  the  case  of  a  planet,  put  the  plt&et'a 
■°r'  PS;-.m  £*  P1*0*3  of  the  *lnait-  of  time ;  «nd  in  the  next  column  the  planet's  R.  A. 

t  This  observation,  and  those  in  Examples  2  and  3  of  No.  850,  were  taken,  with  severe) 
txoere,  by  Sir  Robert  Schomburgb,  to  whom  I  am  indebted  for  them. 
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III.  By  the  Moon's  Altitude. 

864.  Since  Mean  Time  is  determined  by  the  hour-angle  and 
R..\.  of  a  celestial  body,  the  R.A.  may  be  determined  from  the  M.T. 
and  the  hour-angle,  the  latter  being  computed  from  the  observed 
altitude.  Now  the  moon's  R.A.  being  given  in  the  Nautical  Alma- 
nac for  certain  points  of  time,  the  time  at  Greenwich  corresponding 
to  any  given  R. A.  of  the  moon  may  be  at  once  found. 

The  moon's  altitude  has  accordingly  been  often  thus  employed 
in  determining  the  longitude ;  but  the  method  requires  much  caution, 
because  an  error  of  altitude  produces,  in  the  hour-angle  computed 
from  it,  a  quantity  greater  than  itself,  except  in  the  single  case  in 
which  the  observer  is  on  the  equator  and  the  body  on  the  prime 
vertical,  when  these  errors  are  equal.  Accordingly,  since  an  error 
in  the  moon's  hour-angle  appears  in  its  full  amount  in  her  deduced 
R.A.,  and  since  the  R.A.  changes  at  the  rate  of  about  2m  only  in  ai< 
hour,  the  longitude  required  is  vitiated  to  the  extent  of  not  much 
less  than  thirty  times  tne  error  of  altitude  in  the  most  favourable 
cases. 

It  is  evident,  therefore,  since  the  place  of  the  sea-horizon  is  often 
doubtful  from  1'  to  3*,  that  the  result  of  a  simple  lunar  altitude 
must  be  in  general  greatly  inferior  to  that  of  a  lunar  distance,  in 
which  a  good  observer  rarely  makes  an  error  exceeding  half  a 
minute.  But  as  many  persons,  who  are  not  sufficiently  expert  in 
the  lunar  observation  to  obtain  on  all  occasions  a  satisfactory  lon- 
gitude, are  nevertheless  capable  of  observing  altitudes  with  precision, 
and,  moreover,  as  the  stars,  when  the  air  is  not  very  clear,  are  often 
too  faint  for  the  lunar  observation,  the  former  method  may,  on  some 
occasions,  prove  of  service,  provided  that  proper  steps  are  taken  to 
diminish  the  effects  of  the  errors  of  latitude  and  altitude. 

Since  on  the  equator,  when  the  body  is  E.  or  W.,  an  error  of  I' 
in  alt.  produces  an  error  of  4*  in  the  hour-angle,  and  an  error  of  8* 
in  lat.  60°  (or  in  the  ratio  of  the  secant  of  the  latitude  to  1),  the 
method  serves  better  in  low  than  in  high  latitudes. 

If  the  resulting  longitude  differs  much  from  the  long,  by  account, 
the  computation  should  of  course  be  repeated. 

865.  Limits.  The  azimuth  is  the  same  as  that  laid  down  for 
determining  the  time  by  a  single  altitude,  No.  778.  The  alt.  should 
in  general  not  be  less  than  6°  or  8°;  and  when  the  barometer  and 
thermometer  are  not  at  hand,  not  less  than  26°  or  30°,  especially  in 
\ery  cold  or  very  hot  weather. 

86*6.   The  Observation.    Observe  the  moon's  alt.,  noting  the  time. 

If  the  mean  time  is  not  accurately  known,  obtain  observations 
for  it. 

At  sea,  the  uncertainty  of  the  apparent  dip  may  be  removed  by 
referring  the  moon's  altitude  to  the  opposite  point  of  the  horizon,  aa 
well  as  to  that  under  her  (No.  535). 
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But  it  will  be  preferable  to  observe  the  difference  of  alt.  of  the 
moon  and  some  star  on  nearly  the  same  bearing,  and  to  apply  it  to 
the  star's  alt.  found  by  computation ;  for  the  time  may  sometimes  be 
more  nearly  known  than  the  lat.,  and  the  alt.  of  a  star  computed 
more  nearly  than  it  can  be  observed. 

For  Ex.  Suppose,  in  lat.  400,  the  >  bearing  E.S.E.  (true),  that  the  place  of  the  sea 
horizon  is  i'  30"  in  error,  and  the  time  in  error  5".  Then  the  error  of  the  >  *s  computed 
hoar-angle  (and  therefore  of  her  R.A.)  will  be  9"  (No.  671),  and  the  resulting  error  of  long, 
about  4"  30%  or  i°  4'  (Nos.  858,  864).  Now  the  error  of  the  computed  alt  of  a  star  E.  or 
W.  due  to  an  error  of  $*  will  here  be  56"  (No.  671) ;  hence  the  error  of  the  long.,  as  deter- 
mined by  the  moon's  alt  referred  to  this  star,  will  be  diminished  in  the  proportion  of  1'  30" 
to  56",  that  is,  from  64'  to  40'. 

867.  The  Computation.  (1.)  Find  the  Gr.  Date,  and  reduce  to 
it  the  Sid.  T.  at  mean  noon,  the  moon's  decl.,  and  thence  her  jk>I. 
dist.,  her  .hor.  par.,  and  semidiameter ;  correct  the  hor.  par.  by 
Table  41. 

(2.)  Add  the  M.T.  to  the  red.  Sid.  T.;  the  sum  (rejecting  24k  if 
it  exceed  24h)  is  the  R.  A.  of  the  meridian. 

(3  )  Correct  the  alt* 

(4.)  Compute  the  moon's  hour-angle,  No.  614. 

(5.)  When  the  moon  is  to  the  E.  of  the  meridian,  add  her  hour- 
angle  to  the  R.A.  of  the  mer.  If  the  sum  exceed  24\  reject  24h. 
When  to  the  W.,  subtract  the  hour-angle  from  the  R.A.  of  the 
mer.,  increased,  if  necessary,  by  24h :  the  result  is  the  moon's  R.A. 

(6.)  For  the  G.  M.  Time.  Set  down  in  order  this  R  A.,  that 
preceding  it,  and  that  following  it  (from  the  Nautical  Almanac) ; 
take  the  diff.  between  the  1st  and  2d,  and  between  the  2d  and  3d, 
adding  24\  if  necessary,  to  effect  the  subtraction. 

To  the  constant  0-4771  add  the  prop.  log.  of  the  first  of  the  diffs. 
and  the  ar.  co.  prop.  log.  of  the  2d  ;  the  sum  is  the  prop.  log.  of  a 
portion  of  time  to  be  added  to  the  hour  at  Green,  of  the  middle  one 
of  the  three  right  ascensions :  the  sum  is  the  G.  M.  T. 

Ex.  l.f  Jan.  5th,  1830,  lat4°  54' o"  8.,  long.byacc  330  ij'W.tataofc  56»4o»-8  M.T., 
obs.  alt.  "j  3o°6'2o"  to  the  W.;  ind.  corr.  —35";  height  of  eye,  12  feet;  therm.  82°* 
barom.  30*0  inches :  required  the  longitude. 


M.T. 

33°i3'W. 
Gr.D. 

+  2    12    52 

*3     9   33 

18   57   34-8 

3   4*'7 

>'5 

•1 

>  Decl.  5th,at23l»,o0i6/39"S. 
Diff.  for  ic-%  142" 

o°i6   39" 
140",  9-,  2' 6"  \ 

33'         77  > 
1     94"      1*91     2   16 

Red.  DecL   0    18   55  S. 

Pol.  Dist.  89  41     5     . 

H.  P.  5th,  Mid. 

6th,  Noon 

Var.  in  12* 

7" -a  and  1 1  \\ 

Eqnat  H.P. 
Corr.  Table  41 
Corr.  Semid. 
Augm. 
Aug.  Sem. 

54  *$'"* 

54   «*  -o 

7  '* 

Sid.  T.  5th, 

23h 

9* 
33' 

068 
54  *5  •* 

54    1*  '4 

0 

Red.  S.T. 
M.T. 

19  1   231 

20  56  40*8 

'5   5*     3*9 

14  48 

7 

R.  A.  Mer. 

»4   55 

*  It  cannot  be  worth  while  to  follow  the  2d  and  3d  precepts  of  No.  655,  unless  the 
observation  is  in  every  respect  such  as  to  afford  extreme  precision  in  the  result 

t  These  examples  are  selected  from  observations  made  by  Mr.  J.  C.  Bowring  on  board 
ti.  M.  S.  Stag,  with  which  1  have  been  favoured  by  Mr.  Pentltod,  her  Majesty's  late  consul* 
general  at  Bolivia. 
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Ota.Ak.7 

JO°    6' 

10" 

Ak.            Y>*rt%* 

lod  floir. 

-3  20  / 

Lot             4  54  0 

**.      0*001590 

Dip. 

-3 

55 

P.  Dist      89  41    5 

eosec.  C000007 

30     2 

*5 

125     8  8 

->4 

55 

62  34  4 

rot.      9*663417 

App.  Alt 

*9  47 

30 

32     i    1 

tin.       9'7*44>5 

19*  40' and  54' 
7  J**     3''  } 

45'  14" 

+  '3 

Hour-ang .  3*  57"i5**2 

«5   58     J'9 

E.  A.  >    12     0   38  -f 

At  i3h>     i2     0  23  9 

0,      12     1     8  '3 

•in.  sq.  9- 389429 
0-4771 

45  ^ 

o»i4«-8      1-8632 

Th.82°o«W6    ) 
Btf.30          0    | 

»  44*4      7'9«53 

t 

+  45 

?3 

o>     8*30-1                I-3*56 

True  Alt. 

30   33 

3 

*3 

O.  M.T.      23     8   30 

*3 

M.T.      20  56  40 

•8 

Lono.    2    11  49 

•5  or  320  57' W. 

An  error  of  i»of  R.  A.  would  produce  here  34*  or  8}' error  of  long.,  as  the  R.  A.  change* 
tery  slowly.  An  error  of  1  of  alt.  would  oauae  4'of  R.  A.  and  34'  of  long.,  and  an  error  of 
1'  of  lat.  only  o*i  of  R.  A.    The  moon's  asim.  is  87°. 

u  ^'  2^-  J^'  Vd'„1**9!  U£  ao°  57'  »°"  N..  long,  by  ace. 420  39' W„  at  3*  32"  io*  M.T. 
•*V|j\7  4*  *5  **    to  the  E.     Ind.  corr.  +  T  t7";  height  of  eye,  12  feeti  required  the 


Gr.  Date,  23d    6*  ai»4.6* 

Red.  S.T         20     9   35-7 
R.  A.  Mer.       13  41  45  'j 

I  Corr.  of  Alt 

)  True  Alt. 


Red.  Decl. 
Pol  Dirt. 


4*'  26" 


21' 

68 


42   50    10 


Vi5'N. 
'7   45 


Hour-angle 
>  R.A. 
Do.  at  6* 

G.  M.T. 

Lono. 


Equat.  II.  P. 
Red.  do. 
Corretp.  Sent. 
Aug.  Sem. 

31*  23*27i,0 

3  5  >*'7 
3  4  *©'* 
3     6  41  * 

6*22»IS« 

2   50     5  or  42* 


58'  42" 
58  40 


16 
16 


31'W 


An  error  of  r*  of  R.  A.  produces  here  25*,  or  6'  error  of  long. ;  an  error  of  1'  of  alt  pro. 
duces  4*3  error  of  R.  A.,  or  2/  of  long. ;  and  an  error  of  1'  of  lat.  causes  c*  9  of  R.  A.,  or 
$'  of  long. 

868.  When  two  or  three  observations  are  taken  on  the  same 
tide  of  the  meridian  and  prime  vertical,  the  true  long,  is  not  the 
mean  of  the  results,  but  is  nearer  to  that  which  is  furthest  from  the 
meridian. 

When  two  observations  are  taken  on  opposite  sides  of  the  raeri* 
dian  and  on  the  same  side  of  the  prime  vertical,  the  right  ascensions 
rewriting  will  be  affected  in  different  ways  by  the  same  errors  of 
altitude  and  latitude,  and  the  trne  long,  will  be  between  the  two 
results. 

869.  Degree  cf  Dependence.  This  is  determined  bv  the  effects 
produced  on  the  hour-angle  by  given  errors  in  the  alt.,  fat.,  and  pol. 
dist.,  No.  615.  It  is  evident,  from  the  remarks  above,  that  unless 
considerable  care,  and  some  skill,  are  devoted  to  diminishing,  accord- 
ing to  the  circumstances  of  the  case,  the  effects  of  errors  of  latitude 
and  altitude,  it  cannot  be  prudent,  notwithstanding  the  occasional 
success  of  observations  of  this  kind,  to  depend  upon  the  result  a* 
nearer  than  I  of  a  degree. 
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On  shore,  when  the  lat.  and  time  are  accurately  known   the 
result  may,  with  proper  attention,  be  more  satisfactory. 
Mo.  602  applies  to  this  observation. 


IV.    BY  AN  OcCULTATIOIf. 

870.  Tne  moon  in  her  perpetual  revolution  round  the  earth 
necessarily  passes  over  every  star  or  other  body  in  her  path  at 
certain  periods.  The  disappearance  of  a  star  or  planet,  called  the 
immersion,  and  the  reappearance  from  behind  the  body  of  the  moon, 
called  the  emersion,  being  instantaneous,  the  phenomenon  affords  the 
means  of  determining  the  longitude  at  all  places  where  it  is  visible. 

At  the  instant  of  occultation  the  apparent  R.  A.  of  the  moon  s 
limb  is  the  same  as  the  R.  A.  of  the  star ;  the  effect  of  the  parallax 
of  the  moon  being  removed  by  computation,  the  true  R.A.  is  de- 
duced, and  the  G.M.T.  thence  found. 

871.  This  observation  affords,  in  favourable  cases,  the  most 
decisive  results,  because  it  is  both  instantaneous  and  altogether 
independent  of  instrumental  adjustments.  On  board  ship  the 
motion  prevents  the  telescope,  which  is  almost  always  necessary, 
from  being  kept  steadily  directed  to  the  moon,  and  in  consequence 
the  method  has  been  very  rarely  practised  at  sea.  The  precise  in- 
stant of  the  phenomenon  is,  however,  not  necessary  in  all  cases;  it 
»  enough  that  the  observer  is  certain  that  at  one  instant  he  sees  the 
star,  and  that  at  another  he  does  not  see  it;  because  the  whole 
resulting  error  in  the  time  of  observation  in  this  case,  and  therefore 
«n  the  longitude  itself,  cannot  exceed  the  time  elapsed  between  two 
sights  of  the  moon. 

872.  The  M.T.  at  Greenwich,  at  which  the  moon  and  the  star 
to  be  occulted  are  in  conjunction  in  R.  A.,  is  set  down  in  the 
Nautical  Almanac,  as  also  the  parallels  between  which  the  pheno- 
menon is  visible. 

As  it  would  require  a  distinct  calculation  to  learn  beforehand 
approximately  the  time  at  which  the  phenomenon  will  take  place, 
the  observer  may  content  himself  with  finding,  from  the  long,  by 
ace.,  the  time  at  place  of  the  conjunction ;  h6  must  then,  at  an  early 
opportunity,  single  out  the  star,  and  watch  the  progress  of  the  moon 
towards  it  In  general,  when  the  star  ts  to  the  eastward  of  the 
observer  at  the  time  of  conjunction,  the  phenomenon  occurs  before. 
that  time;  when  to  the  westward,  it  occurs  afterwards. 

L  Occultation  of  a  Star. 

873.  The  Observation.  Note  the  instant  of  immersion  or  emer- 
sion as  nearly  as  possible. 

874.  The  Computation.  (1.)  Find  the  Green.  Date,  and  reduce 
to  it  the  Sid.  Time  at  mean  noon,  the  moon's  declination,  hor.  par., 
ami  seinkl.;  reduce  the  hor.  par.  by  Table  41. 
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t2.)  Find  the  geocentric  latitude  by  subtracting  from  the  lat. 
the  reduction  of  lat.,  Table  52.  From  the  time  at  place  find  the 
•tar's  hour-angle,  No.  611. 

(3.)  For  arc  A.  To  the  prop.  log.  of  the  reduced  hor.  par.  add 
the  log.  cosec.  of  the  geocentric  lat.  and  the  log.  sec  of  the  star's 
dccl. :  the  sum  is  the  prop.  log.  of  arc  A. 

For  arc  B.  To  the  prop.  log.  of  the  red.  hor.  par.  add  the  log, 
sec.  of  the  geoc.  lat.,  the  log.  cosec.  of  the  star's  decl.,  and  the  log. 
sec.  of  the  hour-angle ;  the  sum  is  the  prop.  log.  of  arc  B. 

For  arc  C.  Add  together  the  prop.  log.  of  the  red.  hor.  par., 
the  log.  sec.  of  the  geoc. lat.,  and  the  log.  cosec.  of  the  hour-angle; 
double  the  sum,  add  to  it  the  const.  1*582,  and  the  log.  cot.  of  the 
star  s  decl. :  the  sum  is  the  prop.  log.  of  arc  C. 

(4.)  When  the  lat.  and  decl.  are  of  the  same  name,  add  A  to  the 
star's  decl. ;  when  of  contrary  names,  subtract  it. 

When  the  star's  hour-angle  is  less  than  6h,  subtract  B  from  the 
star's  decl. ;  when  greater  than  6\  add  it 

Subtract  C  from  A. 

Call  the  result  the  prepared  declination. 

(5.)  For  Part  I.  of  the  >  's  Parallax  in  R.  A.  Take  the  diff. 
between  the  moon's  decl.  and  the  prepared  decl. ;  under  this  diff 
put  the  semid. :  take  the  diff.  and  sum.  Add  together  the  log.  cos. 
of  the  prepared  decl.,  the  const.  1*1761,  half  the  prop.  logs,  of  the 
diff.  and  sum :  the  sum  is  the  prop.  log.  of  Part  I. 

For  Part  II.  Add  together  the  log.  cos.  of  the  prepared  decl., 
the  const.  1*1761,  and  the  sum  of  the  3  logs,  used  in  arc  C:  the  sum 
is  the  prop.  log.  of  Part  II. 

When  the  moon  is  on  or  near  the  meridian,  this  Part  disappears. 

(6.)  Apply  Parts  I.  and  II.  to  the  star's  R.  A.,  thus : — 

Part  I.  In  an  immersion,  subtract ;  in  an  emersion,  add. 

Part  II.  When  the  >  is  to  the  E.  of  the  Mer.,  subtract ;  when 
W.,  add.    The  result  is  the  moon's  R.  A. 

(7.)  Find  the  G.M.T.,  as  directed.  No.  867  (6.) 


■erred 


.    Dee.  9&,  1813,  let.  9*  40'  8.,  long,  by  ace.  29"  51'  W.f  at  7*  iq»  $7*  M.T.,  ob- 
die  immersion  of  *  Aquarii,*  W.  of  the  meridian :  required  the  longitude. 


Gr.  Date,  9th       0* 

19" 

23-     1 

Red.S.T.atm.n.  17 

11 

137 

M.T.                     7 

«9 

57 

*4 

3» 

107 

Star's  R.A.         22 

28 

39 

Hoar-angle     2 

2 

3»*7 

Arc  A. 

H.P.S4'3*"p.log. 
Geoc  Let.  cosec. 

0-5178 
o*7777 

:£  DecL      sec. 

0*0017 

P.  log. 

12972 

A,          +9'  4* 

'•8 

BAC,-     4    * 

•8 

♦  4  56 

•0 

(DecL  a  lat.  S. 

add. 

) 

I  *  Decl. 


>  R*d.  Ded.    5  16  «2  *6 


5°   7'43""6S.    R*d.Eq.  H.P. 


ArcB: 


sec. 

cosec 
Hour-angle  sea. 

P.  log. 

B,-4'S"'5 

(Hour-angle  U*$  that  6h 
subtract.) 


0-5178 
0*0061 
10487 
0*0053 
1*6379 


54' 38*07 
54  3*  04 
»4  53  *4 


RotLH.P. 
Semid. 
Lat  90  40' 

(Tab.  52)  Cor.    -3  4' 
9   36   19 
ArcC. 

05178 

o*oc6i 

Hour-angle  cosec.    0*2928 

0*8167 

0-8167  x2-»  1*6334 

Const  1*5820 

*  Decl.  cot         1*0469 

C,-o"*3p.!og.     4*2623 


*  This  occultation,  kindly  furnished  me  by  the  Hon.  Cant.  F.  De  Rost  R.N.,  is  gta 
M  hating  been  obserred  bj  him,  at  sea,  in  H.M.  frigate  Creole. 
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Parti. 

Part  11 

#  Dcd. 

5°    7*41"* 

Cos.  of  Prep.  Ded. 

99982 

Prep.  Decl.  5    12  19  *6         cot.      9*9982 

Const. 

1*1761 

>  bed. 

5    16  22  *6        const  1-1761 

Sum  of  3 

logs.  Arc  C, 

0-8167 

3  43 

Pt.  11. 

+  I"  50**2 

p.  log.  1-9910 

Semid. 

»4  53  *4 

Ft  I. 

-0   57-9 

Diff. 

11    io  *4  \  pro.  log.  0*6035 
18   36   4  \ pro. tog. 04928 

♦      5**3 

*u». 

*  R.A. 

22  28  39 

—0  57  *9     pro.  log.  2*2706 

>  R.A. 

22   29  31   3 

4771 

At  9* 

22     28    55  *7 

o'35"-6     24820 

(SuUrmct,  being  tamer.) 

At  io-» 

22     30    45  'I 

1  49  *4      8*0060 

0   19  30  3 

9 

9   »9   30  *3 

p.  log.        9657 

G.M.T. 

Ship  M.T. 

7   >9   57 

Long,  in  time 

»    59  33*3 

or  19°  53' 19"  W. 

«i.  2.  Jan.  7th,  1836,  Bedford,  lat  52°  8'  irN., long.  ace.  i»  W., at  10*45-  53*1  M.T. 
obaeived  the  immersion  of  t  Leonis,  E.  of  the  meridian :  required  the  Longitude. 

Gr.  Date  iok47«,  Red.  S.T.  I9h  6"  8-5,  star's  R.A.  io*  23-  i6»«4,  decl.  140  58*  38**8  N., 
>  led.  decl.  i$°4Q'4o"N.t  HP.  55'  ?4"'9,  Semid.  15'  i6''i,  ceocen.  lat  510  5/  19". 

Arc  A.  42*33'%  D.  3'2i"*5,  C.  2^3.  Prep.  decl.  i5°37  4*"*o.  Part  I.  39*9,  Pt  1L 
a*  i2«*6.  >  R.A.  ioh  20"  33**9.  At  iok,  ioh  iS"  55*5;  •*  l,k»  ,oh  *°m  S*-** 
U.M.T.  10*  48*  o*.    By  corr.  of  Part  I.  ic*  47"  45*. 

2.  Occupation  of  a  Planet. 

875.  The  Observation.  The  planet  having  sensible  semid iameter, 
the  phenomenon  does  not  take  place  instantaneously.  Note  the 
instant  of  final  disappearance,  or  the  instant  of  reappearance. 

876.  The  Computation.  Subtract  the  planet's  horiz.  parallax 
from  the  reduced  horiz.  parallax  of  the  moon.  Also  subtract  its 
neuiidiameter  from  the  moon's  semidiameter.  In  other  respects 
proceed  as  for  a  star. 

877.  Degree  of  Dependance.     A  small  error  of  Gr.  Date  will  not 
sensibly  affect  the  moon's  parallax  or  semidiameter,  and  the  de- 
clination is  the  only  element  liable  to  sensible  error;  Part  I.,  there 
fore,  is  alone  affected. 

To  find  the  error  in  the  Ion©;,  in  time,  caused  by  lm  error  of 
Gr.  Date.  Find  the  change  of  decl.  in  I*,  add  it  to  the  diff.  of 
declin.,  and  recompute  Part  I. :  the  diff.  between  the  result  and 
Part  I.,  as  computed  before,  is  the  diff.  or  error  of  R.A.  The  error 
of  long,  in  time  will  be,  on  the  average,  30  times  greater.* 

If  the  star  pass  very  near  the  moon's  upper  or  lower  limb,  the 
observation  is  not  good. 

The  inequality  of  the  moon's  surface,  and  an  imperfect  estimation 
af  the  figure  of  the  earth,  may  cause  small  inaccuracies. 

The  cases  least  liable  to  error  on  the  several  accounts  enumerated 
are  those  which  occur  when  the  moon  is  near  the  meridian,  and  in 
which  the  central  zone  of  the  moon  passes  over  the  statu  The  emer- 
tion  from  the  dark  limb  is  the  case  most  distinctly  marked. 

No.  862  applies  to  this  observation. 

•  Hence,  to  obtain  the  long,  in  time  true  to  1*  or  15",  the  parallel  tn  R.A.  muat  be 
Ire*  to  0**003.  Thii  remark  anewi  the  difficulty  of  obteinug  extreme  precision  from  any 
etafla  observation. 
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V.  Br  Eclipses  of  Jupiter's  Satellites. 

878.  The  eclipse  or  disappearance  of  a  satellite  in  the  shadow  of 
the  planet  called  the  Immersion,  or  the  reappearance  after  eclipse, 
called  Emersion,  being  a  phenomenon  which  takes  place  at  the  same 
absolute  point  of  time  wherever  the  spectator  may  be  placed,  affords 
a  ready  method  of  finding  the  longitude. 

The  diagrams  of  the  positions  of  the  planet  and  its  satellites,  as 
seen  in  N.  lat.,  and  other  necessary  information,  are  given  in  the 
Nautical  Almanac.  The  figures  must  be  reversed  in  S.  lat.  It  will 
be  convenient  for  the  observer  to  bear  in  mind,  that  when  Jupiter 
comes  to  the  meridian  before  midnight,  the  whole  eclipse  (both 
immersion  and  emersion)  takes  place  on  the  E.  side  of  the  planet ; 
when  after  midnight,  on  the  W.  side.  In  an  inverting  telescope  this 
will  appear  to  be  reversed. 

879.  The  Observation.  The  telescope  should  have  a  magnifying 
power  of  not  less  than  40,  and  the  observer  should  be  ready  some 
minutes  before  the  time  of  observation,  estimated  by  applying  the 
long,  by  ace.  to  the  time  in  the  Nautical  Almanac. 

The  6un  should  not  be  less  than  8°  below  the  horizon,  nor  Ju- 
piter less  than  8°  above  it,  for  the  phenomenon  to  be  distinctly 
visible. 

880.  The  Computation.  The  difference  between  the  M.  T.  at 
place,  found  by  observation,  and  that  at  Greenwich,  is  the  long. 

Ex.  Oct.  6th,  iSn.  near  Igloolik,  lat.  6o°  21'  N.,  immersion  of  the  ift  satellite, 
tok  29"  33  ,  M.T.  The  M.T.  at  Gr.v  in  the  Nautical  Almanac,  is  15*  56"  o»;  the  diff., 
5h  26-  27%  long.  W. 

881.  Depree  of  Dependence.  This  method,  though  easy  aad 
convenient,  is  not  very  accurate;  the  eclipse  is  not  instantaneous; 
and  the  clearness  of  the  air,  and  the  power  employed,  affect  consi- 
derably the  time  of  the  phenomenon.  Observers  nave  been  found 
to  differ  4C  or  60s  in  the  same  eclipse. 

The  observation  may  be  considered  complete  only  when  the  im- 
mersion and  emersion  of  the  same  satellite  are  observed  on  the  same 
evening,  and  as  nearly  as  possible  under  the  same  circumstances. 
Thus,  if  the  satellite  disappear  a  little  sooner  than  if  the  air  had 
been  clearer,  it  will  emerge  a  little  later  from  the  same  cause,  and 
the  mean  of  the  two  results  may  be  near  the  truth. 

The  first  satellite  is  preferable  to  the  others  on  accouut  of  the 
frester  rapidity  of  its  motion. 
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CHAPTER  VIII. 

Finding  the  Variation  of  the  Compass. 

I.  By  the  Amplitude.     II.  By  tub  Azimuth.    III.  By  Astro* 
homical  Bearings.     IV.  By  Terrestrial  Bearing*. 

882.  The  Variation  is  found  by  comparing  the  bearing  of  the 
gun  or  other  celestial  body,  as  shewn  by  the  compass,  with  the  true 
bearing  as  found  by  calculation.     See  No.  907. 

883.  When  the  time  is  known,  the  body  may  be  observed,  in  the 
simplest  cases,  at  its  passage  of  the  meridian,  at  which  time  it  bears 
due  N.  or  B.,  or  at  its  passage  of  the  prime  vertical,  when  it  bears 
due  E.  or  W.  In  other  cases,  the  true  azimuth  may  be  found  by 
calculation. 

When  the  time  is  not  given  the  azimuth  may  be  determined  by 
observation  of  the  altitude.  When  the  altitude  is  nothing,  or  the 
body  is  on  the  horizon,  as  at  rising  or  setting,  it  is  usual  to  refer  the 
bearing  to  the  prime  vertical,  the  angular  distance  from  which  (or 
the  complement  of  the  azimuth)  is  called  the  amplitude.  The  azi- 
muth may  also  sometimes  be  determined  from  the  observed  difference 
of  altitude  in  a  measured  interval  of  time. 

The  following  rules  are  arranged  more  particularly  for  observa- 
tions of  the  sun ;  but,  after  the  explanations  and  precepts  already 
given,  no  difficulty  will  occur  in  adapting  them,  when  necessary,  to 
observations  of  other  celestial  bodies. 

I.  By  the  Amplitude. 

884.  This  method,  which  is  particularly  convenient,  is  available 
twice  a-day  in  fine  weather,  and  at  all  seasons  of  the  year. 

885.  The  Observation.*  At  sunrise,  when  the  upper  limb  ap- 
pears on  the  horizon,  observe  its  bearing,  and  continue  to  take 
bearings  of  the  centre,  bisecting  the  sun's  disc  by  keeping  the  up- 

*  The  usual  instructions  for  taking  an  amplitude  direct  the  sun  to  be  observed  when  his 
lower  limb  is  half  way  between  the  centre  and  the  horixon,  at  wliich  time  he  is  really  on  the 
horizon,  No.  433.  But  as  it  is  not  easy  to  seize  the  bearing  at  the  required  instant,  and  still 
less  so  to  observe  several  bearings  equally  distributed  on  both  sides  of  the  proper  position, 
whbh  is  essential  to  a  correct  result,  the  sun  is  commonly  observed  a  whole  diameter  too 
low.  The  observation  as  recommended  above  is  more  convenient  in  practice,  and  the  error 
arising  from  not  observing  the  sun  at  the  instant  to  which  the  true  amplitude  eorteapoads 
(No.  446  (1)),  is  removed  by  the  correction. 
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right  wire  on  the  upper  limb,  until  the  lower  limb  appears.  Read 
off  each  bearing.  At  sunset,  when  the  lower  limb  touches  the 
horizon,  proceed  in  like  manner,  until  the  ipper  limb  disappears, 
See  No.  221. 

The  mean  of  the  readings,  reckoning  from  the  E.  or  W.  point,  is 
•the  observed  amplitude. 

886.  The  Computation,  by  Inspection  (1.)  Enter  Table  59  with 
the  Lat.  and  Declin.,  take  out  the  amplitude,  and  mark  it  of  the 
same  name  as  the  Declin. 

(2.)  Take  from  Table  59  A  the  correction.  If  this  does  not 
amount  to  nearly  1°,  it  may  in  general  be  omitted. 

At  Rising.  In  N.  lat.  apply  the  corr.  to  the  right  of  the  ob- 
served amplitude.     In  S.  lat.  apply  it  to  the  left. 

At  Setting.  In  N.  lat.  apply  the  corr.  to  the  left  of  the  ob- 
served amplitude.     In  S.  lat.  apply  it  to  the  right. 

(3.)  When  the  observed  and  true  amplitudes  are  both  N.  or  both 
S.,  their  difference  is  the  Variation.  If  one  is  N.  and  the  other  S.v 
their  sum  is  the  Variation. 

Then,  the  observer  being  in  the  centre  of  the  compass,  when  the 
observed  amplitude  is  to  the  left  of  the  true,  the  Variation  U  East ; 
when  to  the  right,  it  is  West. 


Ex.  1.  Jane  10th,  lat  170  N.,  looff. 
»5°  W.,  observed  sun's  amplitude  at  setting, 
W.  40°  N.  s  required  the  Variation. 

Lat,  17°,  Decl.  130,  Amp.  W.  14°  N. 

Obe.  W.jp  N. 

Va».     16  W. 

Ei.  2.  June  10th,  lat.  360  40'  S.,  long. 
17*  W.,  obtained  tun's  amplitude  at  setting, 
W.  ii°-3  N. :  required  the  Variation. 

Lat  36°7, Dect  i3°o,  Amp.  W.  ao°*i  N. 
17°«id*30,Corr.oO;7NJ    W.  ,3  .0  N. 

VAa      iT^E. 


60s,  Amp.  W.  is  ' 


Ei.  S.    May  18th,  lat  470  N.(  long. 
i8°  W.,  observed  the  sun's  amplitude  at 

rising,  E.  io°  N. 

Lat.  470,  Decl.  2i|°t  Amp.   E.  $»••$  N. 
5o°andia°,  Corr.  o°o       \  „      .  ..  M 


Obs.  Amp.  E.     10 


Vae. 


9 

»3  'iW. 


Ex.  4.  Sept.  15th,  lat.  70  N.,  long. 
1510  E.«  observed  the  sun's  amplitude  at 
rising,  B.  40  N. :  required  the  Variation. 

Lat.  7°.  DecL  i°,  Amp.         E.  i°  S. 
Obs.  Amp.        B.  4^  N. 

Vam.       j  E. 
The  Corr.  hers  is  o. 


The  correction  in  Table  59  A  w  the  same  for  a  star  or  a  planet 
a»  for  the  sun,  and  is  applied  in  the  same  way.  When  the  moon  is 
employed,  the  correction,  which,  in  the  case  of  the  sun  or  a  star, 
involves  the  sum  of  the  dip  and  horizontal  refraction,  is  the  excess  of 
her  horizontal  parallax  oyer  this  sum.  As  the  moon's  hor.  par.  is 
l°.and  the  refraction  4°,  in  round  numbers,  this  excess  is  about  }°, 
which  is  nearly  the  quantity  employed  in  Table  59  A.  This  cor- 
rection, therefore,  serves  for  the  moon,  but  it  must  be  applied  the 
contrary  way  to  that  directed  for  the  sun. 

887.  The  Computation,  Accurately. 

(I.)  Find  the  Greenwich  Date  and  reduce  the  declination  to  it. 

(2.)  To  the  log.  sec.  of  the  lat.  add  the  log.  sine  of  the  declin.: 
the  sun?  is  the  log.  sine  of  the  amplitude.  Apply  the  correction  as 
abore. 
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888.  Degree  of  Dependant*.  In  low  latitudes  the  amplitude  it 
iusceptible  of  much  precision ;  in  high  latitudes  refraction  renders 
the  result  less  certain.  The  relative  temperature  of  the  sea  and 
the  air  produces  no  effect  on  the  observed  amplitude. 


IT.  By  the  Azimuth. 

1.  By  Azimuth  on  the  Meridian. 

890.  The  Observation.  When  the  sun  approaches  the  meridian 
observe  the  azimuth,  and  continue  observing  till  the  same  time 
after  noon.     The  mean  of  the  readings  is  the  observed  azimuth. 

When  the  sun  is  observed  to  the  southward,  if  the  observed 
bearing  is  to  the  E.  of  S.,  the  variation  is  B. ;  if  to  the  W.,  it  is  W. 
When  he  is  observed  to  the  North,  the  contrary  in  each  case. 

2.  By  Azimuth  from  the  Short  Double  Altitude. 

891.  The  true  azimuth  is  obtained  from  the  observation  of  the 
short  double  altitude,  p.  256,  without  regard  to  the  apparent  time. 

Case  I.  Observations  on  the  same  side  of  the  meridian,  No.  729. 

892.  The  Observation.  Observe  the  sun's  azimuth  during  the 
interval  between  observing  the  alts.,  so  as  to  obtain  it  at  the  middle 
of  the  interval.     See  No.  221. 

893.  The  Computation.  Having  corrected  the  alts,  and  taken 
their  difference,  No.  729  (1),  add  together  the  log.  sine  of  the  diff.  of 
alts.,  the  log.  cosec.  of  the  interval,*  and  the  log.  sec.  of  the  lat.: 
the  sum  is  the  log.  sine  of  the  azimuth  at  the  middle  time  from 
noon,  nearly. 

Ex.    (Ex.  1,  p.  168.)    Lat  34°  40'  8.,  diff.  of  alt*.  50/1,  interval  20-  ia% 

D.  Alt.   o°  59r*i  sin.      8-2*53 

Int.       20"  12*  cosec.  1*0554 

Lat      340  40'  sec.      00849 

Azimuth     13°$    sin.      93756 
This  asimuth  compared  with  that  observid  would  afford  the  Tariacioa. 


*  When  it  it  intended  to  fina  me  Variation  by  this  method  at  the  same  time  ■■  the 
Latitude,  it  will  be  convenient  to  take  the  sum  of  these  three  logs,  first.  The  tire  logs, 
employed  in  No.  729  will  thus  afford  two  distinct  results. 
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894.  Degree  of  Dependance.  By  adding  to  the  result  the  diff. 
for  30"  in  the  sine  of  the  D.  alt.,  the  effect  on  the  azimuth  of  \ 
in  the  diff.  alts,  is  seen,  and  the  effect  of  an  error,  or  small  variation 
of  the  D.  alts,  estimated.     See  also  No.  679. 

Case  II.  Observations  on  different  sides  of  the  meridian,  No.  731* 

895.  The  Observation.  Observe  the  sun's  azimuth  when  at  the 
alt.  nearest  noon.     See  No.  221. 

896.  The  Computation.  Having  found  the  time  from  noon  of  the 
greater  alt.,  to  the  log.  sine  of  this  time  add  the  log.  cos.  of  the 
declin.,  and  the  log.  sec.  of  the  greater  alt. ;  the  sum  is  the  log.  sine 
of  the  azimuth  at  the  time  of  observing  the  greater  alt. 

Ex.    (Ex.  1,  p.  269.)    Time  from  noon,  n*  59%  decl.  5}°,  greater  alt  490  41% 

T.  from  noon  11-  59*  tin.  8718 

Decl.                      5I0  cos.  9998 

Great  alt  49   41'  tec  0189 

Azimuth           4^°  tin.  8905 

8.  By  Azimuth  from  Equal  Altitudes. 

897.  The  true  azimuth  may  be  obtained  directly  from  the  obser- 
vation of  equal  altitudes  at  sea,  for  time,  No.  798.  The  azimuth, 
being  computed  as  directed  in  No.  801,  and  compared  with  that 
observed  at  one  or  both  of  the  times  of  equal  altitudes,  determines 
the  variation.  The  altitude  is  required  with  more  precision  than  for 
finding  the  time  by  the  method,  No.  798. 

This  method  is,  however,  not  always  eligible,  because  in  low 
latitudes,  where  the  observation  of  equal  altitudes  is  favourable  for 
the  determination  of  time,  the  altitudes  near  noon  are  great,  and 
therefore  unfavourable  for  the  observation  of  the  azimuth.  See 
No.  889. 

4.  By  Azimuth  on  the  Prime  Vertical. 

898.  The  Observation.  Having  found  by  Table  29  either  the 
app.  time  or  the  altitude  at  the  instant  of  the  passage  of  the  prime 
vertical,  begin  to  observe  a  little  before  that  time,  and  continue 
observing  till  the  same  time  afterwards. 

The  mean  of  the  readings,  when  it  is  not  accurately  E.  or  W., 
is  the  variation. 

A.M.  If  the  sun  bear  to  the  northward  of  E.,  the  variation  is  E. ; 
if  to  the  southward,  it  is  W. 

P.M.  If  the  sun  bear  to  the  northward  of  W.,  the  variation 
is  W. ;  if  to  the  southward,  it  is  E. 

899.  As  a  celestial  body,  when  on  the  prime  vertical,  changes  its 
azimuth  more  slowly  than  at  any  other  time,  an  error  in  the  appa- 
rent time  will  be  of  little  consequence,  and  the  method  will  be  found 
one  of  the  most  convenient  in  practice  in  high  latitudes  during  the 
six  months  that  include  the  summer. 
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5.  By  Azimuth  deduced  from  an  Altitude. 

•00.  The  Observation.  Take  bearings  of  the  sun's  centre,  notiug 
the  time  of  each  reading.  Take  an  alt.  as  soon  as  convenient 
before  and  after  the  bearings,  noting  the  times. 

901.  The  Computation.  (1.)  Having  found  the  mean  of  the 
azimuths  and  of  the  corresponding  times,  reduce  the  alts,  to  the 
mean  of  the  times,  No.  660,  reduce  the  decl.,  correct  the  alt.,  and 
find  the  azimuth,  No.  673  or  674. 

Ex.  Feb.  19th,  1828,  p.m., Pain  Bay,  Naples,  lat.  400  50'  N.,  long.  14°  3'  E.,  Mr. Fisher 
observed  tbe  mean  of  seven  aximuths  of  tbe  sun  by  Rater's  compass,  N.  223°  24'  E.  (yr 
6.  430  24'  W.)    Sun's  true  alt  330  34'  1  son's  reduced  decl.  Ii°  14,'  S. 

By  ExpL  Tab.  (,  Dirt,  too  and  D.  Lat.  885  give 

lat  41  °,  alt  33  J°  M  158*9    N  575  course  or  As.  S.  a8°  W. 

Decl.1140,  dist  159  l)ep.  31^0  (lesser)  Ditto  observed  43$ 

8um       S8-5  Tab.    15}  W. 


6.  By  Azimuth  deduced  ftvm  the  Time. 

902.  The  observation  is  already  described  in  No.  900. 
(1.)  Find  the  Green.  Date,  to  which  reduce  the  declination  and 
the  elements  employed  in  finding  the  hour-angle. 
(2.)  Compute  the  azimuth,  No.  675.* 

Ex.  I.  Jnne  23rd,  1829.  p.m  .at  ConstiiLtinople,  lat  41°  t'  N.,  long.  28°  59*  E.  j  the 
mean  of  scyeo  times  by  chron.  4*  43"  15".  and  <»f  ceven  azimuths  of  tbe  snn,  observed  b? 
Mr.  Fisher  with  Kater's  conies,  between  2860  30'  and  2880,  was  N.  287°  16'  E^  or  ll 

7»°  44'  W. 

Reduced  poL  dist  66°  33*. 


o«S53« 


Time                         4*43*iSt 
CUron  fast  on  A.T. ^  32 

fan's  Hour-angle      4  39   43  half  2*  19"  5** 

cot.  0-15531 

Pol  Dist.    66°  33' 
Cola*.          4*  59 

114  92             half  570  46' 

17  34                     8  47 

69°  19/ 

14  28 

sec.  0-27297 
eos.  9-99488 
tan.  042316 

0*07269 
sin.  918383 

140  28'  tan.  9T4iiij 


Atimntk        N  83  47  W. 

Do.  obserred  N  72  44  W. 

Vam.     11     3\V, 

Ei.  S.  Dec.  27th,  1831,  Lisbon,  lat  380  42'  N.,  long.  90  8'  W.t  Mr.  Fisher  oMeTved 
the  mean  of  ten  asimutbt  of  the  sun  by  Kater's  compass  (between  1650  and  166°  5c/)  to 
be  N.  1660  7'  E.  Tbe  mean  of  the  times  by  chron.  (between  io*  7"  $<*  and  io*  15-  45*) 
ws»  io*  II-  47^.    Chron.  fust  on  A.T.  42-  l8*;  red.  pol.  dist  113°  22'. 

Computed  As,  N.  1430  44'  E. ;  \*Aa.  220  23'  W. 

*  The  work  of  finding  the  Azimuth  is  much  lessened  by  the  use  of  suitable  tables. 
Bnrdwood  and  Dario's  Azimuth  tables  and  Star  Azimuth  tables  extend  from  the  equator 
to  6o°  latitude,  and  are  published  in  a  convenient  form  t>y  J.  D.  Potter,  1 46  Minories, 
London,  E.  Such  tables  are  indispensable  for  the  narigation  of  iron  ships.  See  also 
Lecky's  "  Wrinkles,"  tot  stars. 
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III.  By  Astronomical  Bearings. 

903.  The  true  bearing  of  a  point  of  land,  or  other  terrestrial 
object,  may  be  determined  by  means  of  the  difference  of  bearing 
between  it  and  the  sun,  or  other  celestial  body;  the  true  bearing  of 
the  latter  being  deduced  by  observation,  or  computed  from  the  time. 

The  difference  of  bearing  may  be  obtained  directly  by  observing 
with  the  compass  the  bearings  of  both  the  sun  and  the  object ;  or 
by  the  sextant,  when  the  sun  is  on  the  horizon.  But  as  the  obser- 
vation of  two  bearings  at  the  same  instant  cannot  always  be  con- 
veniently made,  the  angular  distance  between  the  sun  and  the 
object  is  measured  by  a  sextant  or  circle,  and  the  bearing  of  the 
object  alone  observed.  The  difference  of  bearing  is  then  deduced, 
by  calculation,  from  the  observed  angular  distance  and  the  alti- 
tudes of  the  sun  and  the  object. 

The  true  azimuth  of  the  object  being  thus  obtained,  the  varia- 
tion is  deduced. 

904.  The  Observation.  Observe  the  sun's  alt,  then  the  angles 
between  the  object  and  thenearestand  farthest  limbs;  lastly,  observe 
the  sun's  alt.,  noting  the  times  of  each  contact.  Take  the  alt.  of  the 
object,  at  the  point  from  which  the  sun's  distance  is  measured. 

When  the  variation  is  required  at  the  same  time,  the  bearing 
of  the  object  must  be  obtained  as  nearly  as  possible  at  the  time  of 
the  observation  of  the  angular  distance. 

905.  The  Computation.  (1.)  Find  the  means  of  the  times  and 
angular  distances,  and  reduce  the  sun's  alt.  to  the  mean  of  the 
times.  Find  the  Green.  Date,  and  reduce  the  sun's  decl.;  find  his 
pol.  dist.,  correct  the  obs.  ang.  dist.,  and  the  alt.  of  the  object  for 
index-error,  when  necessary. 

NoU  For  common  purposes,  when  the  observer  is  not  much  elevated  and  the  alt.  of 
the  object  does  not  exceed  a  few  minutes,  the  sun's  decl.  may  he  corrected  at  tight,  the 
dip.  refraction,  parsdlai,  and  the  alt.  of  the  object  neglected,  and  the  precepts  (2)  and  (4) 
emitted. 

(2.)  Find  the  app.  alt.  of  the  sun's  centre  (by  applying  the  ind.- 
torr.  dip,  and  semid.),  and  thence  the  true  alt.  by  subtracting  the 
refr.  or  corr.  of  alt. 

(3.)  Find  the  sun's  true  azimuth.  When  the  sun  is  not  near 
the  meridian,  this  is  found  by  No.  674.  When  he  is  near  the 
meridian  it  is  better  found  from  the  time,  No.  675.  The  lat.  will 
be  required  more  correctly  as  the  sun  is  nearer  the  meridian,  and 
less  so  as  he  is  farther  from  it. 

(4.)  For  the  corr.  of  ang.  dist.  arising  from  the  point  observed 
not  being  exactly  on  the  true  horizon.  Take  the  diff.  between  the 
obs.  alt.  of  the  object  and  the  apparent  dip,  Table  80. 
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To  the  log.  sine  of  the  remainder  add  the  log.  sine  of  the  ■tra'i 
app.  alt  and  the  log.  cosec.  of  the  ang.  dist.  x  the  sum  is  the  log.  sine 
ot  the  correction  of  the  ang.  dist. 

When  the  dip  is  less  than  the  alt.  of  the  object,  add  the  corn  io 
the  ang.  dist. ;  when  the  dip  is  the  greater  of  the  two,  subtract  it. 

(5.)  For  the  diff.  of  azitnath.  To  the  log.  cos.  of  the  corrected 
ang.  dist.  add  the  log.  sec  of  the  son's  app.  alt. ;  the  snm  is  the 
log.  cos.  of  the  diff.  of  azim.  between  the  snn  and  the  object. 

When  the  ang.  dist.  exceeds  90°,  take  the  supplement  of  the 
arc  found  as  the  diff.  of  azim. 

(6.)  For  the  Variation.  Apply  the  diff.  of  azim.  to  the  sun's 
azim.,  according  to  the  case,  which  will  be  best  understood  by  draw- 
ing a  figure :  the  result  is  the  true  azim.  or  bearing  of  the  object. 

The  true  bearing  compared  with  that  observed  shews  the 
variation. 

fct.  Dec. 4th,  1819, at  7* 30"  a.m., in  Pernambueo Ro»4f  1st  8° 4' 8.,  long.  J4°52'  W„ 
M.  Girrr  took  the  following  alts,  and  angular  dist,  height  of  the  eye  16  foet,ind.*eorr.  o  — 
(  Mtm.  nar  PEmphi,  Jv.) 


Time  by  W.  7"  25-  40-    Alt  Q 130  16-  |  Ang.  Dirt.  Circle. 

7  a6    to  23  23     I  i90°3o'3o^ 

Mean  23  *9  5       95    «S  "5 

(i.) 


Green.  Date,  3d,  21"  47" 


Red.  Dcd. 
Pol.  D.st. 


220  10'  47"  S. 
67  49 


Object  S.3i°4o'W. 

Alt   o  10 
Con*,  o. 

Obt.  Alt    230  19/8 

+"162!        +'22 
App.  Alt.    23    320 

-2 
True  Alt    23    30 


(S.)  Bun's  Azimuth. 
Pol.  Dist.    670  49' 


Ut 
Alt 


8 
99 


4 

3? 
23 


49 
18 


4" 

8 


no    45 
or  8.  69    15  E. 


sec.  0-00432 
sec.  0-03760 

cos.   9*8 1 09 1 
cos.   9*97788 

sin.  sq.   983071 


(4.)  Corr.  of  Ang.  Dist 

(Alt)i6r-(dip)4'-6 

0  Alt     230  3°' 

Dist  95  «5 
+  1 
Corr.  Ang.  Dist  95    17 


sine  7242 

sine  9601 

cosec  0002 

sin*  6*845 


(5  &  6.)  Computation  of  Diff.  of  Asim. 


Ang.  Dist  950  17' 
0  Alt        23    30 

Suppl. 


84°  14 


0  As. 
Obj.  Ai. 
Observed 

Va«. 


95 

S  69 

S  26 
S31 


46 
_!5B. 

31  w. 

40  W. 


cos.  89642 
aec  00376 
cos.  90018 


5    11  W. 
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IV.  Br  Terrestrial  Bearings. 

906.  The  true  bearing  or  azimuth  of  a  mountain,  at  a  consider- 
able distance,  is  determined  from  its  geographical  position  and 
that  of  the  observer.  As  the  true  azimuth  and  the  course  on  the 
great  circle  are  the  same  thing,  the  problem  is  that  in  No.  339  (1), 
p.  133.  But  as  mountains  are  rarely  seen  much  beyond  a  hundml 
miles,  it  is  near  enough  to  proceed  thus : — 

Find  the  D.  Lat.  and  D.  Long,  between  the  places  in  minutes 
of  arc.  Turn  the  D.  Long,  into  Dep.,  No.  318  or  319.  Find  the 
Course,  No.  280  (1).    This  is  the  approximate  azimuth. 

With  the  mid.  lat.  as  a  course,  and  the  D.  Long,  as  dist.,  find 
the  Dep. ;  this  is  a  number  of  minutes,  one-half  of  which  is  to  be 
subtracted  from  the  approx.  azim. ;  the  remainder  is  the  true 
azimuth,  very  nearly. 

Ex.  l4U.6o°6/N.,  long.  14a0  50'  W.,  find  the  true  asim.  of  Mt  St  Elias  in  lat 
6o°i8\  long.  140°  52'. 

D.  Lat  12  and  D.  Long.  118  give  Dep.  58*6,  and  Course  780  26'.  Then  6o°  and  118 
give  Dep.  tot  2  ;  and  51'  subtracted  from  780  26'  gives  the  Azim.  N.  770  35'  B. 

In  low  latitudes,  and  in  all  cases  when  the  object  is  near  N.  or  &.,  the  correction  may 
be  negleeted.    (For  more  precision,  see  No.  395,  p.  161.) 

907.  The  term  Variation,  as  defined  in  No.  882,  and  used  in 
this  chapter,  is  the  difference  between  the  true  bearing  of  any 
object  and  its  bearing  by  a  compass.  From  what  has  been  said 
in  Chapter  II.,  this  quantity  must  differ  from  the  correct  varia- 
tion  by  the  instrumental  error  of  the  compass,  by  the  local  effects 
of  the  land,  and,  further,  on  board  ship,  by  the  deviation. 

There  may  be  instrumental  errors  in  a  compass,  which  cannot 
be  detected  unless  the  correct  magnetic  bearing  of  some  object  is 
known.  For  this  reason  it  is  desirable,  when  there  is  any  reason 
to  suspect  the  accuracy  of  the  standard  compass,  that  advantage 
should  be  taken  of  being  in  a  port  where  the  exact  variation  is 
known,  to  examine  the  compass  according  to  the  process  described 
in  No.  224.  Errors  in  observed  bearing,  arising  from  the  sight- 
vane  not  being  vertical,  or  from  the  reflector  being  out  of  place, 
may  be  avoided  by  using  low  azimuth's  amplitudes,  or  nearly 
horizontal  bearings  of  terrestrial  objects.  Errors  arising  from 
the  centre  of  the  card  not  being  in  the  same  vertical  plane  as  the 
line  of  sight,  may  be  avoided  by  taking  bearings  of  several 
objects  distributed  round  the  horizon.  The  true  bearing  of  one 
object  may  be  determined  by  process  III.  or  IV.,  the  others  by 
horizontal  angles  therefrom. 

The  effects  of  such  local  disturbances  as  are  mentioned  in 
No.  222  may  generally  be  eliminated,  either  on  land  or  at  sea,  by 
observing  in  several  positions,  with  the  view  of  getting  on  oppo- 
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lite  sides  of  the  disturbing;  cause,  and  taking  the  mean  of  the 
results  as  the  correct  variation. 

When  an  observation  is  made  at  sea  with  a  compass  which  is 
instrumentally  correct,  and  is  free  from  local  disturbance  of  the 
land  or  ground,  the  difference  between  a  true  bearing  and  a  com- 
pass bearing, commonly  called  the  Total  Er)*orf  enabies  the  navigator 
to  shape  a  correct  true  course.  This  is  in  general  all  that  is  actu- 
ally required  for  navigation.  But  such  an  observation  would  not 
determine  the  variation,  unless  the  deviation  is  exactly  known. 
A  good  value  of  the  deviation  may  be  obtained  by  interpolation, 
if  the  ship  has  been  swung  a  short  time  previously,  and  again  a 
short  time  alter.  Allowing  the  same  on  the  total  error  will  give 
the  variation. 

When  the  compass  is  well  placed,  the  mean  of  the  total  errors 
on  two  opposite  cardinal  points  is  a  good  value  of  the  variation. 
A  still  better  value  may  be  obtained  by  taking  the  mean  of  the 
total  errors  on  the  four  cardinal  points. 

To  obtain  an  accurate  compass  bearing,  it  is  necessary  that 
the  ship's  head  should  be  steadied  as  directed  in  No.  248.  When 
a  ship's  head  is  moving  to  port  or  starboard,  the  compass  card  is 
obviously  liable  to  be  dragged  round  in  the  same  direction  as  the 
head  is  moving,  by  the  friction  on  the  pivot  On  the  other  hand, 
in  iron  ships  it  has  been  found,  that  when  the  head  is  moving  to 
the  right,  the  compass-needle  stands  a  little  to  the  left  of  its  due 
position,  and  vice  versa.  The  last  mentioned  effect  of  the  ship's  mo- 
tion in  azimuth  is  especially  noticeable  when  the  ship's  head  is  near 
the  north  or  south  points.  It  is  due,  possibly,  to  the  transient 
magnetism  not  instantly  adapting  itself  to  the  position  of  the  ship, 
aa  she  moves  round  in  azimuth.  An  exact  bearing  can  be  obtained 
by  taking  the  mean  of  two,  taken  with  the  ship's  head  moving 
in  opposite  directions;  also  an  accurate  deviation-table  may  be 
quickly  obtained  by  turning  a  ship  round  to  port  and  to  star- 
board under  steam,  making  use  of  the  sun's  azimuth,  and  taking 
the  mean  on  the  four  cardinal  points  as  the  variation,  where  it  is 
not  otherwise  known. 

Reduction  of  the  True  Course  to  the  Couree  by  Compass. 

908.  When  the  true  course  to  be  steered  is  determined,  it  must 
be  reduced  to  the  course  by  compass.  The  variation  of  the  compass 
is  to  be  applied  (No.  221) ;  the  result  is  the  correct  magnetic  course. 
See  p.  159. 

When  the  total  error  (No.  907)  of  the  compass  is  known,  it  is  to 
be  applied  to  the  true  course,  otherwise  the  deviation  (No.  227)  must 
be  applied  to  the  correct  magnetic  course;  the  result  is  the  course 
by  compass. 


CHAPTER   IX. 


The  Tides. 

I.  Phenomena  of  the  Tjdes.    II.  Rules  for  finding  the  Tmi 
of  High  Water.    III.  Tide-Observations. 

In  this  chapter  we  shall  attempt  merely  a  general  enumeration  of 
the  principal  phenomena  of  the  tides,  with  such  other  matters  as  are 
of  direct  practical  importance.* 

I.  Phenomena  of  the  Tides. 

909.  The  connexion  observed  in  all  ages,  and,  with  particular 
exceptions,  in  all  places,  between  the  succession  of  high  waters  and 
the  moon's  meridian  passage,  has  established  the  belief  that  the 
moon  is  the  cause  of  the  tides.  The  principle  of  gravitation,fou 
which  the  motions  of  the  earth  and  the  celestial  bodies  are  calcu- 
lated, and  their  figures  explained,  has  confirmed,  and  at  the  same 
time  corrected,  this  belief,  t>y  shewing  that  sensible  effects  must  be 

E reduced  not  only  by  the  moon,  but  also  by  the  sun,  though,  from 
er  greater  nearness,  the  moon  has  by  far  the  greater  influence; 
and  the  general  result  would,  naturally,  until  the  observations  were 
analysed,  be  attributed  exclusively  to  her. 

910.  The  attraction  of  the  moon  acting  most  strongly  on  those 
parts  of  the  ocean  which  are  nearest  to  her,  that  is,  over  which  she 
is  vertical,  tends  to  draw  these  parts  towards  her,  while  their  place 
is  supplied  by  the  water  at  the  sides  of  the  globe.  And  since  the 
central  parts  are  likewise  more  affected  in  the  same  action  than  the 
surface  at  the  opposite  or  farthest  side,  the  figure  of  the  earth 
becomes  elongated  in  the  direction  of  a  line  drawn  towards  the 
moon;  that  is,  the  water  is  accumulated  at  the  point  exactly  under 

*  The  reader  may  refer,  for  additional  information,  to  Tarious  papers,  by  Sir  John  Lub- 
bock and  the  Rot.  Dr.  WheweH,  in  the  Philosophical  Transactions,  dsc.,  1888,  particularly 
to  MAn  Essay  towards  a  Map  of  Cotidal  Lanes/*  followed  by  other  dissertations  by 
Dr.  Whewell;  and  to  "The  Tides,"  by  Professor  George  Howard  Darwin  (John  Murray, 
Albemarle  Street). 

t  This  principle  is  that  there  subsists  amongst  all  particles  of  matter  a  mutual  attraction 
whose  intensity  is  inversely  as  the  square  of  the  distance. 


336  NAUTICAL  ASTRONOH?. 

the  moon,  and  at  another  point  distant  from  the  former  180°  in 
latitude  and  longitude.  The  moon,  in  her  progress  to  the  westward, 
causes  thus,  at  each  meridian  in  succession,  a  high  water,  not  by 
drawing  after  her  the  water  first  raised,  but  by  raising  continually 
that  under  her  at  the  time. 

The  opposite  high  water,  or,  as  it  is  called,  the  inferior  tide, 
would,  if  the  moon's  action  was  uninterrupted,  follow  the  other,  or 
tuperior  tide,  after  the  interval  of  half  a  lunar  day,  or  12h24w  on  the 
average. 

Again,  the  sun,  acting  in  the  same  manner,  though  with  less 
force  than  the  moon  (in  consequence  of  his  distance  more  than 
counterbalancing  his  greater  magnitude),  produces  two  tides,  which 
would  follow  each  other,  if  uninterrupted,  after  an  interval  of  half  a 
solar  day,  or  12  hours. 

911.  But,  instead  of  four  separate  tides  produced  by  the  inde- 
pendent actions  of  both  bodies  on  the  mass  of  waters  in  their  original 
form,  the  effect  produced  is  the  same  as  if,  after  one  of  the  bodies,  as 
the  moon  for  example,  has  given  a  form  to  the  waters,  the  sun  alters 
that  form,  the  two  separate  actions  thus  producing  a  joint  result. 
Hence  the  place  at  which  it  is  high  water  is  that  at  which  the  sum 
of  the  heights  of  the  tides  produced  by  the  two  bodies  is  greater 
than  any  where  else. 

912.  When  the  sun  and  moon  are  on  the  meridian  together, 
their  actions  concur,  and  the  tide  is  higher  than  at  any  other  time. 
The  same  holds  when  they  are  in  opposition.  These  highest  tides 
are  called  spring-tides,  and  occur  after  new  and  full  moon.  Again, 
when  the  sun  and  moon  are  90°  apart,  their  actions  tend  to  neu- 
tralise each  other;  and  the  neap-tides,  which  occur  after  the  first 
and  third  quarters  of  the  moon,  are  the  smallest  of  all.  (See  No. 
919.) 

913.  Since  the  sun  and  moon  act  with  greater  force  as  they  are 
nearer,  the  effect  of  each  body  in  raising  the  tide  is  greater  as  its 
parallax  is  greater  (No.  436).  The  highest  spring-tides  would 
occur,  therefore,  in  January,  about  the  time  of  the  month  when  the 
moon's  hor.  par.  is  greatest.  But  the  effect  of  both  bodies  is  greater, 
generally  speaking,  as  their  alts,  are  greater,  since  when  vertical  the 
effect  is  greatest.    This  period,  therefore,  depends  on  circumstances. 

914.  If  the  actions  of  the  sun  and  moon  were,  as  we  have  hitherto 
supposed,  uninterrupted  by  obstacles  or  forces  of  any  other  kinds, 
the  tides  would  be  regular,  and  their  calculation  certain.  But 
from  the  unequal  depth  of  the  ocean,  and  the  barriers  presented  by 
continents  which  stand  across  the  natural  progress  of  the  tides,  their 
motion  is  interrupted,  and  the  tide-wave  (as  the  accumulation  of 
waters  is  called),  abandoned  by  the  forces  which  originated  it, 
becomes  subjected  to  the  mechanical  action  proper  to  waves  in 
general. 

915.  It  is  necessary  to  distinguish  between  the  motion  of  a  wave 
and  that  of  a  current.  A  wave  is  not  an  absolute  transfer  of  the 
body  of  moving  water  in  the  direction  of  the  motion  of  the  waves, 
but  is  a  motion  perpendicular  to  the  surface,  or  up  and  down.     The 
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motion  of  waves  is  represented  in  the  fluttering  of  a  flag  and  the 
>liaking  of  a  sail.  It  is  easy  to  see  that  this  kind  of  motion  is 
compatible  with  immense  velocity,  without  any  appreciable  current 
in  the  water  itself;  thus  the  tide- wave  appears  to  pass  from  the 
Cape  of  Good  Hope  to  Cape  Blanco  in  twelve  hours. 

916.  The  motion  of  waves  is  quicker  as  the  water  is  deeper. 
Also,  the  largest  waves  are  the  swiftest;  a  fact  illustrated  by  the 
superior  velocity  of  a  heavy  sea  over  that  of  the  rippling  of  a  pool. 
When  the  water  shoals,  the  wave  is  retarded  and  becomes  steeper 
on  the  advancing  side,  as  is  seen  in  the  approach  of  waves  to  a 
shelving  shore,  and  in  the  bores  of  rivers.  The  velocity  of  waves  is 
also  considered  to  be  greater  as  their  length  (or  distance  from  hollow 
to  hollow)  is  greater ;  thus  the  tide-wave,  though  inferior  in  height 
to  the  waves  of  an  agitated  sea,  yet  travels  with  prodigiously  greater 
velocity.  Waves  of  different  sire  and  velocity  merge  into  one  an- 
other, as  is  known  to  those  who  have  endeavoured  to  follow  with 
the  eye  the  waves  of  the  sea.  Lastly,  when  the  waves  meet  with 
obstacles,  such  as  sand -banks  or  reefs,  the  directions  of  their 
motions,  as  well  as  their  figures,  are  changed.  Several  of  the 
anomalies  which  the  tides  present  are  attributed  to  these  and  like 
circumstances.* 

917.  The  current  which  accompanies  the  tide,  and  changes  its 
direction  with  the  ebb  and  flow,  is  the  effect  of  the  alteration  of 
the  level  of  the  water  during  the  passage  of  the  tide-wave.  Also, 
when  a  body  of  water  in  a  channel  has  been  set  in  motion,  the 
motion  does  not  immediately  cease  with  the  cause  that  produced  it. 
Hence  the  tide-current  does  not  necessarily,  and  in  all  cases,  change 
with  the  tide;  and  thus,  under  certain  circumstances,  the  current  of 
the  ebb  continues  to  ruu  for  some  hours  after  the  flood-tide  has 
made. 

It  is  considered  probable  that  many  of  the  anomalies  in  recorded 
times  of  tide  have  arisen  from  thus  confounding  the  time  of  high  oi 
low  water  with  the  time  of  slack  water. 

Admiral  Beechey,  who  bestowed  much  attention  upon  the  com- 
plicated movements  of  the  tides  on  our  Western  coasts,  states  that 
though  each  point  of  the  coast  in  the  Irish  Channel  has  its  propet 
time  of  high  water,  yet  the  turn  of  the  stream  takes  place  simul 
taneously  to  all,  namely,  about  the  time  of  high  water  at  Morecombe 
Bay.  This  time  is  nearly  that  of  Liverpool ;  accordingly,  in  order  to 
know  whether  the  stream  is  setting  into  the  Irish  Channel  or  out  of  it, 
it  is  necessary  merely  to  find  whether  the  tide  is  rising  or  falling  at 
this  place.  Thus  while  the  tide-wave,  in  coming  in,  is  making  it  high 
»ater  at  the  different  places  succeeding  each  other  in  its  progress, 
the  stream  is,  nevertheless,  running  out.f 

*  Among  the  moat  curious  of  these  effects  are  those  called  imimftrtneti,  whereby  two 
d'uiinct  «cts  of  waves  may,  in  their  combination,  produce  apparent  rest.  See  Phil.  Trmmt, 
15&,  p.  i&4.     On  this  principle  are  explained,  also,  tides  which  occur  at  irregular  intfrriils 

1  A  Report  or  Observations  made  on  the  Tides  in  the  Irish  Sea,  &c,  by  Oapt.  P.  VV« 
Rescaey,  E.K.,  PkU.  Trm*.  1848  ;  see  also  N**t.  Hag.  1849,  p.  70. 
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918.  Tlie  height  of  the  tide  is  the  difference  be!  ween  the  let  el  ol 
high  water  and  that  of  low  water.* 

The  height  of  the  tide  in  the  open  ocean  is  supposed  to  be  very 
small ;  and  the  great  heights  observed  on  some  shores  are  evidently 
due  to  the  shoaling  of  the  water  and  the  narrowing  of  the  channel. 

The  tides  are  insensible  or  very  small  in  inland  seas ;  as  also 
in  high  latitudes,  except  from  local  causes.f 

919.  It  is  found,  in  general,  that  the  tide  is  not  due  to  the  moon's 
transit  immediately  preceding,  but  to  a  transit  which  has  occurred 
some  time  before.  The  time  thus  elapsed  between  the  transit  at 
which  the  tide  originated  and  the  appearance  of  the  tide  itself  is 
called  the  retard,  or  age  of  the  tide. 

Thus  the  tide  on  the  western  coasts  of  Spain  and  France  is  a 
day  and  a  half  old ;  that  at  London  is  two  days  and  a  half  old. 

It  appears  certain  that  the  age  of  the  tide  on  the  W.  coast  of 
Ireland  is  2  days  (p.  38),  and  on  the  S.  W.  coast  ld  20*  (p.  1  \0).% 

It  would  appear  further  that  changes  in  the  parallax  and  decli- 
nations of  the  sun  and  moon  produce  their  several  effects  on  the 
time  and  height  of  the  tide  after  particular  intervals. 

It  is  thus  constantly  necessary  to  discriminate  between  a  tide* 
which  may  happen  after  any  particular  transit  and  the  tide  which 
really  corresponds  to  that  transit;  thus,  for  example,  if  the  moon 
passes  the  meridian  at  4  p.m.  to-day,  and  the  high  water  occurs  at 
7  p.m.,  this  tide  will  not  in  general  be  that  which  corresponds  to  the 
transit  3  hours  before,  but  may  have  had  its  origin  several  transits 
!>ack.  The  transit  to.  which  the  tide  really  corresponds  is  found  by 
examining  the  observations  of  the  several  preceding  tides,  the  highest 
of  which,  being  due  to  the  united  actions  of  the  sun  'and  moon,  is 
know u  to  correspond  to  the  moon's  transit  at  12  o'clock,  noon  or 
midnight. 

920.  The  wean  level  of  the  sea  is  th»i  middle  between  the  levels  of 
high  water  and  low  water. 

Though  the  heights  of  high  water  and  those  of  low  water  may 
vary  considerably,  yet  the  mean  level  seems  confined  to  very  narrow 
limits.  Thus,  at  Singapore,  where  the  heights  of  two  consecutive 
low  waters  differ  sometimes  six  feet,  the  mean  level  varies  only  a 
few  inches.— Phil.  Trans.  1837. 

Hence  it  follows  that  heights  measured  above  the  sea  should  be 
referred  to  the  mean  level  as  the-  standard  or  zero,  instead  of  that  of 
either  low  or  high  water. 

It  is  not,  however,  to  be  supposed  that  the  middle  point  between 
any  two  cousecutive  tides  is  the  mean  level.     This  will  be  the  case 

*  The  term  range  would  be  preferable  to  height,  as  it  implies  a  distance  between  boun- 
daries, as,  for  ex.,  the  range  of  the  barometer.  The  ••  height  of  the  tide"  is  continually,  in 
common  discourse,  used  for  the  height  of  the  water. 

t  Sir  John  Ross  found  a  rise  and  fall  of  8  feet  in  lat.  74°  N. 

♦  On  the  Law  of  the  Tides  of  the  Coasts  of  Ireland,  by  G.  B.  Airy,  Esq.,  Astronomer 
R.ival,  Phil.  lYatu.  1845.  This  paper  refers  to  a  most  extensive  and  complete  series  «i 
obwnmtions  made  in  1842  under  Gen.  Colby,  director  of  the  Trigonometrical  Surwj  chiefly 
for  the  |Hu-|i«isa  of  referring  the  derations  observed  to  the  level  of  the  f*. 
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only  when  two  tides  in  succession  attain  the  same  high- water  level 
and  the  same  low-water  level,  as  at  springs. 

921.  By  the  Establishment  of  the  Port  or  Tide-hour  has  been 
commonly  understood  the  apparent  time  of  the  first  high  water 
that  takes  place  in  the  afternoon  of  the  day  of  full  or  change. 
This  Dr.  Whewell  has  called  the  Vulgar  Establishment. 

922.  The  interval  between  the  moon's  transit  and  the  high 
water  next  following  is  called  a  lunitidal  interval. 

Thelunitidal  interval  varies  from  day  today  during  the  fortnight 
between  full  and  change. 

923.  The  correct  establishment  is  the  lunitidal  interval  corre- 
sponding to  the  day  on  which  the  moon  passes  the  meridian  exactly 
at  noon  (with  the  sun)  or  at  midnight.  This  is  found  by  taking  the 
mean  of  all  the  times  of  H.  W.  for  a  fortnight.  The  Vulgar  Estab. 
may  thus  be  an  hour,  or  considerably  more,  in  error  when  used  as 
representing  the  H.  W.  on  any  day  of  the  fortnight. 

The  tide  caused  by  the  united  actions  of  the  sun  and  moon,  when 
each  of  these  bodies  is  in  one  of  the  positions  most  favourable  for 
raising  the  water,  is  identified  by  its  superior  height  And  it  is 
thus  found  (as  observed  in  No.  919)  that  the  interval  by  which  the 
tide  follows  the  moon  on  the  day  when  the  full  or  change  occurs  at 
12  o'clock,  or  the  lunitidal  interval  corresponding  to  that  particular 
transit,  is  not  the  interval  actually  observed  on  that  day. 

The  establishment  of  the  port,  and  also  the  height  of  the  tide, 
appear  to  be  subject  to  change. 

924.  Thedifference  between  the  lunitidal  interval  at  each  transit 
of  the  moon  and  the  correct  establishment  is  called  (by  Sir  J. 
Lubbock),  from  the  period  of  its  recurrence,  the  semi-menstrual 


This  inequality  is  found  to  be  different  for  different  places ;  l  ence 
the  time  of  high  water  at  any  place  cannot,  generally,  be  accurately 
deduced  from  that  at  any  other  place  by  merely  applying  the 
difference  of  time  between  the  two  establishments. 

925.  The  tide  is  subject,  in  like  manner,  to  a  semi-menstrual 
inequality  in  the  height.  This  inequality  being,  like  that  in  the 
time,  different  for  different  places,  the  height  of  a  tide  at  any  one 
place  cannot  always  be  correctly  inferred  from  the  given  height 
at  any  other. 

926.  It  has  been  found  that  the  morning  and  afternoon  tides 
do  not  rise  to  the  same  height;  the  difference  is  called  the  Diurnal 
Inequality. 

This  irregularity  is  the  consequence  of  the  sun  and  moou  not 
being  always  on  the  equator.  Thus,  suppose  the  moon  in  20°  N. 
declin.:  then  the  summit  of  the  superior  tide  is  in  20°  N.lat.,  and 
of  the  inferior  tide  in  20°  S.  lat.,  each  alternate  tide  having  thus 
its  greatest  elevation  in  the  other  hemisphere.  The  diurnal  in- 
equality is  subject  to  steady  rules,  and  may  be  predicted. 

927.  The  maximum  of  the  diurnal  inequality  corresponds  to  the 
moon's  greatest  declination,  though  it  may  not  appear  till  after  the 
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time  of  the  greatest  declination.  In  like  manner,  it  disappears  with 
the  moon's  declination,  but  not  till  some  time  after  she  has  crossed 
the  equator.  For  example,  the  age,  as  it  may  be  termed,  of  this 
inequality  is,  at  Liverpool,  six  days;  at  Singapore,  a  day  and  a  half. 
A  diurnal  inequality  appears  in  the  times,  as  well  as  in  the  heights, 
of  the  morning  and  afternoon  tides. 

928.  The  Diurnal  Inequality  is  a  feature  in  tidal  phenomena, 
which,  being  particularly  small  in  British  waters,  has  not  received 
the  attention  it  merits  from  the  English  sailor,  for  in  the  Indian 
seas,*  and  indeed  in  most  other  parts  of  the  globe,  this  diurnal 
inequality  is  a  regular  change,  considerable  in  amount,  and  almost 
universal  in  prevalence. 

In  consequence  of  the  diurnal  inequality,  it  sometimes  happens 
that  the  day  tides  are  higher  than  the  night  tides,  or  the  reverse, 
for  many  weeks  together.  And  hence  it  has  sometimes  been 
stated  at  such  places,  that  the  day  tides  are  always  the  highest, 
or  the  reverse.  But  this  is  not  the  case.  The  rule  of  the  diurnal 
inequality  depending  on  the  declination  of  the  moon  and  sun,  if 
the  day  tides  are  the  highest  at  one  time  of  the  year,  they  are  the 
lowest  at  another. 

The  diurnal  inequality  sometimes  affects  the  time  of  high 
water  as  much  as  two  hours,  that  of  low  water  about  forty  minutes; 
at  the  same  time  a  variation  of  twelve  inches  may  be  observed  in 
the  height  of  high  water,  and  of  thirty-six  inches  in  that  of  low 
water.  Such  effects  are  far  too  great  to  be  neglected,  either  in 
the  prediction  of  tides  or  the  reduction  of  soundings. 

929.  Strong  winds  affect  the  time  and  height  of  the  tide,  but 
chiefly  the  former,  especially  in  rivers  and  narrow  seas.f 

The  pressure  of  the  atmosphere  also  affects  the  height  of  the 
tide,  the  water  being  in  general  higher  as  the  barometer  is  lower. J 

980.  Though  high  and  low  water  may  succeed  each  other 
regularly  as  to  time,  yet  the  water  does  not  always  rise  and  fall 
at  the  same  rate.  Thus,  for  ex.,  the  water  in  some  places  falls 
faster  during  the  first  of  the  tide  than  afterwards. 

Irregularities  both  in  the  duration  of  the  tide  and  in  the  rate 
at  which  the  water  rises  or  falls,  are,  however,  most  conspicuous 
in  rivers. §  At  Limerick  and  New  Boss,  the  fall  of  the  water 
occupies  a  longer  time  than  the  rise ;  at  most  other  stations  the 
rise  appears  to  occupy  a  little  longer  time  than  the  fall.  This  last, 
however,  appears  less  certain. — Phil.  Trans.,  1845,  •'  Law  of  Tides." 

*  8ee  Tide  Tables  for  the  Indian  Porte,  by  Captain  8.  G.  Borrard,  R.  EL,  and 
Mr.  B.  Roberts,  F.R.A.S.,  F.8  3.,  published  yearly  bj  the  authority  of  the  Secretary  of 
State  for  India. 

f  Adm.  Beechey  acquainted  me  that  he  considered  strong  winds  do  not  raise  the 
water  more  than  2  feet,  even  in  the  Bristol  Channel,  where  the  range  is  above  40  feet. 

X  It  has  been  established  that  a  rise  in  the  barometer  of  an  inch  is  accompanied  by  a 
fall  in  the  height  of  the  water  of  12  or  14  inches.  This  opposite  motion  of  the  water 
and  the  mercury  due  to  the  atmospheric  pressure  was  established  by  Mr.  Daussy  in  dis- 
cussing the  tide-observations  made  at  Brest. 

§  At  Limerick,  after  low  water,  the  water  sometimes  rises  as  much  in  ten  minute*  as 
it  had  previously  dropped  in  two  hours.  Such  irregularities  cause  considerable  difficulty 
in  ascortakiug  the  true  state  of  the  case. 
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tl    Rules  for  Finding  the  Time  of  High  Watok. 


931.  The  first  of  the  two  following  rales,  which  is  the  old  method 
of  finding  the  time  of  high  water  by  the  moon's  age,  affords  merely 
a  rough  estimate,  as  it  may  be  in  error  nearly  two  hours.  The 
second,  which  involves  the  semi-menstrual  inequality,  will  be  found 
a  tolerable  approximation  on  our  own  coasts,  being  generally  within 
J5,nor  20m;  but  as  each  place  has  a  different  semi-menstrual  inequa- 
lity, the  degree  of  accuracy  which  it  may  possess  as  applied  to  other 
parts  of  the  world  than  those  for  which  the  table  u»  constructed, 
cannot  be  pronounced. 

Complete  rules  for  computing  the  time  and  the  height  *)f  the  tide 
involve,  also,  corrections  for  parallax  and  declination,  and  require 
special  tables  for  each  port.* 

932.  Rule  I.  for  a  rovah  estimate.  (1.)  For  the  moon's  age.  To 
the  epact  of  the  year,  Table  14,  add  the  epact  of  the  month,  and  the 
day  of  the  month.  The  result,  if  less  than  29*  13h,  is  the  moon's  age 
at  noon;  if  it  exceed  29*  13h,  subtract  29*  I3b. 

In  leap-years,  in  January  and  February,  deduct  1  day. 

(2.)  For  the  moon's  meridian  passage. t  Multiply  her  age,  to 
the  nearest  day,  by  8,  and  point  oft  one  decimal :  the  result  is  the 
lime  of  the  merid.  passage  nearly  4 

(3.)  For  the  time  of  high  water.  To  the  time  of  merid.  pass,  add 
the  establishment  of  the  port  (or  tide-hour). 

(4.)  If  the  sum  be  less  than  12  hours,  it  is  the  time  of  high 
water  p.m.  ;  if  it  exceed  12  hours,  it  is  the  time  of  high  water  next 
morning;  and,  to  obtain  the  time  for  p.m.  on  the  present  day,  sub- 
tract 12*  24w. 

If  the  sum  exceed  24  hours,  it  is  the  apparent  time  of  high 
water  p.m.  the  next  day;  for  the  time  p.m.  on  the  proposed  day, 
subtract  24h48m. 

Note. — This  rule  supposes  that  the  tide  always  follows  the  moon  by  the  seme  interval ; 
hut  this  interval,  generally  speaking,  it  different  for  each  day  of  the  fortnight.  See  No. 
923. 


*  Such  tables  are  given  in  the  Tides  published  annnally  by  the  Hydrographic  Office. 
The  errors  of  the  predicted  times  do  not  appear  to  exceed  five  or  ten  minutes,  except  in 
gales  of  wind,  when  the  time  of  high  water  may  be  altered  upwards  of  half  an  hour. 

f  This  is  often  called  Mouthing ;  but  as  in  south  latitude  the  moon  passes  the  meridian 
to  the  northward,  this  term  is  not  adapted  to  general  use. 

t  The  moon's  age  thus  found  may  be  more  than  a  day  in  error,  bat  hst  merid.  past, 
will  generally  be  less  than  an  hour  in  error. 
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Ei.  2.   Required  the  time  of  high 
at  Shields,  March  310,  1891. 

Epact  1891  20-    9* 

Do.  March  29    II 

1*7»  31 


F.i.  •.  Find  the  time  of  high  water  at 
Falmouth,  Oct.  3d,  189I. 

Epact  1891  201     9* 

Do.  Oct.  7       5 

!>•*•  3 

30    "4 
-£9_J3 
I 

8 

>  V  Mer.  Pa«5.     08  »  O*  48" 
Tide  hour  +f_iZ 

Time  or  H.W.     5    45  r.M. 


Ei.  9.     Find  the  time  of  high  water  at  Liverpool,  March  lorh,  1891. 

Tide  hour  1 1*  23-  Time  or  H.W.  II*  23-  *.*. 

Ex.  4.     March  30th,  1891,  6iid  the  time  of  high  water  at  Portsmouth. 

*1  ide-bour  I  lh  41-  Time  or  H.W.  a*  53-  r.M. 

Ei.  5.    June  2d,  1891,  find  the  time  of  high  water  at  Liverpool. 

Tide-hour  II*  23-  Time  or  H.W.  7*  15-  rJ. 


80 

20 

-59 

2 

21 

18 

8 

168: 

-l6k4«- 

TidVhovr 

+  3 

21 

20 

09 

12 

24 

Tai  or  H.  W. 

7 

45" 

933.  Rule  IL  (I.)  Take  from  the  Nautical  Almanac  the  M.T. 
of  the  moon's  meridian  passage,  and  correct  it  for  the  longitude  by 
Table  28. 

(2.)  Take  from  Table  15  the  semi-menstrual  inequality  corre- 
sponding to  this  time,  and  apply  it  to  the  reduced  time  of  mer. 
pass,  as  directed  in  the  table.  To  this  result  add  the  tide-bour, 
and  the  sum  is  the  time  of  high  water. 

(3.)  When  this  time  exceeds  12  hours,  it  is  the  time  of  high 
water  past  midnight, — that  is,  a.m.  the  next  day. 

When,  therefore,  the  p.m.  tide  preceding  is  required,  it  is 
necessary  to  employ  the  inferior  transit  of  the  moon. 


Ex.    1.     Aug.  6  h,  1891,  6nd  the  time  of  high  water  at  Shields, 
tide-hour  3*  21". 


Long.  1°  25*  W. ; 


)*itr.  6th 

i"  33" 

Inf.  tr.  6th 

1*    5- 

Corr.  for  long. 

0     0 

Sem.  ineq. 

-      14 

Sem.  ineq. 

-0  21 

51 

1    12 

Tide-hour 

3   21 

Tide-hour 

3   21 

Time  or  H.W. 

4      12  A 

Tuikof  H.W.  6th 

4   33**« 

Ei.  «.     Aug.  29th,  1891,  find  ihe  time  of  H.W  at  Portsmouth. 

Tide-hour  nk  41".     High  Watee  29th,  7*  10*  a.m.  and  yk  54m  r.n.  on  19th. 

Ei.  S.     March  Ilth,  1891,  find  the  time  of  high  water  at  Cherbourg. 
Tide-hour  8*  o".    Hioe  Water  ntb,  8h  32-  a.m.,  8*  53*  p.m. 

(4.)  When  the  time  of  the  moon's  transit  on  the  given  day 
exceeds  12  hours,  the  transit  occurs  a.m.  on  the  next  day  (civil 
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time).  It  is  evident,  therefore,  that  to  obtain  the  times  of  high 
water  on  the  same  day,  we  must,  in  such  cases,  employ  the  transit 
»f  the  preceding  dav. 

Subtract  12h  from  the  time  of  transit,  to  enter  the  table  of  the 
veini-menstrual  inequality. 

To  find  the  other  tide,  we  must  employ  the  inferior  transit  as 
already  directed. 

Ex.  4.     April  8th,  1891,  find  the  times  of  high  water  at  Shields. 


J'str.  April  71b 

23k  49" 

For  the  a.m.  tide  preceding. 

Corr.  for  long. 

0 

Inferior  nana.  April  7th     it*  21* 

Sem.  ineq. 

■+•        2 

Sem.  ineq.                                +  8 

Tide- hour 

+  3    21 

Tide-hour                         4-3    21 

Time  ow  H.W.  April  7th 

27      12  P.M. 

Tims  of  H.W.  April  7th      14    50  r.n 

or  April  8th 

3    l2r.M. 

or  April  8th         2    5c  a.  it. 

Ex.   5.     July  20th,  1891,  find  the  times  of  high  water  at  Tynemouth  bar. 
Tide-hour  3*  20".     High  Wats*  July  20th,  2k  4"  a.m.,  and  2k  28"  f.m. 

934.  When  the  range  of  tide  is  considerable,  and  the  depth 
not  great,  and  it  is  required  to  identify  the  place  of  the  ship  by  the 
soundings,  or  when  about  to  enter  a  harbour  in  a  vessel  whose 
draught  of  water  is  nearly  equal  to  the  depth,  it  is  necessary  to 
find  the  height  of  the  tide  as  exactly  as  circumstances  permit.  If 
the  place  is  one  of  those  of  which  particulars  are  given  in  the 
tide-tables  published  by  the  Hydrographic  Office,  the  depth  is 
found  by  the  rules  there  given.*  When  such  tables  are  not  at 
hand,  it  may  be  found  approximately  by  Table  16. 

935.  It  is  proper  to  remark  that  the  age  of  the  tide  is  neces- 
sary to  the  computation  of  its  height.  Thus,  suppose  it  is  H.W. 
at  2h  SO01  p.m.  on  Monday,  the  day  of  change.  Now,  if  this 
H.W.  is  the  tide  really  corresponding  to  the  transit  of  the  sun  and 
moon  together  (No.  919),  it  will  also  be  that  which  gives  the 
spring  range;  the  next  range,  therefore,  will  be  less,  and  each 
range  in  succession  will  go  on  decreasing  to  the  neap-tide.  But  if 
the  age  of  the  tide,  in  the  supposed  case,  is  2  days,  that  is,  if  the 
highest  tide  does  not  follow  till  2  days  later,  or  till  Wednesday 
afternoon,  then  the  range  on  Monday  will  not  be  so  high  as  on 
Wednesday ;  that  is,  the  range,  instead  of  decreasing  continually  to 
the  neap-tide,  will  go  on  increasing  for  the  next  2  days ;  after  which 
it  will  begin  to  decrease  until  the  neap-tide,  which  will  take  place 
2  days  after  the  1st  quarter,  and  not  on  the  day  of  the  1st  quarter. 

*  The  soundings  marked  on  the  Admiralty  Charts  show  the  depth  at  Low  Water 
ordinary  springs ;  hence  a  correction  has  to  tie  applied  to  the  soundings  obtained  to 
compare  it  with  these  shown  upor  the  chart  to  know  the  dipih  over  a  bar  or  in  a 
harbour.     ##<  Table  on  p.  344. 
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The  following  Diagram  is  intended  to  explain  the  terms  Spring  Rise, 
Noap  Rise,  and  Neap  Rauge,  as  made  use  of  in  this  work. 


«3e  Mean  level  of  High  Water  Ordinary  Springs. 

5=       „  „  „  Neaps. 

e  =  Half  Tide  or  Mean  Level  of  the  sea  both  at  Springs  and  Neaps. 

d  =  Mean  Level  of  Low  Water  Ordinary  Neaps. 

«ae       „  „  „  Springs. 

Example. 
Spring  Rise  (or  Mean  Spring  Range)  =  etoa  =  12ft. 

Neap  Rise =  e  to  6  =  10  ft. 

Neap  Range         .        •        •  =  d  to  b  =    8  ft. 

For  ordinary  purposes  the  following  Table,  for  Reducing  Soundings 
to  the  Mean  Low  Water  Spring  Tides,  will  be  found  sufficiently  correct, 
•xoept  where  the  Tides  are  affected  by  a  large  diurnal  inequality. 

At  Spring  Tides. 


At  the  1st  hour,  before  and  after  high  water,  deduct  \\\ 
M      2ud     ., 


3rd 
4th 
5th 
6th 


n 

99 


9* 
99 


91 
ft 


91  19 

At  Neaps. 


99 

n 


At  the  l*»t  hour,  beforo  and  after  high  water,  deduct 
,.  2nd 
3rd 
4th 
5th 
6th 


9* 

91 
91 


11 
11 


11 
11 


ft 

n 

91 

it 


Of  the  rise 
at  springs. 


Of  the  rise 
at  springs 


Trinity  High- Water  Mark,  as  established  by  Act  of  Parliament 
in  1800,  is  cut  upon  a  large  stone  on  the  lower  outer  wing  wall  of  the 
Hermitage  entrance  of  the  London  Docks.  Trinity  high-water  mark 
is  12*53  feet  above  the  Datum  used  by  the  Ordnance  Survey,  i.e.  Mean 
Level  of  the  sea  at  Liverpool ;  thereforo  bv  obtaining  from  the  Ordnance 
map  the  level  of  any  Bench  mark  and  applying  12  53  feet  to  it,  the  level 
of  the  Trinity  high-water  mark  is  found. 

The  Trinity  high-water  mark  will  be  found  cut  upon  the  Tower 
Wharf,  and  also  nnon  the  front  of  the  Fishmongers'  Hall  Wharf,  next 
above  London  Bridge. 
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III.  Tide-Observations. 

1938.  It  is  evident,  from  what  has  been  said  (New.  919,  922j, 
that  the  establishment  cannot  be  truly  deduced  from  the  notice 
of  a  solitary  high  water;  and  that  observations,  continued,  at  least 
throagh  a  semi-lunation,  are  necessary  for  even  a  tolerable  approxi- 
mation. But  the  true  establishment  cannot  be  successfully  deter- 
mined from  a  series  of  observations  involving  the  semi-menstrual 
inequality,  the  various  effects  of  changing  declinations  and  paral- 
laxes, with  temporary  and  local  circumstances,  except  by  persons 
not  only  thoroughly  versed  in  arithmetical  operations  on  an  exten- 
sive scale,  but  well  exercised  in  the  particular  intricacies  of  these 
laborious  calculations.  We  have,  therefore,  confined  ourselves  here 
to  merely  indicating  the  details  which  should  accompany  tide-obser- 
vations. 

(1.)  The  exact  spot  of  observation  must  be  specified. 

(2.)  The  instant  of  both  high  water  and  low  water  should  be 
stated,  with  the  height,  or  difference  of  the  two  levels,  in  feet  and 
inches.  As  the  water  hangs  for  some  time  towards  the  turn  of  the 
tide,  and  as  the  tide-current  may  be  independent,  it  is  necessary  to 
note  the  instant  at  which  the  water  passes  a  fixed  mark,  both  in 
rising  and  falling;  the  means  of  these  times  are  the  instants  of  high 
and  low  water  respectively.  The  marks  should  be  fixed  in  some 
place  to  which  the  water  passes  slowly,  because  the  waves,  however 
small,  continually  washing  over  the  marks,  render  it  difficult  to 
detect  a  small  rise  or  fall  of  the  water. 

The  observations  of  both  low  and  high  waters  of  the  24h  are 
necessary  for  determining  the  Diurnal  Inequality ;  but  as  the  time 
of  this  inequality  is  of  less  importance  than  the  height,  it  will  often 
be  enough,  in  respect  to  this  particular  point,  to  note  the  height 
alone. 

About  mean  water  (or  half  tide)  the  surface  rises  or  falls  with 
greater  velocity  than  at  any  other  time,  and  accordingly  the  instant 
at  which  the  water  passes  a  fixed  mark  or  a  given  horizontal  line 
may  be  observed  with  greater  precision  than  at  any  other  time. 
Hence  it  has  been  recommended  to  notice  the  instant  of  passing  one 
or  two  such  marks,  instead  of  the  times  of  high  and  low  water. — 
44  On  the  Law  of  the  Rise  and  Fall  of  the  Sea's  Surface  during  eaci? 
Tide:—  Phil  Trans.,  Part  II.  for  1840. 

It  has  been  proposed  to  place  tiie  marks  at  half-tide,  but  this 
does  not  answer,  especially  where  the  diurnal  inequality  is  consider- 
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able.*  The  intervals  should  be  short  on  cither  side,  of  high  and  low 
water  because  the  tides  do  not  rise  and  fall  with  equal  velocity. 

(3.)  The  times  of  slack  water  should  be  noted. 

(4.)  The  direction,  and,  in  general  terms,  the  force  of  the  wind% 
should  be  stated,  as,  also,  the  height  of  the  barometer. 

As  the  effects  of  winds  and  atmospherical  changes  are  not  con- 
fined to  the  particular  hours  during  which  such  causes  are  in  action, 
it  will  be  proper,  when  only  a  short  series  of  observations  can  be 
obtained,  to  add  further  a  brief  notice  of  the  state  of  the  weather 
for  some  time  previous. 

Observations  continued  for  a  fortnight  afford  a  first  approxima- 
tion to  the  Tide-hour ;  and  when  carried  on  for  some  months,  this, 
with  some  other  principal  elements,  may  be  obtained  with  consider- 
able accuracy. 

937.  The  custom  has  prevailed  of  noting  the  establishment  as 
the  hour  of  the  day ;  but  it  obviously  should,  as  recommended  by 
Dr.Whewell  (Phil.  Trans.  1833,  p.  229),  be  considered  merely  as 
an  interval.  Since  the  correct  establishment  is  measured  from  twelve 
o'clock,  it  may,  indeed,  appear  to  be  indifferent  whether  we  call  it 
an  absolute  time  or  an  interval ;  but  the  absolute  time  of  the  tide  is 
in  all  cases  referred  to  the  instant  of  the  moon's  transit,  and  it  is 
absurd  to  talk  of  adding  two  absolute  times  together;  as,  for  ex- 
ample, adding  three  o'clock  of  the  day  to  five  o'clock  of  the  day. 
Also,  by  considering  the  establishment  as  an  interval  only,  we  avoid 
confounding  mean  and  apparent  times. 

938.  The  soundings  on  the  charts  are  the  depths  at "  low  water  ;** 
but  this  terra  may  imply  indifferently  the  mean  low  water  of  the 
whole  year,  or  of  the  equinoctial  spring-tides,  of  which  the  average 
is  not  always  identical,  or  of  those  low  waters  only  which  were 
observed  during  the  operations  of  survey.  Since  these  may  differ 
considerably  from  each  other,  the  computed  depth  may  be  in  error 
by  the  same  difference.  It  might  appear  less  equivocal  if  the  lowest 
of  all  the  low  waters  were  understood  ;  but  this,  though  a  natural 
phenomenon,  and,  so  far,  preferable  to  an  imaginary  standard,  as  an 
average,  is  still  defective,  since  it  is  affected  by  winds.  It  would 
appear,  therefore,  as  Capt.  Beechey  proposes,+  that  the  standard  low 
water  should  be  identified  as  so  many  feet  and  inches  below  the 
mean  level,  which  appears  to  be  the  only  element  nearly  constant. 

The  mean  level  may,  it  appears,  be  found  approximately  by 
observations  of  four  consecutive  tides,  which  include  the  diurnal 
inequality. 

*  Adm.  Bayfield  (to  whom  I  am  indebted  for  some  important  remarks  and  corrections 
here  and  elsewhere  in  the  former  editions)  infoims  me  that  in  the  St.  Lawrence  the  alternate 
ebbs  do  not  fail  to  the  half-tide  mark  at  all  when  the  diurnal  inequality  is  considerable. 
Also  Adm.  Beechey  acquainted  me.  as  the  r^ult  of  numerous  observations,  that  at  Plymouth 
the  half- interval  of  time  between  the  passages  over  the  half- tide  marks  requires  fa  of  the 
whole  int.  to  be  added  to  it  for  the  cot  rect  lute  of  high  water,  in  cooaequence  of  tha 
aueaual  rise  and  fall. 

f  "  A  Repo-t  of  Observations,"  Ac 
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I.  Shaping  the  Course.     II.  Place  op  the  Ship.     III.  Deter. 

MINING  THE  CURRENT.       IV.    STORMS.       V.    M AKING  THE   LAND. 

939.  In  the  preceding  part  of  this  volume  each  point  of  the 
subject  has  been  treated  separately.  The  present  section,  which 
will  conclude  the  Practice,  and  to  which  the  former  chapters  may 
be  considered  subservient,  contains  matters  of  geneial  reference  in 
conducting  the  navigation  of  the  ship. 


1.  Shaping  the  Course. 

940.  As  soon  as  the  ship  is  clear  of  the  land,  and  circumstances 
permit,  her  head  is  put  upon  the  course  to  be  steered,  the  log  hove, 
and  the  departure  taken. 

When  the  course  is  to  be  shaped  for  a  distant  port,  recourse  is 
had,  in  defect  of  personal  experience,  to  the  Sailing  Directions,*  in 
order  to  learn  what  point  to  steer  for,  so  as  to  profit  by  particular 
winds  or  currents,  or  to  avoid  dangers.  The  bearing  of  such  point 
is  then  worked  for  by  parallel,  middle  latitude,  or  Mercator's  sail- 
ing, according  to  the  case;  or,  a  ruler  being  laid  on  the  chart  over 
the  place  of  departure,  and  the  point  in  question  shews  the  course, 
No.  381. 

941.  When  the  wind  is  foul,  reference  will  be  made  to  No.  299; 
but,  in  the  case  of  a  prevailing  foul  wind,  the  proper  line  of  proceeding 
will  be  indicated  in  the  Sailing  Directions. 

A  steam-vessel  will  generally  preserve  her  course  without  regard 
to  the  wind,  except  in  long  passages. 

*  The  Sailing  Directions  contain  descriptions  of  ports  and  anchorages,  with  account*  of 
the  winds,  currents,  and  tides,  for  various  coasts  and  seas.  Besides  these  and  other  parti- 
culars, necessary  for  navigation  alone,  works  of  this  kind  contain  well-selected  passages  from 
voyages  and  travels,  by  which  the  reader  may  obtain  clear  ideas  of  the  physical  aspect  of  the 
shores,  climate,  and  natural  phenomena  of  most  parts  of  the  world,  and  derive  considerable 
information  respecting  the  manners  and  customs  of  the  inhabitants,  the  productions,  and 
irtk'les  of  merchandise. 
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1.  Shaping  the  Course  in  a  Current. 

942.  When  the  whole  or  any  part  of  the  voyage  lies  through  t 
current,  having  everywhere  the  same  direction  and  velocity,  it  i* 
proper  to  shape  that  course  which  shall  keep  the  port  on  the  same 
bearing  (No.  294),  because  the  ship  will  thus  cross  the  current  in  the 
shortest  possible  time.  But  if  the  current  be  different  in  different 
parts  of  the  voyage,  this  rule  does  not  hold  good.  This  point  cannot 
be  pursued  further  in  this  volume. 

When  the  current,  setting  the  ship  away  from  her  port,  is  so 
fctrong,  or  the  wind  so  light,  that  the  ship  cannot  preserve  the 
Hearing  of  the  port  unaltered,  she  will  be  kept  so  that  the  course 
made  good  shall  not  be  more  than  eight  points  from  the  bearing  of 
ihe  port;  because,  though  she  cannot  thus  near  the  port  till  circum- 
stances change,  yet  she  will  not  increase  her  distance  from  it,  as 
would  result  from  shaping  any  other  course. 

The  application  of  all  such  rules  must,  accordingly,  depend  upon 
the  circumstances  of  the  case. 

943.  When  the  ship,  having  a  foul  wind,  is  in  a  current  of  which 
the  direction  and  rate  are  known,  she  should  be  kept  as  much  as 
possible  on  that  tack  on  which  the  current  tends  most  to  drift  her  to 
windward,  or  is  least  unfavourable  in  drifting  her  to  leeward. 

For  example.  Suppose  the  course  to  be  steered  is  S.W.,  the  wind  S.S.W.,  the  current 
S.S.E.,  2  knots.  Then,  on  the  larboard  tack,  lying  west,  and  going,  suppose,  6  knots,  she 
will  make  good  S.  700  W.  5*5  miles,  No.  292.  On  the  starb.  tack,  lying  S.E.  and  going  6 
knots,  she  will  make  good  S.  39°  E.,  8  knots.  The  distance  made  good  in  the  direction  o, 
the  port  when  her  head  is  SE.  is  0*8  miles  per  hour,  No.  285;  when  lying  west,  this  quantity 
is  5  miles. 

In  this  case  the  current  tends  to  drift  the  ship  to  windward  on  both  tacks;  but  the  larboard 
tack  is  the  most  favourable. 

2.  Sliaping  the  Course  on  a  Great  Circle. 

944.  When  the  ship  sails  on  the  arc  of  a  great  circle,  the 
distance  traversed  in  passing  between  any  two  points  in  her  track 
is  (as  observed  in  Nos.  336,  4  c.)  less  than  if  she  had  sailed  on  a 
rhumb-line.  A  distinction  of  greater  importance  between  these 
two  tracks  is,  however,  that  every  point  of  the  great  circle  lies  in 
a  higher  latitude  than  any  point,  having  the  same  longitude,  on 
the  rhumb-line.  Thus,  if  two  ships  sail  from  St.  Helena  to  C. 
Horn,  the  one  upon  the  great  circle,  and  the  other  on  the  rhurab- 
line,  altering  their  longitude  by  the  same  quantity,  the  ship  on 
the  circle  will  be  440  miles  to  the  southward  of  the  other,  when 
the  two  vessels  are  most  widely  separated;  that  is,  when  the 
vessel  on  the  circle  is  at  the  point  of  maximum  separation  latitude 
(No.  345).  Now  the  difference  of  distance  is  only  76  miles  in 
3740  (No.  337,  Ex.  1) ;  whereas  the  difference  of  440  miles  in 
latitude  may  place  the  vessels  in  different  winds. 

945.  A  course  taken  anywhere  between  the  great  circle  and 
the  rhumb-line  will  always  be  attended  with  at  least  some  saving 
of  distance. 
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Tims  sny  course  between  A  B  and  AT  (the  tangent  of  the  circle 
at  A,  and  shewing  its  direction  at  that  point)  gives  a  distance  less 
than  A  B.  Again,  since  the  circle  is  the  minimum  distance  between 
A  and  B,  on  the  surface  of  the  globe,  we  may  take  a  series  of  tracks 
between  A  and  B  on  the  other  or  polar  side  of  the  circle,  increasing 
in  length  as  they  lie  further  from  it,  till  we  come  to  the  dotted  Hue 
which  represents  a  curve  equal  in  length  to  the  rhumb.  Hence  a 
ship  sailing  anywhere  between  A  B  and  All  (the  tang,  which  shews 
the  direction  of  the  dotted  curve  at  A), — that  is,  through  a  space 
nearly  twice  as  great  as  that  between  the  rhumb  and  the  circle, — 
will  still  have  less  distance  to  describe  than  that  on  the  rhumb-line. 
On  this  principle  a  partially  foul  wind  may  often  be  turned  into  a 
fair  one. 

Thus,  in  the  voyage  alluded  to  above,  the  vessel  on  the  circle, 
instead  of  passing  440  miles  to  the  southward  of  the  track  on  the 
rhumb-line,  may  pass  at  nearly  this  distance  to  the  southward  of  the 
great  circle,  or  between  800  and  900  miles  to  the  southward  of  the 
rhumb-line ;  and  yet,  after  all,  she  may  make  good  a  distance  less 
than  that  on  the  rhumb-line,  while  the  great  difference  of  latitude 
may  enable  her  to  avail  herself,  for  part  of  the  voyage  at  least,  of 
winds  proper  to  regions  far  removed  from  those  crossed  by  the 
rhumb-line. 

946.  When  it  is  proposed  to  sail  on  a  great  circle  the  course  is 
shaped  with  reference  to  the  present  place  of  the  ship ;  and,  there- 
fore, when  she  is  found  to  have  got  off  the  original  line  laid  down, 
the  course  should,  strictly  speaking,  be  shaped  anew.  But,  in  prac- 
tice, this  will  rarely  be  necessary,  since  moderate  deviations  from  the 
course  will  not  sensibly  alter  the  bearing  of  a  distant  port,  that  is,  the 
same  course  will  serve  as  before. 

947.  In  great  circle  sailing  with  a  foul  wind  the  ship  will  be  put 
upon  that  tack  in  which  she  lays  nearest  the  circle.  The  rule  for 
windward  sailing,  which  directs  that  she  should  be  put  on  that  tack 
in  which  she  looks  best  up  for  her  port  (No.  299),  is,  therefore, 
strictly  applicable.  Indeed,  it  is  only  on  laying  down  the  great  circle, 
which  alone  shews  the  real  direction  of  the  port,  that  it  can  be  de- 
cided whether  the  wind  is  foul  or  not  for  a  distant  port. 

If  the  rhumb-line  differs  more  than  two  points  from  the  circle,  it 
is  evident  that,  by  shaping  the  course  on  the  rhumb-line  and  theu 
laying  the  ship  on  the  wrong  tack,  she  will  head  more  than  eight 
points  away  from  the  true  direction  of  the  port)  while  on  the  other 


350  NAVIGATING   THE  SIIIP. 

tack  she  would  lie  within  less  than  4  points  of  the  course.  Thus  a 
seaman  not  acquainted  with  the  principles  of  great-circle  sailing  may 
cause  his  ship  to  recede  from  her  port  instead  of  nearing  it. 

948.  If  the  wind,  when  contrary,  is  in  the  direction  of  the  great 
circle,  one  tack  is  as  good  as  the  other,  and  the  selection  must 
depend  on  the  current,  probable  change  of  wind,  or  other  circum- 
stances. The  ship  should  not,  however,  deviate  from  the  circle  so 
far  as  to  have  to  shape  a  new  course,  for  if  she  has  much  deviated 
from  that  line  which  was  the  shortest  possible,  she  must  have 
altered  her  position  for  the  worse. 

950.  In  navigating  the  ship  on  a  great  circle,  in  high  lats.,  the 
course  should  be  shaped  anew  at  each  60  or  80  miles  of  distance. 

The  place  of  the  ship  is  necessarily  brought  up  by  middle 
latitude  or  Mercator's  sailing. 

A  modification  of  great-circle  sailing  has  received  the  name  of 
Composite  Sailing.  It  presents  itself  whenever  the  great-circle 
track,  by  passing  too  close  to  the  Pole,  becomes  dangerous  or 
impracticable  on  account  of  the  ice  which  pervades  those  high 
latitudes.  When  this  occurs,  some  one  parallel  of  latitude  is 
fixed  upon  for  the  maximum ;  then  the  shortest  route,  under  these 
circumstances,  will  consist  of  a  portion  of  that  parallel  and  of 
parts  of  the  two  great  circles  which  touch  it  and  which  pass — one 
through  the  ship  and  the  other  through  the  destination.  This 
combination  of  great-circle  sailing  and  parallel  sailing  offers,  there- 
fore, no  difiiculty.    See  l>a  vis's  JSuur  Azimuth  Tables,  p.  136. 

Log,  Course,  and  Dead  Reckoning.     See  Nos.  956  to  969. 

951.  Dead  reckoning  has  not  always  met  with  the  attention  it  de- 
serves. Dead  reckoning  is  a  fine  art,  dependent  first  upon  a  well  deter- 
mined position  to  start  with  ;  secondly  a  knowledge  of  the  correct  Vari- 
ation and  Deviation,  or  total  error  of  the  compass  steered  by ;  and  thirdly 
on  good  steering  and  logging,  to  carry  it  on.  Remember  the  remark  of 
John  Davis,  the  navigator,  written  in  1607,  "  the  dredge  *  may  be  so 
disorderly  handled  as  that  thereby  the Pylote  may  be  abused"  Dead 
reckoning  is  also  dependent  on  a  correct  knowledge  of  probable  cur- 
rents and  tidal  streams,  on  the  winds  that  have  been  and  are  blowing. 

952.  Good  Dead  Beckoning  can  be  attained  by  practice.  See 
note  (Rennet)  on  p.  353,  359.  Let  the  position  by  dead  reckoning 
be  considered  a  serious  matter,  to  be  carefully  compared  with  the  po- 
sition obtained  by  observation.  If  there  is  a  difference  between  the 
positions,  let  that  difference  be  accounted  for,  and  if  it  exceeds  that 
probably  caused  by  weather,  or  by  known  tides  or  currents,  let  it  be 
considered  that  the  distance  has  been  wrongly  estimated,  or  the  errors 
applied  to  the  compass  courses  incorrect,  or  the  ship  badly  steered. 
(The  stredge  disorderly  handled.)  Let  more  care  be  taken  the  next 
day,  and  so  on  until  a  confidence  is  engendered  in  the  dead  reckon- 
ing that  may  be  useful  in  closing  the  land  in  thick  weather. 

*  "  Stredge  "  may  stand  for  stretch,  a  ttrm  for  a  ship's  course. 
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II.  Place  of  the  Ship. 
L  By  Dead  Reckoning.    See  Nos.  951,  952. 

[1.]  Keeping  the  Dead  Reckoning. 

054.  Latitude  D.  R.  The  latitude  by  D.  R.  is  deduced  by  ap- 
plyiug  the  difference  of  lat.  made  good  by  the  ship  to  the  lat.  by 
observation  of  the  preceding  noon. 

When  the  latitude  was  not  observed  at  noon,  but  at  some  other 
time  it  is  proper  to  note  the  lat.  D.  R.  as  "  brought  up;"  because 
the  lat  by  D.  R.,  when  employed  for  comparison  with  the  observa- 
tion, is  of  course  considered  as  referred  to  the  beginning  of  theday, 
unless  the  contrary  is  expressed. 

When,  however,  there  is  no  observation,  the  lat.  by  D.  R.  must 
be  referred  to  the  lat.  D.  R.  at  the  preceding  noon. 

955.  Longitude  D.  R.  The  longitude  by  D.  R.  is  deduced  by 
applying  the  difference  of  longitude  made  good  to  the  long.  D.  R.  of 
the  preceding  noon. 

The  long,  by  D.  R.  is  usually  carried  on  till  a  new  departure  is 
obtained,  because  the  observations  for  longitude  are  not  so  decisive 
as  those  for  latitude ;  for  the  chronometer  may  alter  its  rate,  and  the 
moon's  distance  from  a  star,  or  her  R.A.,  may  be  much  affected  by  a 
small  error  of  observation.  Hence,  when  the  longitude  by  a  single 
observation  differs  much  from  the  account,  it  is  not  always  consi- 
dered safe  to  adopt  it  until  it  has  been  confirmed  by  another  ob- 
servation.* When,  however,  such  confirmation  is  obtained,  or  two 
distances,  observed  at  the  same  time  on  opposite  sides  of  the  moon, 
give  results   not  differing  much  from  eacn  other,t  the  resulting 

*  In  vol.  i.  of  the  East  India  Directory,  Horsburgb  gives  an  example  of  the  danger 
of  trusting  to  a  single  chrooometer  for  a  length  of  time,  or  to  a  single  lunar,  in  the  ca>e 
of  the  Taunton  Castle,  which  got  lground  in  the  Strait*  of  Mozambique  in  1791.  A 
lunar  5  day*  before  had  agreed  with  the  chron.,  but  a  lunar  12  hours  before  differed 
from  it  1°.  It  was  naturally  considered  that  the  former  lunar  confirmed  the  chron.,  and 
that  the  later  observation  was  erroneous ;  the  contrary,  however,  turned  out  to  be  the 
ease. 

f  Horsburgh  states  that  he  has  found  the  mean  of  two  lunars,  observed  on  opposie 
sides  of  the  moon,  nearly  a  degree  in  error.  So  strange  a  result  would  seem,  however, 
to  throw  doubt  on  one  o^the  obsen  at  ions. 

The  Rev.  G.  Fisher,  in  the  Appendix  to  Captain  Parry's  second  voyage,  p.  282,  states 
that  the  mean  of  2500  lunars  observed  in  December  differed  14'  from  the  mean  of  2">00 
observed  in  March  following ;  and  that  the  mean  of  the  observations  mode  in  the  same 
summer  differed  W  from  these  last,  or  24'  from  the  first  Capt.  Kin?,  in  his  survey  of 
Australia,  notices  a  discrepancy  of  a  similar  kind,  to  the  amount  of  12 ,  at  the  Goulbura 
Islands 
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longitude  should  be  taken  as  a  departure  from  which  to  carry  on 
the  D.  R. 

Although  it  is  recommended  not  to  alter  the  long,  by  D.  R.  on 
alight  grounds,  yet  it  can  answer  no  useful  purpose  to  persevere  iu 
carrying  it  on  after  observations  have  proved  it  to  be  wrong. 

[2.]  Erron  of  On  Dead  Reckoning. 

956.  These  are  the  errors  of  the  course  :ind  distance,  with 
their  effects  upon  the  lat.  and  long,  by  account. 

An  error  of  half  a  point  in  the  course  is  equivalent  to  an  error 
of  -^  in  the  dist.  run,  very  nearly. 

957.  Error  of  the  Course.  The  ship,  besides  moving  in  a  path 
more  or  less  serpentine  from  the  action  of  the  waves,  and  from 
imperfect  steerage,  is  driven  bodily  by  the  wind,  and  often  by 
currents  and  tides;  hence  the  general  direction  of  the  ship's  head 
is  a  very  imperfect  index  of  her  course  by  compass.  Again,  the 
course  by  compass  is  affected  by  the  variation  and  by  the  devia- 
tion ;  the  latter,  as  already  remarked,  varies  in  different  ships,  and 
in  different  positions  of  the  same  ship. 

960.  Error  of  the  Distance.  The  rate  of  sailing  varies,  from 
time  to  time,  with  the  strength  and  direction  of  l!he  wind,  the 
quantity  of  sail  set,  the  trim  of  the  sails,  the  running  of  the  sea, 
and,  in  a  slight  degree,  on  the  skill  of  the  helmsman.  Hence, 
since  the  log  can  be  hove  at  intervals  only,  while  the  compass  is 
constantly  inspected,  the  distance  run,  unlike  the  course  steered, 
is  left  in  a  great  degree  to  estimation. 

While  a  vessel  is  steaming,  her  rate  is,  of  course,  less  liable 
to  change.* 

961.  The  allowance  to  be  made  for  the  heave  of  thesea  is  doubtful. 
As  regards  the  motion  of  the  waves  alone,  it  would  appear  that  no 
such  action  takes  place,  and  any  effect  of  the  kind  must  be  referred 
to  the  progressive  motion  which  the  water  at  the  surface  acquirer 
from  the  action  of  the  wind,  and  which  affects  both  the  vessel  and 
the  log.  The  existence  of  a  surface-current  accompanying  a  strong 
wind  is  established  by  the  falling  over  or  breaking  of  the  tops  of  the 
waves,  which  subsides  accordingly  with  the  wind,  and  disappears 
long  before  the  swell  goes  down. 

962.  In  steam- vessels  the  log  is  found  to  give  too  much  distance. 
This  is  accounted  for  thus : — The  water  at  ttv*  surface  being  con- 
tinually urged  astern  by  the  paddle-wheels,  preserves  its  motion  for 
some  time  after  the  vessel  is  past;  the  log,  therefore,  unless  thrown 
perfectly  clear  of  this  current,  is  carried  in  the  direction  opposite  to 
that  of  the  vessel.  On  this  account  it  is  proper  to  heave  the  log 
from  the  paddle-boxes. 

*  By  practice  seamen  learn  to  estimate  the  rate  of  sailing  within  half  a  knot,  and 
•he  number  of  revolutions  in  a  given  time  of  iht  engines  of  a  ship  under  steam  furnuh  a 
means  of  determining  lur  speed  very  closely. 
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WW.  In  consequence  of  the  fore  and  after  bodies  of  vessels  in 
general  being  dissimilar,  the  resistance  of  the  water  to  the  rolling 
and  pitching  produces  unequal  actions  on  the  bottom,  from  which 
results  a  slow  motion  of  the  vessel  herself  in  the  direction  of  her 
length.  The  nature  and  quantity  of  this  motion  is  determined  by 
the  form  of  the  bottom.  Most  vessels  forge  ahead,  but  some 
astern/ 

964.  Error  of  the  Latitude  D.  B.  This  is  composed  of  the  errors 
of  the  course  and  distance. 

If  the  lat.  by  D.  R.  does  not  agree  with  the  observation,  it  is 
customary,  when  the  course  since  the  observation  is  nearly  N.  or  S., 
to  attribute  the  error  to  the  distance ;  because,  in  this  case,  any 
small  variation  or  error  in  the  course  will  not  affect  the  D.  Lat. 
Again,  when  the  course  is  nearly  E.  or  W.,  buch  error  is  attributed 
to  the  course;  because,  in  this  case,  a  small  error  in  the  course  will 
affect  the  D.  Lat.,  while  a  small  error  in  the  Dist.  will  not. 

These  suppositions,  though  plausible,  are  not  always  true,  and 
therefore  are  not  to  be  implicitly  adopted. 

965.  An  error  in  the  latitude  is  the  same  number  of  nautical 
miles  in  all  parts  of  the  world. 

966.  Error  of  the  Longitude  D.  B.  This  error,  when  the  long. 
is  carried  on  by  parallel  or  by  mid.  lat.  sailing,  is  proportional  nearly 
to  the  error  of  the  Dep.  When  the  long,  is  carried  on  by  Mercator's 
sailing,  the  error  is  due  to  an  eironeous  course  and  distance,  and 
also,  in  most  cases,  to  using  latitudes  by  observation  inconsistent 
with  the  given  course. 

967.  An  error  of  a  given  number  of  minutes  of  longitude  ()  is 
the  same  number  of  sea-miles f  when  the  ship  is  near  the  equator; 
but  in  higher  latitudes  the  same  number  of  min.  of  long,  is  equal  to 
a  smaller  number  of  sea-miles.  Hence  precision  in  the  longitude  is 
of  less  consequence  to  the  safety  of  the  ship  in  high  than  in  low 
latitudes. 

For  the  same  reason  the  long,  by  D.  B.  will  in  general  be  kept 
more  correctly  in  low  than  in  high  latitudes. 

968.  As  regards  the  probable  amount  of  the  errors  of  the  ship's 
place  in  latitude  and  longitude,  it  may  be  supposed  that  the  error  of 
the  course  will  rarely  amount  to  a  point,  and  that  the  distance  will 
not  be  in  error  more  than  -fo  of  itself.  J  Such  estimations,  however, 
inust  depend  entirely  on  circumstances. 

The  error,  on  the  whole,  will  be  that  due  to  the  sum  or  tho 
difference  of  these  errors;  more  frequently,  however,  to  their  differ- 

*  Capt  W.  Ramsay  informs  me  that  the  Blmck  Joke,  a  very  fast  vessel  which  he  com- 
manded on  the  coast  of  Africa,  always  forged  astern  in  a  calm. 

f  Seamen  are  in  the  habit  of  calling  minutes  of  longitude  miles ;  bnt  a  mile  is  a  measure 
of  invariable  length,  while  a  min.  of  long,  is  different  in  different  latitudes  ;  the  practice, 
therefore,  should  not  be  followed. 

%  Rennell  ("  Investigation  of  the  Currents  of  the  Atlantic,"  p.  70 — London,  1832) 
qu«  tes  FlinderVa  opinion  that  the  reckoning  may  be  kept  within  5  miles  of  distance,  at*4 
half  a  point  in  the  course. 

A  A 
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ence,  since  experience  establishes  that,  when  several  observations 
are  taken  together,  their  errors  tend  to  compensate  each  other. 

969.  Under  the  head  "D.  R."  is  included  the  determination  of 
the  ship's  place  by  bearing  and  distance  of  the  land.  When  a  point 
of  land  bears  N.  or  S.,  the  cliff,  lat.  of  the  point  and  the  ship  is  the 
distance;  and  consequently  the  error  of  the  lat.  is  exactly  equal  to 
tbat  of  the  distance,  while  a  point  or  two  of  error  in  the  bearing 
produces  but  small  error  in  the  lat. 

On  the  other  hand,  if  the  place  bears  E.  or  W.,  the  ship's  lat.  is 
that  of  the  point  itself,  and  an  error  in  the  bearing  produces  in  the 
lat.  an  error  proportional  to  her  distance. 

This  applies  to  longitude  by  reading,  in  the  above,  long,  for  lat, 
«nd  interchanging  N.  and  S.  with  E.  and  W. 

[3.]   Variation  of  the  Time  at  Sea. 

970.  When  the  ship  sails  to  the  eastward,  she  meets  the  son, 
and  therefore  anticipates  the  hour  of  the  day  by  a  portion  of  time 
equal  to  the  diff.  long,  she  makes  good.  In  sailing  to  the  westward, 
the  contrary  takes  place.  Hence  in  sailing  eastward  the  apparent 
day  is  always  less  than  24  hours,  and  in  sailing  westward  greater 
than  24  hours,  by  the  diff.  long,  made  good,  in  time. 

Thus  a  ship,  in  sailing  round  the  world  to  the  eastward,  gains  a 
day  in  her  reckoning  of  time:  for  each  day  in  which  her  head  is  to 
the  eastward  is  less  than  the  common  day  of  24  hours  by  the  diff. 
long,  made  good ;  and  this  goes  on  till  the  diff.  long,  has  accu- 
mulated to  360°,  or  24  hours.  Hence,  on  completing  the  voyage 
(but  without  any  relation  to  the  time  of  performing  it),  the  ship,  by 
constantly  gaining  on  the  next  day,  is  found  to  have  completely 
anticipated  it;  so  that,  instead  of  finding  it  Wednesday,  for  instance, 
among  the  natives,  it  appears  by  her  journal  to  be  Thursday. 

In  sailing  round  the  world  westwards,  the  ship  in  like  manner 
loses  a  day.  In  these  cases  the  voyage  is  performed  in  days  of  a 
different  length  from  the  average  of  24  hours,  and  the  whole  period 
is  made  up  of  a  different  number  of  days.* 

971.  This  alteration  of  the  date  in  the  journals  of  ships  crossing 
the  Pacific  is  often  attended  with  considerable  embarrassment  to  the 
reader,  especially  if  he  does  not  bear  in  mind  the  direction  of  the 
ship's  route.  In  order  to  provide  against  this  ambiguity,  the  navi- 
gator should  insert  the  Greenwich  Date  at  full  length,  in  every  case 
in  which  a  reference  to  the  absolute  time  may  be  required. 

972.  The  variation  of  time,  or  the  irregularity  in  the  length  of 
the  day,  falls  on  the  hour  or  half-hour  preceding  noon,  the  last  glass 

•  Sir  James  Boss  remarks  that  in  crossing  the  meridian  of  180°  eastwards  they  made 
two  Thursdays,  and  two  Nov.  25ths,  by  which  means  their  reckoning  would  correspond 
to  tbat  of  Australia  and  England  on  their  arrival. 

A  short  role  to  estimate  day  and  hour  of  arrival  for  steamships  crossing  the 
Pacific  is :  Going  West :  Add  one  day  to  assumed  time  of  length  of  passage,  and  sab- 
trad  the  Diff  Long.  t»  time  between  the  two  ports.  Going  East :  8ubtract  one  day 
from  assumed  time  of  passage,  and  add  the  Diff.  Long,  in  time, 
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er  two  not  being  tamed.    When  there  is  no  observation  for  some 
days,  the  time  is  thus  liable  to  be  considerably  in  error. 

This  uncertainty  in  the  absolute  time  causes  no  difficulty  in 
bringing  up  observations  to  noon,  or  to  any  other  time,  nor  in  con- 
necting observations  made  a.m.  with  others  made  p.m.,  because  the 
courses  and  distances  marked  on  the  log-board  are  those  corre- 
sponding to  the  actual  intervals  elapsed. 

973.  It  is  evident,  since  the  time  at  ship  always  has  reference 
to  the  diff.  long,  made  good  subsequent  to  the  observation  for  time, 
that  the  account  of  the  time  is  more  correctly  kept  in  low  than  in 
liigb  latitudes.     (See  No.  967.) 

[2.]  Place  of  the  Ship  by  Observation* 

974.  Besides  the  latitude  and  longitude  of  the  ship  by  observa- 
tion, we  shall  consider,  under  the  above  head,  those  observations 
from  which  the  elements  necessary  in  the  calculation  of  her  place  at 
any  time  are  obtained :  as  observations  for  Time,  and  for  the  Varia- 
tion of  the  Compass. 

[1.]  Latitude  by  Observation. 

975.  In  variable  climates  it  is  often  advisable  to  take,  early  in 
the  forenoon,  an  altitude  of  the  sun,  to  be  followed  by  another  after 
the  proper  change  of  azimuth,  No.  749,  for  a  double  altitude,  in 
case  the  meridian  alt.  is  not  obtained. 

If  the  second  alt.  is  observed  within  the  limits  of  Table  47,  the 
operation  is  simpler,  and  the  result  more  satisfactory.  If  it  is  uear 
the  meridian,  and  the  time  is  not  very  much  in  error,  the  second 
alt.  alone  determines  the  latitude  by  the  reduction  to  the  meridian, 
p.  249. 

In  either  of  these  cases  the  first  alt.  affords  the  apparent  time, 
when  the  lat.  has  been  ascertained. 

976.  (1.)  The  lat.  will  of  course  be  obtained,  when  possible,  by 
the  meridian  altitude  of  the  sun.  The  short  double  altitude  a.m. 
has  the  advantage  of  providing  against  the  loss  of  this  observa- 
tion,* and  it  enables  the  navigator  to  determine  the  place  of  the 
ship  before  12  o'clock. 

The  altitude  of  the  moon  on  or  near  the  meridian  (Nos.  702, 
703)  may  often  be  obtained  during  bright  sunshine.  Also,  the 
moon's  alt.,  combined  with  that  of  the  sun,  affords  the  lat.  by 
double  alt.,  No.  759,  &c. 

The  planet  Venus  may  often  be  observed  during  the  day.f 

*  The  only  observation  disturbed  by  the  ship's  change  of  place  (No.  548)  is  the  mcr. 
alt.  Suppose,  lor  ex.,  the  ship  is  approaching  the  sun  12  knots,  she  raises  him  at  the  rate 
of  12"  in  1*.  Hence  he  continues  to  rise  till  he  is  so  far  pas;  the  merid.  as  to  have  begun, 
by  his  motion  in  altitude,  to  fall  at  this  rate.  In  high  lats.  where  the  motion  in  alt.  is  slow, 
the  interval  will  be  considerable  ;  in  lat  60  he  would  appear  to  dip  about  5  min.  p.m., 
and  in  the  same  case,  with  the  ship  receding  from  him,  he  would  dip  about  5  min.  a.m. 
Yo  compute  this  time,  see  No.  622. 

f  Uoriburgh  states  that  he  has  observed  the  meridian  alt.  of  Venus,  at  the  Cape  of 
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When  the  planet  is  not  bright  enough  to  be  distinctly  visible  to 
the  naked  eye,  it  may  generally  be  found,  when  near  the  meridian, 
thus : — Compute  the  merid.  alt.,  No.  663 ;  add  to  it  the  dip  and 
refraction;  set  this  angle  on  the  sextant,  put  in  the  inverting  tele- 
scope, screwing  it  close  down  to  the  plane  of  the  instrument:  then, 
directing  the  sight  to  the  N.  or  S.  point  of  the  horizon,  the  planet 
should  be  seen  in  the  silvered  part  of  the  glass.* 

977.  The  lat,  is  found  at  night  by  observations  of  stars  on  or 
near  the  meridian,  No.  687.  The  lat.  by  a  star  at  night  not  only  is 
useful  in  preventing  the  accumulation  of  error  in  the  D.  B.,  but  also 
serves  as  a  check  on  the  lat.  by  the  sun  (note  *,  p.  249). 

The  observation  of  stars  at  night  is,  however,  a  very  different 
observation  from  other  altitudes  by  day,  and,  to  ensure  success,  the 
observer  should  make  it  a  matter  of  special  practice. 

It  is,  however,  during  the  twilight  that  stars  and  planets  may 
be  most  advantageously  observed  at  sea,  as  the  horizon  at  that  time 
is  strongly  marked,  and,  when  not  sufficiently  so,  may  be  rendered 
distinctly  visible  by  the  inverting  telescope.  In  favourable  cases 
such  lat.  may  be  depended  upon  with  as  much  confidence  as  that  of 
the  sun.  In  north  latitudes  above  20°  or  80°,  the  pole-star  may 
always  be  observed  when  the  sky  is  clear. 

[«.]   Time  by  ObiervatuM. 

978.  The  Time  is  generally  found  by  a  single  altitude  (p.  278), 
early  in  the  forenoon,  when  the  error  of  the  ship's  lat.  produces  no 
sensible  error  of  time.  It  should  also  be  found  late  in  the  afternoon. 
In  certain  cases  it  may  be  found  by  equal  alts.,  No.  798,  the  result 
of  which  is  apparent  noon ;  and  also  approximately  by  the  short 
double  altitude  (p.  285),  and  at  sunrise  and  sunset  (p.  283;* 

The  time  may  likewise  be  deduced  from  one  of  the  altitudes  of  a 
common  double  altitude  (p.  276) ;  but  the  latitude  resulting  from 
this  observation  not  being  very  correct  in  general,  and  more  espe- 
cially when  the  reduction  of  the  alts,  to  the  same  place  of  observa- 
tion is  large,  the  time  deduced  would  not  always  be  satisfactory. 

979.  When  the  sun  and  moon  are  both  visible,  and  one  of  them 
is  near  the  meridian,  the  lat.  may  be  found,  and  also  the  time,  which 
(Nos.  696,  757)  thus  has  the  advantage  of  being  free  f  rom  the  errors 
of  the  reckoning.  In  like  manner  the  alt.  of  a  planet  might  be 
taken  with  that  of  the  sun  at  the  sam<  instant,  or  some  time  after- 
wards (No.  764). 

980.  When  the  time  is  found  at  night  by  alts,  of  stars  or  of  the 
moon  (Nos.  782,  784),  since  the  sea-horizon  is  often  unfavourable 
for  observation  at  that  time,  the  result  should  be  considered  as  of 

Good  Hope,  during  bright  sunshine.  Capt.  Basil  Hall,  to  whom  I  am  indebted  for  several 
valuable  suggestions,  acquainted  me  that,  on  a  voynge  to  Malta  in  H.M.S.  Indus,  in  August 
1841,  he  observed  the  mer.  alt.  of  Venus  every  day  for  a  fortnight.  Capt.  Wickham  also 
tells  me  that  he  has  found  the  lat.  by  Venus,  in  the  tropics,  at  Sk  in  the  af  ernoon. 

*  Capt  Hall  informed  mo  that  he  had  often  found  the  lat.  in  this  way,  both  by  Venuf 
tnd  Jupiter,  when  the  planets  were  altogether  invisible  to  the  naked  eye. 
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Inferior  value ;  or  stars  should  be  observed  on  both  sides  of  tha 
meridian,  in  order  to  diminish  the  effects  of  errors  from  this 
cause. 

The  remarks  on  the  observations  of  planets  or  stars  by  twilight 
for  lat.  (in  No.  977)  apply  to  observations  for  time.  Stars  may  often 
be  obtained  nearly  on  the  prime  vertical,  and  on  opposite  sides  of 
the  meridian  (No.  787);  and  the  alt.  for  time  should  always,  if  pos- 
sible, be  accompanied  with  another  for  lat.,  in  order  to  avoid  all 
reference  to  the  reckoning. 

981.  An  approximation  to  the  apparent  time  may  be  conve- 
niently obtained,  during  part  of  the  six  months  that  include  the 
summer,  by  setting  the  index  of  the  sextant  to  the  apparent  alt.  of 
the  sun's  lower  limb  deduced  from  the  true  alt.  of  the  centre,  at  the 
time  of  passing  the  prime  vertical,  Table  29 ;  the  hour-angle  at 
which  the  limb  attains  this  alt.  is  then  taken  out  from  the  adjacent 
column. 

982.  Since  the  change  of  alt.  of  any  celestial  body  is  greatest  at 
the  equator  and  nothing  at  the  pole,  the  time  deduced  by  means  of 
altitudes  is  more  correctly  determined  in  low  than  in  high  latitudes. 
(See  Nos.  778,  779.) 

988.  Advantage  should  be  taken  of  favourable  opportunities  of 
landing  at  well-determined  places  for  good  observations  of  time, 
because  the  diff.  long,  between  the  places  will  at  once  discover  any 
considerable  change  in  the  rate  of  the  chronometer,  and  afford  the 
means  of  correcting  it.  Comparatively  few  places  indeed  are  as  yet 
laid  down  with  sufficient  accuracy  for  the  general  practice  of  this 
simple  and  decisive  method  ;  but,  in  proportion  as  the  longitudes 
approach  to  precision,  the  differences  of  longitude  will  be  employed 
by  seamen  as  the  means  of  obtaining,  directly,  the  sea-rates  of  their 
chronometers,  instead  of  waiting  to  obtain  harbour-rates.* 

984.  Error  of  the  Time  at  Sea.  The  time  at  sea,  as  found  by  a 
single  altitude,  can  rarely  be  depended  upon  to  less  than  10*  (Nos. 
778,  779).  If,  therefore,  the  ship's  reckoning  were  correctly  kept, 
her  diff.  long,  applied  to  the  time,  as  found  by  observation  on  a 
former  occasion,  would  give  the  time  at  ship  within  about  10s  of  the 
truth.  But  as  the  D.  R.  is  always  more  or  less  in  error,  and  as  the 
error  may  be  considered  generally  to  increase  with  the  time  elapsed, 
the  error  of  the  time  at  ship  may  be  considered  as  10s  plus  the  error 
of  the  diff.  long,  accumulated  since  the  observation, 

[a]  Longitude  by  Observation, 

985.  The  longitude  by  chronometer  may  be  ascertained  when- 
ever the  time  is  obtained.  The  long,  by  chron.  is  thus  the  most 
efficient  check  on  the  long,  by  account  from  time  to  time;  but  after 
a  lapse  of  time  it  may  be  greatly  in  error,  as  the  rate  is  liable  to 
change.     See  No.  531. 

*  This  important  remark  is  due  to  Col.  Sabhe,  **  Account  of  Experiments,"  p.  401. 
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When  there  is  no  chronometer  on  board,  the  longitude  by  D.  R. 
can  be  corrected  only  on  making  the  land,  or  by  a  lunar  observation, 
or  sometimes  by  speaking  another  vessel. 

986.  When  a  satisfactory  longitude  is  obtained  by  independent 
means,  as  by  observation  of  the  moon,  it  should  be  adopted  as  a 
new  departure  taken  at  the  instant  of  observation,  instead  of  carry- 
ing it  back  to  the  preceding  noon  or  any  other  time ;  because  this 
lost  process,  which  is  atteuded  with  no  advantage,  impairs  the  value 
of  the  observation  by  mixing  with  it  the  errors  of  the  run. 

987.  Since  the  object  of  the  lunar  observation  is  to  find  the  mean 
time  at  Greenwich  at  the  instant  of  observation,  the  simplest  and 
most  direct  application  of  the  method  is  to  find  at  once  the  error  of 
the  chronometer  on  G.  M.  T. ;  because  this  process  is  not  embar- 
rassed by  consideration  either  of  the  time  at  place,  or  of  the  change 
of  long,  in  the  interval  between  the  lunar  observation  and  the  ob- 
servation for  time.  This  is  the  practice  of  the  most  experienced 
navigators. 

988.  When  there  is  no  chronometer  on  board,  the  longitude 
itself  must  be  found  for  the  instant  of  the  mean  of  the  observed  dis- 
tances. For  this  purpose  the  time  at  place  is  necessary.  If,  there- 
fore, either  of  the  altitudes  observed  for  the  lunar  is  favourable  for 
determining  the  hour-angle  corresponding,  the  time  may  be  ob- 
tained from  it,  and  being  compared  with  the  G.  M.  T.  found  by  the 
lunar,  the  long,  is  determined,  No.  827. 

If  neither  of  the  altitudes  is  fit  for  the  purpose,  the  time  must  be 
found  as  soon  as  possible  afterwards.  In  this  case,  add  the  interval 
elapsed  to  the  G.  M.  T.  deduced  by  the  lunar :  the  sum  is  the 
G.  M.  T.  of  the  observation  for  time.  This  time,  compared  with 
M.  T.  at  place,  gives  the  longitude. 

Ex.  At  3h  1 1"  26»  by  watch,  obtained  a  lunar,  which  gave  G.  M.  T.  2h  14"  32".  At 
3h  56"  i8B  by  watch,  obtained  an  observation  for  time.  Find  G.  M.  T.  at  this  second 
observation. 

T.  by  watch,  of  lunar  3*  u"^'    I         G.  M.  T.  of  lunar  2h  I4"32* 

■Ditto  of  obs.  for  time      3   56   18     I  44  52 

Interval  44  52     I         G.  M.  T.  at  2d  obs.         t  59  24 

989.  In  the  Arctic  regions,  in  summer,  the  presence  of  the  sun 
at  night  prevents  the  stars  from  being  seen ;  also  frequent  fogs 
obscure  the  moon.  Hence  the  lunar  observation  is  much  less  avail* 
able  there  than  in  other  climates,  and  the  chronometer  in  conse* 
quence  more  valuable.* 

990.  The  number  of  observations,  either  for  latitude  or  longitude, 
which  it  may  be  proper  to  take  for  determining  the  ship's  place, 
obviously  depends  on  the  distance  of  the  land  and  on  the  state  of 
the  weather.  For  example,  in  making  a  passage  with  a  trade-wind, 
a  much  less  degree  of  attention  will  be  necessary  than  in  unsettled 
weather,  when  the  D.  R.  cannot  be  kept  with  equal  correctness, 

*  "An  Account  of  the  Arctic  Regions,"  &c,  by  W.  Scoresby,  jun.  2  vols.  Edin» 
Vjrgh,  '820. 
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or  than  when  the  ship  is  in  the  neighbourhood  of  the  land  or  a 
dangen* 

It  is  always  advisable,  when  any  observation  is  taken,  to  obtain, 
either  at  the  same  time  or  as  soon  as  possible  afterwards,  another 
of  such  a  kind  that  the  same  error  may  produce  different  effects  on 
the  result ;  whereby  the  two  results  being  in  error  opposite  ways, 
their  mean  will  be  preferable  to  either  separately.  The  kind  of 
observation  proper  for  this  purpose,  in  any  case,  has  been  generally 
noticed  in  the  Degree  of  Dependance.     See  No.  999. 

When  the  observation  consists  of  one  or  more  alts.,  the  errors 
of  observation  may  often  be  removed  at  sea  by  observing  also  the 
supplement  of  the  alt.  It  is,  however,  proper  to  remark,  that  when 
the  supplement  is  observed  by  an  ordinary  sextant  or  circle,  it  is, 
in  consequence  of  its  greater  magnitude,  much  more  affected  by 
the  error  of  parallelism  (Table  54),  when  this  is  considerable,  than 
the  alt.  itself. 

[4.3  Observations  for  the  Variation. 

991.  The  total  error  of  the  standard  compass  should  be  con* 
stantly  observed  and  recorded,  not  only  for  the  purpose  of  secure 
navigation,  but  with  the  view  of  determining  the  variation,  and 
so  helping  to  maintain,  for  the  benefit  of  all  seamen,  a  correct 
chart  of  its  value. 

993.  The  amplitudes  of  bright  stars  and  planets  may  often  be 
well  observed,  especially  about  twilight,  when  the  horizon  is  strongly 
defined.  The  observation  is  most  convenient  at  setting,  because  a 
star  may  be  followed  to  the  place  of  its  final  disappearance  below 
the  horizon  ;  but  it  is  not  always  easy  to  identify  a  star  at  rising. 

With  care  the  error  of  the  course  due  to  the  compass  alone 
should  not  exceed  a  degree :  less  accuracy  is  hardly  compatible 
with  good  navigation  in  fast  steam-ships. 

[5.]  Combination  of  Result*. 

997.  As  all  observations  are  liable  to  errors,  and  as  given  errors 
of  observation  produce  different  effects  according  to  the  case,  the 
results  of  different  observations  do  not  generally  agree. 

In  some  cases  the  same  errors  of  observation  will  cause  all  the 
results  obtained  under  the  same  circumstances  to  be  in  error  the 
same  way,  instances  of  which  occur  in  Nos.  702,  868.  In  other 
cases,  the  effects  of  errors  will  tend  to  compensate. 

998.  In  general,  when  the  particular  errors  with  which  the 
observation  is  affected  are  not  known,  the  wean  of  the  several 
results  is  employed,  or  the  sum  of  the  results  divided  by  the 
number  of  observations. 

*  Rennell  remarks  that  the  facilities  afforded  in  these  days  for  finding  longitude  may 
tend  to  diminish  the  wcessary  attention  to  the  reckoning,  on  the  ground  that  the  next 
day's  observations  will  set  all  right.    P.  ?•• 
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Since  one  of  two  results  mav  be  nearly  or  exactly  true,  and  since 
it  will  rarely  happen  that  one  is  precisely  as  much  too  great  as  the 
other  is  too  small,  the  mean  of  two  results  will  generally  be  merely 
less  in  error  than  the  worst. 

999.  In  taking  the  result  of  observations  affected  by  the  same 
constant  error,  care  must  be  taken  not  to  mix  those  of  opposite  kinds, 
as  N.  and  S.,  or  E.  and  W.,  but  to  take  the  mean  of  the  two  differ- 
ent results.  For  Ex. :  Suppose  the  lat.  is  1°28/  by  each  of  two  stars 
N.  of  the  zenith,  and  the  instrument  has  a  constant  error  of  1', 
then  the  lat.  by  one  star  8.  will  be  1°26',  and  the  true  lat,  l°27,f 
is  the  mean  of  1°28/  and  1°26'.  But  the  mean  of  the  three  results, 
taken  promiscuously,  or  one-third  of  1°28',  i°28',  and  1°26',  is 
l°27/20//,  which  is  not  right. 

The  same  would  be  true,  however  great  the  number  of  observa- 
tions on  one  side,  or  however  small  on  the  other;  and  hence  it  is 
always  proper  to  make  this  separation,  which  is  also  a  means  of 
detecting  a  constant  error.  For  instance,  if  the  moon's  semidiaineter 
in  the  Naut.  Aim.  is  erroneous,  the  result  of  lunar  observations  of 
one  limb  will  differ  from  that  of  observations  of  the  other  limb  and 
the  mean  of  the  two  results,  not  of  the  whole  indiscriminately,  will 
afford  the  true  longitude. 

1000.  When  the  error  of  observation  is  given,  the  amount  of  the 
error  of  the  result  may  be  computed.  Examples  of  this  have 
already  been  given  in  most  of  the  rules  for  the  Degree  of  Dependance 
Again,  the  effect  of  a  constant  though  unknown  error  of  observa- 
tion may  sometimes  be  removed,  as  in  No,  861,  where  the  same  error 
in  each  distance  produces  more  or  less  error  in  long.,  exactly  in 
proportion  as  the  moon's  motion  in  respect  to  each  star  is  less  or 
greater. 

1001.  When  some  of  the  several  results  of  different  observations 
are  known  from  circumstances  to  be  better  than  others,  it  is  proper 
to  give  to  the  superior  results  a  greater  weight  or  influence  in  the 
general  determination.  This  is  effected  by  writing  them  down  oftener 
than  the  others,  and  dividing  the  sum  by  the  number  of  results  thus 
augmented.  For  example,  suppose  a  diff.  long,  by  a  chronometer  A 
is  lh  llm  18%  and  by  another,  B,  it  is  lh  llm23»;  and  suppose  the 
result  of  A  is  estimated  from  its  superior  performance,  or  other 
circumstances,  as  half  as  goo  I  jigain  as  that  of  B,  that  is,  of  superior 
value  in  the  ratio  of  3  to  2;  then,  writing  down  18s  three  times,  and 
23*  twice,  and  dividing  by  the  sum  of  3  and  2,  or  5,  gives  20s,  or  the 
estimated  result,  lh  1)"'  20*. 

The  preference  of  any  one  result  to  another  under  the  same  or 
different  circumstances,  or  the  degree  in  which  one  may  be  supposed 
superior  to  another,  must  be  left  to  that  judgment  or  tact  which  is 
the.  result  of  experience  and  constant  attention  to  a  particular  sub- 
ject, as  it  is  obviously  impossible  to  lay  down  rules  of  certain  ajypli- 
rutiori  for  such  questions. 

1002.  Though  it  usually  happens  that  the  mean  of  several  obser- 
vations is  near  the  truth,  yet,  as  this  is  not  certain,  we  must  not 
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nattily  assume  that  the  mean  of  even  a  very  considerable  number  it 
a  definite  determination.* 

It  is  proper  to  bear  in  mind  that  the  chronometers,  when  thcj 
•gn*e,  are  either  all  right  or  all  wrong ;  bet  that  when  tl  ey  disagree, 
some  of  them  must  be  wrong.f    See  No.  531. 

1003.  We  shall  here  remark,  also,  that  every  determination 
whatever  is  liable  to  the  suspicion  of  having  been  influenced  by  the 
premature  adoption  of  an  approximate  mean.  For  ex.:  an  observer 
collects  6  or  8  observations;  2  or  3  of  these  differ  widely  from  the 
rc»i,  and  they  are  rejected  forthwith.  Succeeding  observations  are 
compared  wit'L  the  mean,  and  admitted  or  rejected  accordingly. 
Now  these  outlying  observations  may  happen  to  be  as  good  as  the 
others,  if  not  better;  but  by  this  partial  suppression  of  evidence  the 
question  is  prejudged,  and  the  increasing  number  of  observations 
only  tends  to  fix  the  erroneous  determination  more  firmly. 

3.  Laying  off  the  Ship's  Place  on  the  Chart 

[  1.]  Position  in  Latitude  mnd  Longitude, 

1004.  As  the  account  of  the  ship's  place  is  closed  at  noon,  the 
ship  is  pricked  off  at  that  time;  also  at  8  p.m.,  when  the  course  it 
shaped  for  the  night. 

The  ship's  place  is  laid  down  by  observations,  when  these  can  be 
obtained ;  in  other  cases  it  depends  upon  the  D.  It.,  or  frequently 
upon  both. 

1005.  It  is  the  practice  of  some  seamen,  besides  taking  the  ship's 

[dace  by  obs.,  to  mark  also  her  place,  as  brought  up  by  D.  R.,  from 
icr  former  position  by  observation;  a  line  joining  these  two  points 
stands  thus  as  a  leg  apart  from  the  ship's  track.  When  the  ship 
stands  nearly  on  the  same  course,  and  carries  the  same  wind  for 
some  time,  this  method  has  the  advantage  of  exhibiting  any  constant 
effect  produced  by  a  current,  or  by  local  deviation,  or  arising  from 
not  making  a  proper  allowance  for  lee-way. 

1006.  bince  the  determination  of  latitude  is  absolute  and  inde- 
pendent (No.  680),  the  lat.  of  the  ship  should  be  marked  whenever  a 
satisfactory  observation  is  obtained. 

1007.  The  longitude,  when  determined  by  chron.,  should  be 
marked  on  the  chart  for  the  time  at  which  the  observation  is  taken, 
because  thus  it  is  unmixed  with  the  errors  of  the  run. 

It  may  be  prudent,  when  there  is  but  one  chronometer  on  board, 
and  when  observations  of  the  moon  are  not  practised,  to  assign  a 

*  Capt.Fitxroy's  chronometric  measures,  the  results  of  20  or  25  chronometers,  amounted, 
when  added  together,  to  24 b  0m  36  ,  or  36*  more  than  the  entire  circumference.  This  seemed 
to  be  considered,  at  the  time,  as  a  somewhat  curious  circumstance ;  hut  it  is  evident  that 
•ome  eioess  or  defect  was  to  be  looked  for,  since  nothing  but  accidental  compensation 
of  error*  could  produce,  out  of  a  number  of  discordant  elements,  the  precise  quantity 
2i'0"(K 

t  Adm  Becchey  acquainted  me  that  on  one  occasion  all  his  chronometers  agreed  within  Vt 
heing  nearly  30'  in  error,  Hnd  that  ihe  single  chronometer  of  the  Stalling,  the  tender,  wae 
nglit.  As  ihe  large  majority  wu*  considered  conclusive,  the  error  was  ncur  leading  to 
•uriout  contutueucsj*. 
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second  track  to  the  long,  by  D.  R.  alone,  in  intervals  of  making 
the  land. 

]  008.  As  a  tolerably  good  watch  alters  its  rate  but  little  from 
day  to  day,  the  ship's  track,  as  laid  down  by  chronometer,  repre- 
sents truly  the  relative  positions  of  the  ship  at  different  times,  and 
therefore  exhibits  nearly  the  true  figure  of  her  track  for  a  few  days 
together  ;  while  its  absolute  position  in  long,  may,  at  the  same  time, 
be  erroneous,  if  the  error  on  Gr.  M.  T.  is  not  well  known. 

On  the  other  hand,  since  the  longitude  by  lunar,  though  of 
undoubted  value,  is  not  susceptible  of  much  numerical  precision  ; 
the  difference  of  two  longitudes  by  lunar,  separated  by  an  interval 
of  time,  will  not,  in  general,  agree  with  the  diff.  long,  as  measured 
by  a  chronometer.  Hence  the  track  of  a  ship,  as  laid  down  by 
lunare,  would  exhibit  violent  irregularities  of  figure,  while  its  abso- 
lute position  in  longitude  would  not  be  very  far  from  the  mean  of  all 
the  lunar  determinations. 

Accordingly,  when  the  long,  by  chronometer  is  proved  by  lunar 
observations  to  be  much  in  error,  and  it  is  required  to  correct  the 
position  of  the  ship's  track,  it  will  be  proper  to  take  a  mean  position 
among  the  several  positions  by  lunar,  and  the  lat.  at  the  last  lunar. 
This  point  being  assumed  as  a  departure,  the  track  for  the  time 
previous  may  be  adjusted. 

Sumner's  Method* 

[2.]  Position  on  a  Line  of  Bearing. 

1009.  When  the  lat.  by  ace.  is  uncertain,  the  resulting  long,  by 
chron.  is  uncertain  in  a  corresponding  degree ;  but  this  long.,  far 
from  being  valueless,  is  capable  of  an  important  application,  espe- 
cially when  the  ship  is  near  the  land. 

Suppose  a  second  lat.  by  ace.  near  the  first,  as,  for  ex.,  10' 
greater,  a  second  long,  by  chron.  will  be  found  corresponding ;  in 
like  manner  we  may  suppose  a  third  lat.,  with  its  corresponding 
long.,  and  so  on.  Now  these  positions  are  those  points  in  different 
latitudes  at  which  the  same  alt  is  observed,  and  constitute  the  curve 
or  circle  of  equal  altitude,  since  the  observer,  moving  over  the  globe 
so  as  to  keep  the  sun  always  at  the  same  alt.,  would  move  on  a 
circle,  the  pole  of  which  is  that  point  where  the  sun  is  vertical. 

The  small  portion  of  this  curve  passing  through  two  positions 
near  together  would  appear,  on  the  chart,  a  straight  line ;  and  thus, 
if  this  line  (being  produced)  passes  through  a  point  of  land  or  other 
object,  the  bearing  of  such  object  is  known,  though  the  ship's  place 
on  the  line  of  its  direction  is  not  known. 

1010.  The  process  of  finding  the  line  of  equal  alt.  consists  thus  in 

*  "A  New  and  Accurate  Method  of  finding  a  Ship's  Position  at  Sea,"  by  Capt.  Tho*. 
H.  Sumner.    Boston,  1843. 

In  1843,  Commander  Snlliran,  R.N ,  not  having  heard  of  this  work,  fcrond  the  line  of 
equal  alt.  on  entering  the  River  Plate,  and  identifying  the  ship's  place  on  it,  in  12  fathoms, 
by  means  of  the  chart,  shaped  his  course  up  the  river.  The  idea  may  thus  hava  suggested 
it*olf  to  others ;  but  the  credit  of  having  reduced  it  to  a  method,  ard  made  it  public, 
belongs  to  Capt.  Sumner. 
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assuming  two  lats.by  ace,  finding  the  long,  by  chron.  corresponding 
to  each,  laying  off  these  two  positions  on  the  chart,  and  joining  them 
by  a  straight  line.  But  since  the  sun's  bearing  is  8  points  or  90° 
from  the  direction  of  the  line  of  equal  alt.,  this  line  may  be  expedi- 
tiously obtained  from  one  obs.  only,  by  drawing  a  line  through  the 
assumed  position  of  the  ship  at  right  angles  to  the  sun's  azimuth 
at  time  of  obs.,  as  found  by  Chap.  VII.  p.  240;  or  from  the  Azm. 
Tables  of  Burdwood  or  Davis.* 

From  a  second  obs.  of  the  same  or  different  bodies  taken  t»t  a 
suitable  difference  of  bearing,  another  line  of  equal  alt.  is  similarly 
obtained.  The  intersection  of  these  two  lines  gives  the  position 
of  the  ship  supposing  the  ship  not  to  have  changed  her  position 
in  the  interval, 

101  i.  When  the  ship  changes  her  place  the  true  course  and 
distance  made  good  must  be  laid  oft  from  the  first  assumed  posi- 
tion. Through  the  point  thus  found  a  line  must  be  drawn  parallel 
to  the  first  line  of  equal  alt.  Where  this  line  cuts  the  second  line 
of  equal  alt.  will  be  the  ship's  position  at  the  second  obs. 

The  difference  of  bearings  of  the  sun  or  bodies  used  at  the  two 
observations  should  not  be  less  than  25°,  or  the  lines  of  equal  alt. 
will  cut  too  acutely. 

Example,  ate  Diagram. 

In  the  Irish  Channel,  August  i8th,  1890,  at  gh  36w  a.m.,  in  tot.  by  aee.  510  35'  N. 
the  long,  by  obo.  was  50  51'  W.,  and  the  sun's  true  bearing  bring  N.  1300  K,  the  direction 
of  the  line  of  equal  alt.  A  B,  drawn  through  position  A,  was  N.  400  E. 

At  nh  8-  a.mm  in  lat.  by  aee.  510  31'  N.,  the  long,  by  obs.  was  50  30'  W.,  and  the 
sun's  true  bearing  being N.  1600  £.,  the  direction  of  the  line  of  equal  alt.  G  CD,  drawn 
through  position  C,  was  N.  700  E. 

The  run  of  the  ship  in  the  interval  (A  E)  was  S.  790  E.  true,  distance  10  m. 

Through  E  the  line  E  F  is  drawn  parallel  to  A  B  ;  this  line  cuts  the  line  CD  in  G. 
G  is  the  position  of  the  ship  at  the  second  obs.  in  lat.  510  29'  N.,  long.  50  39'  30"  W. 

1012.  As  the  ship  must  be  somewhere  on  the  line  of  equal  alt. 
drawn  upon  the  chart,  if  this  line  falls  upon  a  well-sounded  chart, 
her  position  may  be  approximately  known  from  the  depth  of  water 
obtained  at  the  time  of  obs.  Thus  on  the  line  A  B  a  depth  of  over 
50  fms.  would  shew  the  ship  to  be  at  a  safe  distance  from  the 
Smalls.  Similarly  on  the  line  C  D  a  depth  of  40  fms.  shews  her 
to  be  about  23  m.  from  Linney  Head.  The  line  of  equal  alt.  at 
the  first  obs.  should  therefore  be  drawn  as  soon  as  the  observations 
are  taken  and  worked. 

When  the  coast  trends  parallel  to  the  line  of  equal  alt.,  the 
distance  of  the  ship  from  the  shore  is  ascertained,  though  her 
absolute  position  is  uncertain. 

1013.  The  lat.  assumed  should  be  as  nearly  correct  as  can  be 
obtained  by  D.  JR. ;  this  is  important  when  the  alt.  is  high.  In  low 
Latitudes,  when  one  obs.  falls  within  the  limits  of  the  problem  for 
finding  the  lat.  by  Reduction  to  the  Meridian  (see  Table  47),  this 
method  should  be  used  in  preference  to  "  Sumner's." 

*  The  line  of  equal  alt.  may  be  found  by  the  change  in  hour  angle  and  consequent 
change  in  long,  due  to  a  change  of  one  mile  in  lat.  found  by  No.  615. 
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1014.  As  the  sun  rises  and  sets  to  half  the  globe,  the  circle  of 
equal  altitude  at  rising  and  setting  is  the  entire  circumference. 
On  the  other  hand,  when  he  is  in  the  zenith,  this  circle  is  reduced 
to  a  mere  point,  or,  for  opposite  points  of  the  sun's  disc,  covers  32 
sea-miles.  When  the  alt.  is  89°  50',  the  radius  of  this  circle  is  10', 
or  its  extent  is  20  miles;  when  the  alt.  is  50°,  the  radius  is  40°, 
or  the  extent  8()°.  Thus  when  the  sun  is  low  this  circle  is  large, 
the  small  portion  of  it  comprised  between  two  assumed  lats.  very 
nearly  a  straight  line,  and  the  sun's  azim.  the  same  from  both 
ends  ;  but  when  he  is  high  the  circle  is  small,  a  small  portion  of 
it  may  be  much  curved,  and  the  direction  of  the  two  extremities 
very  different;  that  is,  the  bearing  of  the  land,  and  the  sun's 
azimuth,  may  be  sensibly  different  from  different  parts  of  the  same 
portion.  An  error  in  the  assumed  lat.  has  therefore  most  effect 
when  the  alt.  is  high,  and  least  when  it  is  low,  which  last  is  con- 
sequently always  the  pieferable  case. 

As  tbe  change  from  or  towards  the  object  of  1  mile  in  the 
observer's  place  changes  its  alt.  1 ',  the  effect  of  an  error  of  alt. 
is  shewn  by  moving  the  line  parallel  to  itself  through  the  same 
amount. 

An  error  in  the  chronometer  places  the  line  of  equal  alt.  too 
far  E.  or  too  far  W.,  bodily,  but  does  not  alter  its  direction. 


IN.  Determining  the  Current. 

1015.  The  direction  and  rate  of  the  current  are  found  from  the 
change  of  place  of  the  ship,  or  from  experiment. 

In  No.  297  examples  are  given  of  finding  the  current  by  the 
comparison  of  the  place  of  the  ship  by  D.  R.  with  that  by  observa- 
tion, and  also  by  reference  to  the  land.  In  consequence,  however, 
of  the  unavoidable  errors  of  the  reckoning,  such  determinations 
must  be  far  from  conclusive;  and  there  is  no  doubt  that  currents 
arc  often  assumed  to  account  for  discrepancies  between  the  D.  R. 
and  observation.*  The  only  decisive  method  is,  evidently,  to  deter- 
mine astronomically  the  place  of  a  floating  body,  or  substance,  not 
exposed  to  the  action  of  the  wind,  at  intervals  of  time. 

1016.  As  currents  are  considered  to  prevail  for  a  very  small 
portion  of  the  depth  of  the  ocean,  it  has  been  recommended  to 
sink  a  weight  to  a  considerable  depth  to  serve  as  an  anchor  for 
a  boat,  from  which  the  current  at  the  surface  is  determined  by  the 
compass  and  the  log.  This  method,  however,  can  obviously  dis- 
cover only  the  difference  between  the  current  at  the  surface,  and 
that  at  the  depth  to  which  the  weight  is  lowered. 

*  From  good  or  carefully  kopt  D.R.  a  reliable  Current  in  24  hoars  may,  however,  be 
often  obtained. 
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IV.  Making  the  Land. 

1029.  When  conBdence  cannot  be  placed  in  the  correctness  of 
the  longitude,  it  is  proper,  if  circumstances  permit,  to  make  the 
latitude  of  the  port,  and  then  to  run  on  the  parallel  for  it. 

1030.  On  approaching  the  land  it  will  be  prudent  to  charge 
the  ship's  place  with  some  inaccuracy ;  and  the  best  reckoning- 
can  never  supersede  the  necessity  of  a  vigilant  look-out. 

1031.  When  the  land  is  made,  the  ship's  place  should  at  once 
be  laid  off  by  the  reckoning ;  for  the  reckoning  may  be  good,  and 
if  so,  the  ship's  position,  as  laid  down,  will  be  correct,  or  nearly  so. 

And,  again,  it  is  not  uncommon,  on  making  the  land,  especially 
in  defective  light,  or  on  a  new  bearing,  and  consequently  under  an 
unaccustomed  aspect,  to  mistake  one  point  for  another,  or  to  make 
a  considerable  error  in  estimating  the  distance.  Now  the  position 
laid  down  is  that  by  which  the  ship's  course  is  shaped  on  the  chart, 
and  if  it  depends  on  an  erroneous  bearing  or  distance,  it  may  lead 
her  too  near  the  shore  or  a  danger.  The  effect  of  moonlight  is 
generally  to  make  land  appear  more  distant  than  it  really  is. 

1032.  Navigation  among  coral  reefs  is  facilitated  by  the  clear- 
ness of  the  sea-water.  On  the  reefs  on  the  east  coast  of  Australia, 
a  depth  of  5  fathoms  was  seen  from  the  mast-head,  at  the  dis- 
tance of  half  a  mile;  in  7  fathoms  a  patchy  bottom  was  well 
made  out  from  the  boat's  gunwale;  but  in  10  fathoms  the 
bottom  was  scarcely  distinguishable  from  the  dark  blue  of  the 
open  sea. 

1033.  In  navigating  among  coral  reefs  it  is  recommended,  as 
essential  to  safety,  that  the  day  should  be  clear,  the  sun  behind  the 
ship,  the  water  low,  and,  when  the  shoals  are  not  clearly  distin- 
guished, that  the  ship  should  anchor  if  possible.  When  the  sun 
draws  ahead,  coral  patches  become  less  distinct ;  and  hence  caution 
is  necessary,  when  making  for  coral  reefs  with  the  sun  ahead  of 
the  ship. 

It  is  also  remarked  that  the  look-out,  when  placed  half-way  up 
the  rigging  on  these  occasions,  sees  better  than  from  the  mast-head, 
where  the  eye  is  dazzled  by  the  glare.* 

When  approaching  to  round  a  point  of  land  or  shoal,  and  for 
that  purpose  bringing  it  on  what  appears  a  safe  angle  on  the  bow, 
care  must  be  taken  that  the  danger  is  brought  aft — that  is,  that 
its  angle  on  the  bow  is  increased  as  the  ship  goes  on.     This  is 


*  When  looking  out  for  a  light  at  night,  the  fact  is  often  forgotten  that  from  aloft  the 
range  of  Tision  is  much  increased.  By  noting  a  star  immediately  over  the  light  a  very 
correct  bearing  may  be  afterwards  obtained  troni  the  standard  compass.  The  intrinsic 
power  of  a  light  should  always  be  considered  when  expecting  to  make  it  in  thick  weather. 
A  weak  light  is  easily  obscured  by  haze,  and  bo  dependence  can  be  placed  on  it* 
being  i 
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especially  necessary  with  a  tide  or  current  on  the  off-bow.  From 
want  of  due  caution  in  this  respect,  a  ship  having  only  low  speed 
may  get  into  a  position  with  reference  to  a  danger  from  which  it 
may  be  difficult  to  extricate  her.  The  custom  of  handling  ships 
from  forward  makes  this  caution  the  more  necessary. 

From  No.  369  it  will  be  seen  that  the  seaman  can  certainly 
know  when  a  vessel  is  outside  any  projecting  or  outlying  shoal  by 
an  angle  between  two  fixed  marks  on  the  adjacent  land.  Thus  if 
A  and  B  (fig.  ex.  1)  are  two  marks  on  the  land,  and  the  circle 
OBA  passes  through  those  marks  and  outside  any  off-lying  danger, 
then,  when  the  angle  subtended  by  the  two  marks  is  less  than 
the  angle  AOB  (in  this  case  46°)  the  ship  cannot  be  within  the 
circle  OBA.     The  angle  AOB  has  been  called  the  danger-angle. 

Such  angles  may  be  most  accurately  measured  with  a  sextant ; 
but  the  angle  between  any  two  bearings  taken  with  a  compass,  if 
the  ship's  head  is  kept  in  the  same  direction  while  they  are  taken, 
is  also  correct,  the  bearings  being  equally  affected  by  variation 
and  deviation.  But  if  such  bearings  are  plotted  as  cross- bearings, 
and  either  the  estimated  variation  or  deviation  is  erroneous,  the 
position  of  the  ship  so  obtained  would  also  be  erroneous. 

When  ships  were  navigated  chiefly  under  sail,  seamen  were 
much  less  disposed  to  approach  the  land  than  now.  The  certain 
command  of  course  and  speed  given  by  steam  has  led  to  closing 
the  land,  in  order  to  save  distance  or  for  other  purposes,  in  a  way 
which  would  formerly  have  been  considered  unsafe.  This  prac- 
tice has  not  been  unattended  with  loss,  from  the  fact  that  general 
charts  are  made  from  surveys  which  were  not  intended  for  such 
close  navigation.  Harbours  and  their  immediate  approaches  are 
generally  very  closely  sounded,  but  to  survey  every  sea-coast  in  such 
detail  would  occupy  very  much  more  time  than  is  generally  avail- 
able. The  mere  fact  that  vessels  have  frequently  passed  close  to 
the  land  in  certain  positions  without  accident,  is  far  from  being 
such  reliable  evidence  of  the  non-existence  of  danger  as  the  close 
sounding  of  an  accurate  survey.* 

1034.  The  supply  of  water  is  a  matter  of  so  great  consequence 
as  to  justify  a  slight  deviation  from  formal  strictness  of  design  in 
allusion  to  it.  Most  of  the  places  at  which  water  is  procured  are 
denoted  in  Table  10  by  the  letter  w,  but  there  are  some  general 
suggestions  on  the  subject  which  may  be  highly  important  on 
occasions,  and  which  it  is,  therefore,  worth  while  to  collect  here 
for  reference,  more  especially  as  the  various  works  through  which 
they  are  scattered  cannot  be  generally  accessible  to  seamen. 

(1.)  The  water  carried  by  rivers  into  the  sea  is  often  fouud  at  a 
considerable  distance  beyond  the  mouth.     For,  a  cubic  foot  of  fresh 

*  Farther,  though  ships  now  better  preserve  any  given  course,  and  the  distanoe  ran 
Is  estimated  more  accurately  than  formerly,  there  are  in  modern  iron  ships  elements  of 
uncertainty  about  dead  reckoning  which  still  make  it  perilous  to  close  the  land,  unless 
there  are  means  of  knowing  with  certainty  when  the  ship  it  in  dangerous  proximity 
thereto. 
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water  weighs  1000  o«.  avoirdupois,  while  a  foot  of  salt  water  weighs 
1028  oz. ;  the  fresh  water  is  thus  lighter  than  salt  in  the  ratio  of 
100  to  103,  or  by  1  part  in  34  parts ;  and  hence,  when  running  into 
salt  water,  diffuses  itself  over  the  surface,  where  it  remains  till  mixed 
by  the  agitating  effect  of  the  wind  or  other  causes.  Numerous  in- 
stances are  recorded  of  fresh  water  being  thus  found  at  considerable 
distances  from  the  shore.  Dampier,  whose  interesting  voyages  con- 
tain sagacious  remarks  on  almost  every  circumstance  that  deserves 
the  attention  of  seamen,  relates  that,  being  about  2  miles  outside  a 
small  river,  near  Achen,  in  Sumatra,  they  "found  the  water  of  s 
muddy  grey  colour,  and  on  tasting  it  found  it  fresh ;"  and  he  adds, 
that  In  such  cases  "  we  must  dip  but  a  little  way  down,  for  sometimes 
if  the  bucket  goes  but  a  foot  deep  it  takes  up  salt  water  with  the 
fresh."  A  similar  circumstance  happened  to  the  crew  of  the  Alceste'a 
barge,  when  conveying  Lord  Amherst  to  Batavia,  after  the  wreck 
of  the  ship,  on  his  return  from  his  embassy  to  China  in  1817.  Ships 
have  watered  two  miles  outside  one  of  the  mouths  of  the  Mississippi, 
the  end  of  the  suction-hose  being  carefully  kept  just  below  tne 
surface.  On  the  like  occasions  it  has  been  observed  that  the  water 
has  been  fresh  on  one  side  of  the  ship  and  salt  on  the  other,  the 
difference  (which  of  course  is  only  superficial)  being  due,  no  doubt, 
to  the  protection  afforded  by  the  ship  on  one  side  against  the  effect 
of  the  wind  to  mix  the  waters. 

(2.)  When  rain  falls  on  sand  contiguous  to  the  sea,  the  sand 
protects  it  from  agitation,  and  it  may  remain  a  considerable  time 
unmixed  with  the  salt  water.  Accordingly,  water  is  often  found, 
especially  after  a  shower,  by  digging  in  sand,  taking  care  to  remove 
it  slowly  ;  and  advantage  may  no  doubt  be  occasionally  taken  of  the 
vicinity  of  a  sandy  shore  or  island  to  recruit  water. 

The  troops  being  greatly  distressed  for  want  of  water  in  Egypt, 
Sir  Sidney  Smith  pointed  out,  that  wherever  date-trees  grow,  water 
was  to  be  found  ;  and  a  hole  having  been  dug  by  his  directions 
near  some  trees  of  this  kind,  and  a  cask  sunk  in  it,  a  supply  was 
obtained. 

Adm.  W.  H.  Smyth  (in  his  Memoir  descriptive  of  the  Resources 
fcc.  of  Sicily  and  its  Islands,  London,  1824,  p.  112)  states  that  on 
both  sides  of  the  Channel  (the  Faro  of  Messina),  pure,  though  rather 
hard,  fresh  water,  is  procured,  by  digging  a  hole  in  the  sand,  within 
two  or  three  feet  of  the  margin  of  the  sea;  this  supply  is  obtained 
by  the  filtering  of  the  fiumare  (torrents),  the  beds  of  which,  though 
apparently  dry,  are  never  utterly  so.  The  shores  here  aJuded  to 
are  wide  and  flat,  and  consist  of  sand  and  gravel. 

In  the  sailing  directions  for  the  North  Atlantic,  it  is  stated  that 
water  is  always  procurable  near  the  Is.  de  Los,  by  digging  near 
the  root  of  a  cocoa-nut  tree.  Adm.  Beechey  describes  water  as 
found  by  digging  in  the  coral  rock  and  recommends  selecting  the 
higher  spots,  distant  from  the  sea.  Lieut.  Ruxtou  (Naut.  Mag. 
1846,  p.  12)  states  that  water  is  procurable,  notwithstanding  dis- 
couraging appearances,  at  a  trifling  depth  in  the  sand,  on  the  S.W. 
coast  of  Africa,  to  the  northward  of  Walvisch  Bay.     Extensive 
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tracts  of  coast,  in  different  parts  of  the  world,  are,  however,  described 
08  absolutely  without  water. 

(3.)  Water  is  often  found  by  following  the  track  of  animals, 
which,  whether  wild  or  domesticated,  form  paths  to  watering  places. 
It  was  by  following  a  path  made  by  goats  at  Ascension,  that  Dam- 
pier  discovered  the  spring  which  bears  his  name.  Cant.  Fitz  Roy 
tiates  that  water  was  found  on  Charles  and  James  Islands  in  the 
Galapagos  by  following  the  track  of  the  terrapin. 

(4.)  Boats*  crews  or  survivors  of  a  shipwreck  may  find  it  useful 
to  know  that  rain-water  and  dew  collect  round  the  stems  of  plants 
which  shoot  leaves  upwards.  Dampier  (Voyages  to  the  Bay  of  Cam- 
peachy,  p.  56)  remarks  that  it  is  often  obtained  from  wild  pines. 
'  These  take  root  and  grow  upright  from  trees.  The  leaves  hold  a 
pint  and  a  half  or  a  quart.  We  stick  our  knives  into  the  leaves, 
just  above  the  root,  and  that  lets  out  the  water,  which  we  catch  in 
our  hats,  as  I  have  done  many  times  to  my  great  relief." 

The  cocoanut-tree,  the  fruit  of  which  is  found  plentifully,  but  not 
everywhere,  in  the  tropics,  and  chiefly  near  the  sea,*  and  whose 
singular  and  beautiful  form,  reaching  to  the  height  of  between  40 
and  1 10  feet,  renders  it  a  conspicuous  object  as  a  mark,  is  denoted 
in  Table  10,  on  account  of  its  value  to  seamen,  by  a  special  symbol. 
The  natives  near  Cape  Grenville,  Australia,  carry  witn  them,  when 
travelling  inland  where  they  are  not  likely  to  find  water,  the  juicy 
roots  of  a  shrub  (Naut.  Mag.  1847,  p.  178).  Captain  Stokes  remarks 
that  a  pint  of  water  has  been  collected  by  a  sponge  from  leaves  in 
the  morning,  even  on  the  S.  coast  of  Australia,  where  the  dews  are 
not  so  heavy  as  on  the  N.W.  coast  (Discoveries  in  Australia,  &c, 
in  H.M.8.  Beagle,  1837-43,"  vol.  ii.  p.  12). 

(5.)  Ice  islands  are  frequently  composed  of  pure  fresh-water  ice, 
which  is  found  in  pools  on  the  surface,  t  or  running  down  the  sides; 
and  watering  in  this  manner  is  a  general  practice  of  ships  in  icy 
seas.  It  is  often,  however,  difficult  to  land  on  ice;  and  in  such 
circumstances  Admiral  Bellingshausen  cannonaded  an  ice  island, 
and  sent  the  boats  for  the  fragments  splintered  off. 

A  peculiar  danger  is  incurred  by  landing,  for  the  purpose  of 
cutting  away  a  portion,  upon  ice  which,  from  the  advanced  period  of 
the  summer,  or  the  warmth  of  the  air  or  sea,  tends  towards  dis* 
solution.  A  blow  of  an  axe  may  split  the  whole  mass,  and  the  two 
portions,  in  turning  over  to  acquire  a  new  oosition  for  floating,  may 
engulph  the  boat  and  the  persons  employed.  (Scoresby,  Journal  of 
a  Voyage  to  the  Northern  Whale  Fishery  in  the  Baffin,  in  18*22, 
p.  300.)  A  mass  of  ice  is  likewise  often  liable  to  turn  over,  to  float 
an  a  new  position,  in  consequence  of  having  undergone  a  change  of 
form  by  thawing  irregularly. 

The  pools  of  water  on  the  ice  are  often  brackish  in  the  autumn, 


*  This  has  long  been  remarked.  Dampier  record*  that  the  finest  he  had  ever  seen  grew 
!»  Trieste,  a  small  island  off  Sumatra,  overflowed  at  spring-tides. 

t  In  about  $2°  S.  the  U.  S.  Expl  Exped.  found  on  an  iceberg  a  pond  of  excellent  water, 
in  acre  in  extent,  and  3  feet  deep,  covered  with  a  scum  of  ice  10  inches  thick. 
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when  the  ice  becomes  porous,  and  the  salt  water  is  drawn  up  by 
capillar}'  attraction  (Narrative  of  an  Attempt  to  Reach  the  North 
Pole  in  Boats,  bv  Capt.  W.  E.  Parry,  1827). 

Though  excellent  water  is  often  obtained  from  ice,  it  appears  by 
uo  means  certain  that  this  is  always  the  case.  Mr.  Rae,  who  left 
Fort  Churchill  in  July  1846,  to  explore  the  coast  from  "  Dease  and 
Simpson's  furthest,"  to  Fury  and  Hecla  Straits,  states  "  that  they 
had  much  difficulty  in  finding  water  that  was  drinkable"  (Naut. 
Mag.  1847,  p.  620).  Baron  Vrangel  (Le  Nord  de  la  8ib£rie, 
Voyage,  &c,  1822,  &c),  mentions  that  the  salt  left  by  evaporation 
on  the  surface  of  the  ice,  is  mixed  with  the  snow  that  falls  upon  it, 
and  eaten  as  salt  with  food,  though  bitter  and  aperient.  He  found 
the  green  transparent  ice  brackish,  the  blue,  fresh. # 

1.  Indications  of  Land. 

1035.  The  neighbourhood  of  land  is  often  indicated  by  the  pre- 
sence of  birds,  and  its  position  inferred  from  the  direction  in  which 
they  take  their  flight  at  sunset.  Birds,  however,  are  often  found 
attending  floating  masses  of  seaweed,  which  they  follow  for  the  sake 
of  fish,  and  which  is  found  at  all  distances  from  land. 

The  sudden  appearance  of  birds  flying  round  the  ships  at  night 
aroused  the  attention  of  the  officer  of  the  watch,  and  was  thus  the 
means  of  saving  D'Entrecasteaux's  squadron  from  great  danger 
near  New  Caledonia  (M.  D'Urville's  Voyage  in  the  Astrolabe,  1826; 
Paris,  1833,  vol.  iv.) 

Adm.  Beechey  remarks  that  birds  fly  near  reefs  and  islands  in 
the  Low  Archipelago,  and  calls  the  attention  of  seamen  to  this 
circumstance. 

1036.  It  has  generall v  been  supposed  that  the  appearance  of 
particular  birds  denotes  trie  laud  to  be  near.  Cook  remarks  (1st 
Voy.  vol.  i.  p.  63),  that  "  they  had  been  so  often  deceived  that  they 
ceased  to  look  upon  aquatic  birds  as  sure  signs  of  the  vicinity  of 
land."  He  observes  (1st  Voy.  vol.  ii.  p.  37),  that  shags  and  some 
other  birds  seldom  fly  out  of  sight  of  land,  and  adds  that  he  believes 
gannets,  boobies,  men-of-war  birds,  seldom  go  far  out  to  sea.  Sir 
E.  Belcher,  however,  met  constantly  with  the  gannet,  frigate-bird, 
tropic  bird,  and  booby,  at  considerable  distances  from  the  land,  in 
the  N.  Pacific  (Narrative  of  a  Voyage  round  the  World  in  H.M.S. 
Sulphur,  1840).  Cook  considered  divers  a  sign  of  land  (1st  Voy. 
vol.  i.  p.  47).  Admiral  Bellingshausen  makes  a  similar  remark  f 
(Voyage  of  the  Mirny  and  Vostok,  vol.  i.  p.  215). 

*  It  is  a  mistake  to  suppose  that  merely  filtering  the  water  removes  all  noxious  matters, 
as  the  process  merely  arrests,  mechanically,  solid  particles.  The  Chinese  purify  water  which 
has  become  offensive,  by  mixing  half  an  ounce  of  alum  to  one  ton,  and  leaving  it  for  soma 
time.  Sir  S.  Home  tried  this  with  complete  success  in  H.M.S.  North  Star  (Naut.  Mag. 
1846,  p.  625).  This  use  of  alum  has  long  been  known ;  powdered  charcoal,  and  stirring 
clay  in  the  water,  have  also  been  used. 

t  The  stormy  petrel  (Mother  Carey's  chicken  of  sailors)  if  rapposed  to  foretell  wind; 
Bellingshausen  remarks,  on  the  contrary,  that  this  bird  made  its  appearance  (at  least  neat 
4°  N.  and  20°  W)  before  continued  calms.    Vol  i.  p.  89. 

B  B 
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Adm.  Beechey  remarks  that  black  and  white  tern  fly  40  mile* 
from  uninhabited  islands,  but  desert  altogether  those  that  are  in- 
habited. 

10137.  Dr.  Scoresby  observes  that  in  the  Arctic  regions  birda 
desert  closing  spaces  in  the  ice,  and  repair  to  others  which  are 
opening. 

1038  As  a  current  of  water,  interrupted  by  the  rising  of  a  shoal 
or  coast  from  the  bottom  of  the  sea,  is  carried  upwards  by  the 
pleasure  from  behind,  and  as  the  water  below  is,  in  warm  and  tem- 
perate climates,  considerably  colder  than  that  on  the  surface,  a  fall 
in  the  temperature  of  the  surface-water  has  often  been  found  on 
approaching  a  shoal  or  the  land,  and  the  thermometer  has  accord- 
ingly been  confidently  recommended  as  a  guide  in  coming  into 
soundings.  But  it  is  evident  that  this  effect  must  depend  upon  the 
relative  coldness  of  the  water  above  and  below,  and  also  upon  the 
depth  and  other  circumstances  of  the  current,  and  it  has  been  found 
that  the  indication  is  neither  so  constant,  nor  so  marked,  as  to  be 
depended  upon.  Capt.  Foster,  and  more  recently  Capt.  Fitz  Roy 
found  no  such  change  on  the  Abrolhos.  Sir  £.  Belcher  (Voy.  in 
H.M.8.  Sulphur,  1840-1,  vol.  ii.  p.  292)  found  no  perceptible  change 
on  entering  soundings  off  the  Cape  of  Good  Hope,  or  in  the  N. 
Pacific. 

M.  Du  Petit  Thouars  (Voyage  autour  du  Monde  sur  la  Frigate 
La  V6nus,  1836-9,  vol.  iii.  p.  419)  paid  particular  attention  to  this 
indication,  and  remarks  tnat  the  observations  generally  shew  a 
lowering  of  the  thermometer  on  approaching  land,  but  they  disprove 
that  the  water  on  a  bank  is  always  colder.* 

1039.  The  temperature  of  the  sea  has  been  observed  to  change 
several  degrees,  in  intervals  of  time  varying  from  a  few  hours  to  a 
day  and  a  half  previous  to  a  change  of  wind,  the  water  becoming 
gradually  warmer  when  the  wind  was  about  to  blow  from  a  warm 
quarter,  and  colder  in  the  contrary  case.  In  squally  weather  the 
temperature  has  fluctuated.f 

1040.  The  temperature  of  both  the  sea  and  the  air  is,  however, 
so  much  influenced  by  the  vicinity  of  ice  in  considerable  mass,  that 
the  indications  of  the  thermometer  in  such  circumstances  are  highly 
important,  more  especially  as  fog,  arising  from  the  condensation  of 
aqueous  vapour  by  the  cold,  frequently  occurs  at  the  same  time. 

When  the  vessel  is  to  leeward  of  the  ice  the  air  is  greatly  cooled ; 
and,  on  the  other  hand,  when  the  ice  is  to  leeward  and  not  far  dis- 
tant, the  water  through  which  it  has  drifted  will  be  found  colder 
than  elsewhere. 

1041.  Amongst  the  signs  of  a  near  approach  to  land,  on  some 
occasions,  are  breakers.  The  depth  of  water  at  which  they  appear 
seems,  however,  very  uncertain ;   and  it  is  sometimes  difficult  to 

•  In  the  Gulf-itream,  and  on  the  banks  of  Newfoundland,  the  thermometer  is  said  to  be 
regular  in  its  changes.    (Purdy's  Sailing  Directions  for  the  N.  Atlantic.) 

t  Adm.  Beechey  records  having  made  observations  of  this  kind  in  the  North  Pacific,  off 
C.  Horn,  and  near  Spitsbergen.  (Beechey's  Vjyage  to  tLe  Pacific,  8vo.  vol.  i.  p.  325 1 
Appendii,  p.  390.) 
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distinguish  between  breakers  and  topping  seas.  The  lato  Com* 
inander  Mudge  observed  that  a  heavy  swell  often  breaks  in  9  or 
10  fathoms,  and  always  in  4  or  6 ;  he  adds  that  the  swell  is  often 
heavier  in  a  calm  than  in  blowing  weather.  The  sea  is  reported 
to  break  on  the  bar  of  the  River  Senegal  in  8  fathoms.* 

Mr.  Thomas,  master  of  II. M.S.  Investigator,  says  that  in  the 
gale  of  August  1833,  at  the  Shetlands,  the  sea  broke  overall  rocks 
having  less  than  8  fathoms  on  them  (Naut.  Mag.  1835,  p.  309). 

1042.  The  only  certain  indication,  in  the  absence  of  external 
signs,  is  the  depth  of  water,  when  soundings  can  be  obtained. 
Hence  sounding  is  an  indispensable  precaution;  and  neglecting  to 
sound  has,  in  courts  of  inquiry  and  courts-martial,  always  been 
deemed  inexcusable.     See  pp.  343,  344. 

2.  Illusory  Appearances. 

1043.  While  it  is  necessary  to  be  on  the  alert  for  the  discovery 
of  danger,  it  is  scarcely  less  so  to  be  prepared  against  false  alarms. 
For  ex. :  in  a  moonlight  night,  when  blowing  fresh,  it  is  easy  to 
fancy  breakers  and  shoals,  especially  when  on  the  look-out  for  them. 
Effects  of  light  and  shade  have  so  much  resembled  breakers  as  to 
raise  alarm;  and  sunbeams  in  the  horizon,  seen  through  rain,  have 
been  taken  for  rollers. — (Voyage  of  H.M.S.  Sulphur.) 

1044.  Clouds  and  fog-banks  often  resemble  land  so  much  as  to 
deceive  an  experienced  eye.  Sir  Jas.  C.  Boss  observes,  that  the 
vapour-line  near  the  margin  of  ice  in  the  polar  regions  is  always 
taken  for  land  by  novices. 

1045.  Many  reported  islands  or  shoals,  of  which  the  accounts 
given  have  been  apparently  circumstantial,  have,  doubtless,  been 
trees,  fish,  alive  or  dead,  or  ice  islands.  Phipps  (Voyage  to  the 
North  Pole  in  the  Racehorse  and  Carcase,  1778,  p.  57)  took  a 
small  piece  of  ice  covered  with  gravel  for  an  island.  Weddell  (A 
Voyage  towards  the  South  Pole,  1822)  records  that  it  was  only  on 
passing  300  yards  from  an  ice  island  that  they  ascertained  it  was  not 
solid  land,  but  ice  covered  with  black  earth.  He  also  mentions 
having  taken  the  swollen  carcase  of  a  dead  whale  for  a  rock, — a 
mistake  of  frequent  occurrence.  Sir  Jas.  Ross  met  with  an  iceberg 
which  had  turned  over  unperceived,  and  presented  a  new  surface 
covered  with  earth  and  stones,  so  like  an  island,  that  nothing  but 
landing  on  it  convinced  them  to  the  contrary  (vol.  i.  p.  195).  Lieut. 
Wilkes  records  that  a  supposed  rock  turned  out  on  examination  to 
be  a  large  tree  covered  with  weeds  and  surrounded  by  fish  (U.S. 
Expl.  Exped.). 

104b*.  Whales  have  probably,  as  Horsburgh  remarks,  been  taken 
For  rocks.  These  fish  float  at  the  surface  for  a  long  time  together, 
and,  being  covered  with  barnacles,  grass,  or  seaweed,  exhibit  an 

♦  The  *ea  is  stated  to  have  broken  in  40  fathoms  on  the  coast  of  Syria,  io  the  gale  of 
D.c.  1840  (Naut.  Mag.  1841,  p.  233). 
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appearance  so  like  that  of  a  rock  that  it  is  often  difficult  to  believe 
the  contrary.* 

1047.  The  sound  of  breakers  or  surf  has  often  been  found  to  be 
caused  by  a  shoal  of  fish.  Kerguelen  (Relation  d'tin  Voyage  dans 
la  Mer  du  Nord,  1767-8,  Paris,  1770,  p.  121)  saw  a  large  shoal  of 
small  red  fish  that  had  the  appearance  of  a  sandbank,  of  the  extent 
of  two  leagues,  on  which  the  sea  was  breaking,  and  the  illusion  was 
rendered  the  more  complete  by  the  great  numbers  of  birds  that 
accompanied  it.  Capt.  Fitz  Roy  observes,  that  a  shoal  of  fish  seen 
under  the  water  may  have  given  rise  to  a  report  of  a  bank,  which  it 
much  resembles.  Weddell  records  having  been  alarmed  in  a  fog  by 
a  cry  of  breakers,  for  which  a  noise  produced  by  fish  was  taken. 
Most  seamen's  experience  will  supply  similar  instances.f 

It  has  been  remarked  that  it  is  very  difficult  at  a  distance  to  dis- 
tinguish straggling  ice  and  breakers  from  each  other. 

1048.  A  sound  like  that  of  guns  is  produced  by  the  splitting  of 
targe  masses  of  ice.  Cook  records  an  instance  (1st  Voyage,  p.  47), 
ana  it  is  familiar  to  those  who  have  been  in  the  polar  regions. 

1049.  The  surface  of  the  sea,  in  some  parts  of  the  world,  is 
occasionally  found  streaked,  for  leagues  together,  by  a  matter  which 
produces  the  "discoloured"  aspect  of  shoal  water,  and  which  sailors 
suppose  to  be  the  spawn  of  fish.  Water  having  this  appearance  is 
not  approached  without  anxiety  by  those  who  are  unaccustomed  to 
it ;  ana  in  those  seas  especially  where  coral  reefs  rise  perpendicularly 
from  very  great  depths,  an  increase  of  vigilance  is  demanded  on  such 
occasions.}: 

1060.  In  these  days,  when  the  ocean  is  traversed  by  innumerable 
ships,  appearances  which  were  strange  or  alarming  to  the  first 
navigators  have  become  familiar ;  and  the  dangers  which  the  enter- 
prising men  who  first  ventured  upon  an  unknown  sea  were  naturally 
disposed  to  multiply  have  disappeared  from  our  charts.  But  iu 
earlier  times,  when  the  solitary  vessel  had  either  no  chart  at  all,  or 
one  put  together  from  imperfect  or  incongruous  materials,  the  feeble 
state  of  navigation  justified  the  excess  of  caution  in  reporting  as  a 
danger  every  suspicious  appearance. 

Accounts,  therefore,  of  new  land  or  danger*,  which  are  published 
from  time  to  time,  are  not  to  be  received  without  extreme  caution, 
unless  they  state  some  circumstance  which  is  decisive. 

*  Sir  F.  Beaufort  tell*  me,  that  in  approaching  the  River  Plate,  in  command  of  H.M.S. 
Woolwich,  a  whale  was  reported  as  a  rock,  and  believed  to  be  so  by  every  one  on  board, 
fiat  knowing  that  no  rock  existed  in  the  situation,  he  steered  direct  for  it,  and  when  about  30 
yards  distant  it  dived.  In  H.M.S.  Tyne,  in  the  South  Pacific,  we  bore  up  for  what  seemed 
to  be  the  wreck  of  a  ship  floating,  with  her  quarter  raised  out  of  the  sea,  but  which,  on 
approaching  it,  turned  out  to  be  a  whale. 

t  To  these  or  other  circumstances,  which  have  given  rise  to  reports  of  shoals,  may 
perhaps  be  added  the  shocks  which  have  been  experienced  by  ships  striking  against  whales 
or  other  Urge  fish. 

%  In  the  Alceste,  while  among  imperfectly  known  parts  of  the  Eastern  Seas,  we  frequently 
parsed  through  water  thus  tinged  with  some  colouring  matter.  Mr.  Darwin  (Voyages  of 
the  Adventure  and  Beagle,  vol.  in.)  considers  the  effect  to  be  produced  by  animalcate. 
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3.  Dangers. 

1051.  When  the  ship,  going  free,  is  fonnd  to  be  running  into 
danger,  the  proper  tack  to  haul  to  the  wind  upon  is,  generally 
speaking,  that  on  which  she  will  most  rapidly  increase  her  distance 
from  it,  because  thus  time  will  be  gained. 

1052.  In  high  latitudes  ice  islands  are  often  met  with  towards  the 
close  of  the  summer,  or  earlier.  The  presence  of  ice  at  night  is 
often  indicated  by  a  peculiar  effect  of  light,  and  in  fog  by  a  kind  of 
blackness  in  the  atmosphere  (Scoresby's  Arctic  Regions,  p.  255). 

On  falling  in  with  ice  the  ship  is  recommended  to  pass  to  wind- 
ward of  it.  It  is  observed  that  the  smaller  portions  drift  more 
quickly  than  larger  ones,  and  that  pieces  of  a  round  figure  drift 
nearly  before  the  wind,  while  angular  pieces  move  irregularly. 

Ice  islands  have  been  met  with  to  the  southward  of  the  parallel 
of  50°  N.,  in  the  Atlantic,  and  in  the  Southern  Ocean  in  36°  S. 
The  Captain  of  the  8.8.  Forfarshire  reports  that,  in  Jan.  1891 
icebergs  were  met  with  in  the  following  localities: — From  lat. 
51°  3Cr  S.  to  49°  507  8.,  and  long.  46°  0'  W.,  sixty-three  icebergs,  half 
a  mile  to  3  miles  long,  and  200  to  300  feet  high,  were  seen.  Also 
an  ice  island,  estimated  to  be  over  30  miles  in  length  and  300  to 
400  feet  high,  was  passed  at  the  distance  of  about  5  miles. 

From  reports  received  there  is  reason  to  believe  that  icebergs 
may  often  be  found  in  the  positions  given,  and  mariners  are  warned 
to  give  the  localities  a  wide  berth.  See  Admiralty  Ice  Chart, 
No.  1241 ;  also  Wind  and  Current  Charts. 

A  remarkable  diminution  in  the  strength  of  the  wind  is  ex- 
perienced when  to  leeward  of  ice,  even  of  very  small  extent.  This 
is  noticed  by  Sir  E.  Parry  and  by  other  navigators. 

1053.  There  is  also  another  source  of  danger,  which  appears  to 
have  increased  of  late  years,  and  one  less  easily  guarded  against,  in 
vessels  which  have  been  abandoned  by  their  crews,  in  some  cases 
unnecessarily,  and  which,  having  become  more  or  less  waterlogged, 
remain  drifting  about. 

1054.  To  these  may  be  added  rollers,  which  term  is  applied  to  a 
very  heavy  swell  rising  on  particular  coasts,  without  any  known 
cause,  generally  very  quickly,  and  subsiding  very  soon,  and  which  con- 
stitutes a  formidable  danger.  H.M.S.  Julia  was  wrecked  in  a  calm 
at  Tristan  d'Acunha  in  a  few  minutes.  More  recently  very  severe 
loss  was  experienced  at  St.  Helena.  Rollers  are  noticed  as  a  great 
danger  on  the  coast  of  Guiana,  where  they  break  in  5  or  6  fathoms 
(Commander  Darley  in  Naut.  Mag.  1844,  p.  649).  The  U.  S.  Expl. 
Expd.  anchored  off  St.  Francisco  Nov.  1,  1841,  the  Vincennes 
being  in  7  fathoms,  and  3  miles  off  shore.  About  10  p.m.  the  rollers 
got  up  and  broke  with  the  continued  roar  of  a  surf.  At  midnight  a 
sea  broke  heavily  on  board  the  Vincennes,  a  ship  of  780  tons,  dis- 
placed the  booms  and  boats,  and  killed  a  man.  The  other  ships,  in 
deeper  water,  felt  no  inconvenience.* 

*  Though  great  danger  is  incurred  from  breakers  in  shoal  water,  yet  there  are  coasts  on 
which  the  gradual  shelving  of  the  bottom  dissipates  the  swell  by  degrees  without  causing  a 
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4.  Determination  of  Position  01  Danger. 

1055.  Out  of  Sight  of  Land. — When  a  rock,  a  shoal,  or  an 
island,  is  unexpectedly  met  with  at  sea,  its  bearing  and  estimate*! 
distance  are  to  be  noted,  with  the  time  by  chronometer.  As  tl»e 
true  position  can  be  determined  by  astronomical  observation  alone, 
the  following  directions  are  inserted  for  reference,  the  calculations 
being;  deferred  to  a  convenient  time. 

(1.)  When  the  sun  is  visible.  Observe  his  altitude,  noting  the 
time  by  chronometer  (see  the  note,  No.  726).  This  gives  the  lat., 
Nos.  681,  696,  or  718,  or  the  time,  No.  776,  or  791,  and  thence  the 
long,  by  chronometer. 

(2.)  When  the  sun  and  moon  are  visible.  Observe  both  alts. 
y\t\\  all  possible  care,  and  the  lunar  distance;  the  lat.  is  hence 
found,  Nos.  681  or  692,  696  or  703,  or  759,  &c,  and  thence  the 
time,  and  the  long,  by  chron.  or  by  lunar. 

(3.)  When  the  moon  is  visible.  See  Nos.  692,  703.  In  favour- 
able cases  the  alt  gives  the  long.,  No.  864. 

(4.)  When  the  moon  and  stars  are  visible.  Obtain  the  lunar 
distance,  and  both  alts,  with  care.     See,  also,  Nos.  864  and  866. 

(5.)  When  the  stars  alone  are  visible.  Observe  altitudes  near 
the  meridian,  and  on  opposite  sides  of  the  lenith,  for  lat. ;  and  near 
the  grime  vertical  for  time  and  long,  by  chron. 

Of  the  dangers  to  which  navigation  is  exposed  none  is  more 
formidable  than  a  reef  or  a  shoal  in  the  open  sea ;  not  only  from  the 
almost  certain  fate  of  the  ship  and  her  crew  that  have  the  misfortune 
iu  strike  upon  it,  but  also  from  the  anxiety  with  which  the  naviga- 
tion of  all  vessels,  within  even  a  long  distance,  must  be  conducted, 
on  account  of  the  uncertainty  to  which  their  own  reckonings  are 
ever  open.  No  commander  of  a  vessel,  therefore,  who  might  meet 
unexpectedly  with  any  such  danger,  could  be  excused,  except  by 
urgent  circumstances,  from  taking  the  necessary  steps  both  for 
ascertaining  its  true  position,  and  for  giving  a  description  as  com- 
plete as  a  prudent  regard  to  his  own  safety  allowed* 

1 056.  In  Sight  of  Land.  The  position  of  a  rock  or  a  shoal  may 
be  determined  by  cross-bearings  (No.  366)  when  the  variation  and 
deviation  are  known.  It  may  be  determined  more  accurately  by 
taking  the  bearings  of  three  objects,  and  using  the  angle  between 
the  bearings  (No.  368).  The  sextant  may  be  used,  in  preference 
to  the  compass,  for  convenience  and  accuracy;  the  face  should 
be  held  horizontal,  and  the  angles  measured  between  points 
vertically  under  the  objects,  or  determined  by  plumb-lines  con- 
ceived to  pass  through  the  objects.     No.  368. 

[1.]  Report  of  New  Discovery,  or  Correction  of  Position. 

1057.  In  transmitting  an  account  of  a  new  discovery,  or  the 
correction  of  a  position,  the  first  consideration  is  the  lat.  or  long.,  or 

dangerous  break.  On  the  coast  of  Barbary,  in  H.M.S.  Adventure,  under  the  command 
of  dipt,  W.  H.  Smyth,  we  frequently,  when  the  wind  was  dead  on  shore,  ran  to  leeward 
cut  of  the  oca,  till  we  found  a  convenient  depth  of  water  for  anchoring. 
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the  situation  with  respect  to  some  other  place.  Attention  should 
therefore  be  directed  to  the  instructions  at  No.  835.  It  will,  indeed, 
be  evident  on  a  moment's  reflection,  that  the  long,  described  merely, 
as  is  too  often  the  case,  as  "  long,  by  chron."  without  reference  to 
some  fixed  point,  is  utterly  valueless.  Again,  when  such  fixed  point 
is  mentioned,  it  is  no  less  necessary  to  note  the  long,  adopted:  for 
ex. :  "Long,  by  chron.  from  Callao,"  is  little  better  than  no  allusion 
to  place  at  all,  as  Callao  appears  in  the  tables  in  different  <ongs. 
from  77°  10-5'  to  77°  15-7'. 

When  the  determination  depends  on  a  lunar,  notice  should  be 
taken,  1.  of  the  skill  of  the  observer ;  2.  of  the  instrument ;  and 
especially  whether  distances  on  opposite  sides  of  the  moon  are 
observed ;  also,  3.  of  the  probable  error  of  the  time. 

1058.  After  the  position  the  point  next  in  importance  is  the 
extent,  and  general  direction,  if  this  can  be  assigned.  Then  follows 
height  or  depth,  with  notice  of  the  appearance ;  and  then  anchorage, 
landing,  supplies,  and  natives.  The  seaman  will  find  these  matters 
of  detail  passed  in  review,  in  the  same  constant  order,  in  the  sym- 
bolised descriptions  in  Table  10 ;  and  he  may  render  much  service 
by  taking  the  opportunity  of  recording  these  particulars  on  passing 
any  of  the  numerous  places  of  which  we  have  no  very  exact 
accounts.* 

It  will  often  be  important  to  notice  both  the  extent  and  appear- 
ance of  islands,  which  have  not  been  visited  for  a  long  time.  Kru- 
senstern,  in  alluding  to  the  growth  of  many  islands  by  submarine 
formations,  which  are  continually  extending  themselves,  as  esta- 
blished by  Fleurieu,  Flinders,  and  Beechey,  remarks  that  Capt. 
Carteret  discovered  a  small  fiat  island  so  nearly  at  the  level  of  the 
sea,  as  scarcely  to  deserve  the  name  of  an  island,  which  he  called 
Omahurgh.  It  was  on  this  island  that  the  Matilda  was  wrecked  in 
1792,  as  is  proved  by  the  agreement  of  her  observations  with  those 
of  Adm.  Beechey,  who  found  here  the  wreck  of  a  ship.  Thus  the 
"  small  island  "  had,  in  1827,  an  extent  of  14  miles  (M£m.  Hydr. 
1835,  p.  94). 

Again,  in  warm  climates,  reefs  at  the  level  of  the  sea  are  covered 
by  degrees  with  a  low  vegetation,  which,  in  due  time,  is  succeeded 
by  trees.  Many  places,  therefore,  now  known  merely  as  reefs,  or 
not  noticed  at  all,  will  probably  become  hereafter  conspicuous 
islands. 

1059.  Whenever  a  position  is  noted,  the  bearings  of  headlands 
and  islands  should  be  observed  as  accurately  as  possible.  The 
neglect  of  this  is  seriously  felt  in  the  arrangement  of  positions.! 

Seamen  may  also  supply  very  important  elements  for  correcting 

*  If,  in  sending  home  such  accounts,  the  writer  uses  symbols,  he  most  be  very  careful 
to  draw  them  in  their  perfect  form,  lest  one  may  be  taken  for  another.  The  great  saving 
of  time  and  space  which  they  effect  claims  the  necessary  attention  in  writing  them 
legibly. 

f  In  the  third  and  later  editions  of  this  work  a  discrepancy  was  admitted  in  the 
positions  of  Tanna,  Anna  torn,  and  Erronan.  from  the  want  of  bearings,  though  the  places 
are  in  sight  of  each  other.    Capt,  Denham,  of  II.  M.S.  Torch,  removed  the  difficulty. 
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the  charts  by  observing  with  care  the  bearing  of  two  points  of  land 
when  seen  in  a  line,  or  on  with  each  otlier,  or  of  a  summit  seen  over 
a  point     Such  bearings  are  called  transit  bearings. 

1060.  Views  should  accompany  all  hydrographic  notices,  when 
there  is  any  one  on  board  who  can  draw.  On  these  should  be 
marked  one  or  more  bearings  (selecting,  first,  that  of  the  nearest 
point),  and  the  angles  measured  by  a  Bextant  between  remarkable 
points  or  other  objects;  also  the  angular  elevations  of  summits,  as 
these  last  serve  for  the  determination  of  heights. 

It  is  also  important,  where  the  range  is  considerable,  to  note  the 
time  of  tide,  because  the  rise  or  fall  of  several  feet  in  the  water  may 
cause  a  material  change  in  the  appearance  of  the  shore,  and  has 
also  the  effect  of  altering  the  apparent  dimensions  of  an  island  with 
shelving  shores.  Again,  when  the  spectator  is  on  shore,  the  place 
of  the  visible  horizon  varies  with  the  height  of  the  tide,  being?  nearer 
to  him  and  higher,  when  the  water  is  higher  (or  when  he  is  less  ele- 
vated above  it),  and  further  off  and  lower,  as  the  water  falls  (or  as  he 
increases  his  relative  height).  The  consequence  of  this  is,  that  an 
island  beyond  the  visible  horizon  appears  to  the  spectator  on  shore 
to  be  of  different  lengths  at  different  times  of  the  tide. 

A  small  pamphlet  entitled  "  Notes  bearing  on  the  Navigation 
of  H.M.  Ships,"  lately  issued  by  the  Admiralty,  will  be  found  to 
oontaia  much  practical  end  useful  information* 
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In  this  division  of  the  work  the  use  and  application,  and,  in 
some  degree,  the  construction,  of  the  Tables,  are  described. 

Boles  are  given  for  computing  the  terms  in  the  Tables.  These 
rales  will  be  found  useful  for  the  purpose  of  verification ;  for  the 
computation  of  an  intermediate  term  instead  of  the  ordinary  inter- 
polation ;  and  also  when  the  computer  may  require,  for  a  particular 
object,  to  employ  a  table  on  a  more  extensive  scale  than  would  be 
convenient  for  the  general  purposes  of  the  collection* 


NAVIGATION  • 

THE  SAILINGS. 
These  tables  are  used  chiefly  in  the  methods,  Chapter  III. 

Tabli  1. 

This  is  called  the  Traverse  Table  from  its  use  in  Traverse  Sailing. 

1.  Direct  Application. 

Table  1  contains  the  Diff.  Lat.  and  Dep.  for  the  Course  at  every 
degree,  and  for  each  mile  of  distance  to  600  miles,  with  the  time  corre- 
sponding to  each  degree. 

When  the  Course  is  given  in  points,  it  should  be  turned  into  degrees 
(No.  216).  If  it  is  less  than  4  points  or  45°,  the  table  is  to  be  entered  at 
the  top ;  bnt  from  the  bottom  when  it  exceeds  4»  points  or  45°. 


Ex.  1.  Count  **  pte,  Dist.  74  miles; 
find  the  D.  Lar.  and  Dep. 

In  Table  1,  at  a8°-2j  points,  and 
against  74  in  the  Dist  column,  are  D. 
I**.  65  3,  and  Dep.  347. 


Ex.  2.  Course  68°,  Dist  241  miles  j  find 
the  D.  Lat.  and  Dep. 

In  Table  I,  oyer  68°  at  the  bottom,  and 
against  241,  are  D.  Lat.  90*3,  and  Dep. 
2235. 


*  The  general  division  of  the  subject  into  Navigation  and  Nautical  Astronomy  naturally 
suggests  the  like  division  among  the  Tables.  Bat,  besides  this,  the  computer  cannot,  in 
general,  make  proper  use  of  the  Astronomical  Tables  unless  acquainted  beforehand  with  his 
position  on  the  globe.  The  Tables,  therefore,  relating  to  this  last  point,  that  is,  those  which 
are  concerned  in  finding  the  position  of  the  ship  with  reference  to  the  place  left,  neces- 
sarily precede  the  others.  The  Table  of  Positions,  which  is  usually  found  at  the  end  of  a 
collection  of  tables,  is,  according  to  this  disposition,  placed  among  those  relating  to 
Departures,  since  in  actual  navigation  it  is  referred  to  only  with  reference  to  the  place  of 
the  ship. 

The  author  is  indebted  to  many  individuals  whose  opinions  are  entitled  to  every 
consideration  for  suggestions  relative  to  the  arrangement  or  order.  It  will,  however,  be 
obvious  that  no  arrangement  can  be  devised  which  shall  be  equally  convenient  for  all 
persons  at  all  times ;  and,  perhaps,  no  plan  is  open  to  fewer  objections  of  weight  than 
one  in  which  regard  is  paid  both  to  the  classification  of  subjects  and  to  the  successive 
stages  of  the  computations. 


[BB] 
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In  like  manner,  in  taking  out  the  Course  corresponding  to  a  given 
D.  Lat.  and  Dep.,  when  the  D.  Lat.  is  greater  than  the  Dep.,  take  the 
Course  from  the  top ;  when  less,  from  the  bottom. 

(1.)  To  take  out  the  D.  Lat  or  Dep.  to  a  fraction  of  a  degree. 

Ex.  To  find  the  Dep.  to  u°J  and  Dirt.  100. 

The  Dep.  to  n°  is  19*1,  that  to  ia°  is  20*8  ;  J  of  the  difference  17,  or  '4,  added  to 
19*  1  gives  19-5,  the  Dbp.  required. 

In  finding  the  D.  Lat.  this  prop,  part  is  snbtractive. 

(2.)  To  find  the  D.  Lat.  or  Dep.  for  a  fractional  Diet.,  as,  for  example, 
for  59*3  ;  find  it  for  59,  and  then  for  3  (dividing  the  last  by  10). 

(3.)  When  the  given  Dist.  exceeds  600  miles,  divide  it  by  10,  and  muk 
tiply  the  D.  Lat.  and  Dep.  found  by  10.  So,  likewise,  when  the  given  D, 
Lat.  or  Dep.  exceeds  the  limits  of  the  Table,  divide  it  by  10,  and  multiply 
the  resulting  Dist.  by  10. 


Ex.  1.  Course  31°  Dist  1872  miles. 
The  Course  31°,  and  Dist.  187,  give  D. 
Lat  160*3,  &1>d  D*P-  9*5*3  >  hence  the  re- 
quired D.  Lat  and  Dep.  are  1603  and  963 
nearly. 


Ex.  2.  D.  Lat  660,  and  Dep.  165,  to 
find  the  Course  and  Dist  D.  Lat  66,  and 
Dep.  1 6*5,  give  Course  140,  and  Dist  68  ; 
the  required  Dist  is,  therefore,  680 
nearly. 


This  is  near  enough  in  general.  For  greater  accuracy,  in  Example  If 
take  out  the  D.  Lat.  or  Dep.  for  600,  and  for  the  excess  above  600. 

2.  Trigonometrical  Quantities. 

If  the  angle  A  C  B,  fig.,  No.  162,  be  considered  the  Course,  and  A  C  the 
Distance,  then  A  B  becomes  the  Dep.  and  C  B  the  D.  Lat. 

Hence,  by  No.  162,  the  Dep.  corresponding  to  the  Dist.  100  is  the  sine 
for  the  radius  100. 

The  D.  Lat.  to  the  Dist.  100  is  the  cosine  for  the  radius  100. 

In  like  manner,  the  Dep.  to  the  D.  Lat.  100  is  the  tangent  for  the 
radius  100. 

The  Dist.  to  the  D.  Lat.  100  is  the  secant  to  the  radius  100. 

Thus  also  the  D.  Lat.  to  the  Dep.  100  is  the  cotangent;  and  the  Dist, 
to  the  Dep.  100  is  the  cosecant  to  the  same  radius  100. 

The  trigonometrical  quantities  (which  are  calculated  for  radius  1)  are 
deduced  from  the  numbers  thus  found  in  the  Traverse  Table  by  marking  off 
two  decimals. 

Ex.  1.  Find  the  Sine  of  270.  At  the  arc  27°,  the  Dist  100  gifes  the  Dep.  45*4.  The 
Sins  is,  therefrve,  '454,  the  log.  of  which  is  9*657  (Nos.  58  (2)  and  59,  p.  19).  This  is  the 
log.  given  in  Taoie  68. 

Ex.  2.  Find  the  Cosine  of  560.  At  56°,  the  D.  Lat.  to  the  Dist  100  is  55-9,  the  Cosini 
is  *559,  the  log.  of  which  is  9*747. 

Ex.  3.  Find  the  Tangent  of  3 8°.  At  38°,  the  D.  Lat.  100  corresponds  to  Dep.  78*2,  the 
Tangent  is  '781,  the  log.  of  which  is  9*893. 

Ex.4.  Find  the  Secant  of  420.  At  42°,  the D. Lat  100  corresponds  to  the  Dist.  114*6, 
the  Secant  is  1*346,  the  log.  of  which  is  0*129,  or  m  Table  68,  10*129  (No.  166,  Note). 

Ex.  5.  Find  the  Cotangent  of  540.  At  540,  the  Dep.  100  corresponds  to  D.  Lat.  72*7 
the  Cotawg.  is  '727,  the  log.  of  which  is  9*861. 

Ex.  6.  Find  the  Cosec.  of  1S0.  At  18°,  the  Dep.  100  corresponds  to  Dist  323-4,  tbf 
Cosbo.  is  3*234,  the  log.  of  which  is  0*510. 

[1.]  SohUumqf  Right. AnghdTrimnflm. 

These  tables  are  useful  in  solving  approximately  cases  of  right-angled 
triangles,  as  also  in  roughly  verifying  the  result*  of  questions  of  the  kins 
when  obtained  by  logarithms. 
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Ex.  p.  4*.     Angle  A  500,  CA  28  feet,  find  AB  and  BC. 

At  50°  the  Dist.  28  gives  the  D.  Lat.  18,  which  is  AB,  and  the  Dep.  21-4,  or  CB. 
Ex.  p.  49, Case  II.    Angle  A  300,  BC  171  ;  find  AB  and  AC. 
Course  30*  and  Dep.  85-5  give  Dist  171,  or  BC  342,  and  D.Lat  148-1,0?  AC 296-2. 
Ex.  p.  49,  Case  III.    AB  2203,  AC  101*9  s  find  the  Angle  B  and  BC. 
Dist.  220  and  Dep.  1033  an  the  nearest,  and  give  280  for  the  Angle  B,  and  the  D.  Lat 
BC  194. 

8.  Proportional  Quantities. 


Mr.  A.  C.  Johnson,  R.N.,  in  his  valuable  pamphlet  on  "  Finding 
Latitude  and  Longitude  in  Cloudy  Weather/'  •  has  shown  how  Table  t 
may  be  used  to  correct  the  Longitude  for  error  in  Latitude. 

With  the  complement  of  the  object's  bearing  at  sights  as  a  course,  and 
error  in  Latitude  as  a  Diff.  Lat.,  take  out  Dep.  This  converted  into 
Diff.  Long,  will  be  the  correction  required. 

West:  When  the  true  latitude  is  South 
of  the  approximate,  and  azimuth  of  object 
between  S.  and  E.,  or  between  N.  and  W. 
Or  when  the  true  latitude  is  North  of 


East:  When  the  true  latitude  is  South 
of  the  approximate,  and  asimuth  of  object 
between  N.  and  E.,  or  between  8.  and  W. 

Or  when  the  true  latitude  is  North  of 
the  approximate,  and  asimuth  of  object 
between  S.  and  E.,  or  between  N.  and  W. 


the  approximate,  and  asimuth  of  object 
between  N.  and  E.,  or  between  S.  and  W. 


Ex.  In  Lat.  450  S.,  sun  bearing  8.  550  W.,  shin  by  observation  was  in  long.  3°45 
W.,  but  the  error  in  lat.  was  found  to  be  18  m.  South.  # 

Complement  of  Aximuth  35°-  Then  Coup,,e  15°  »*d  &»*•  I**,  i*  gw  Dep.  12  -6. 
Dep.  i2'-6  and  Lat.  45°  give  Diff.  Long.  18'.  True  lat.  South  of  approximate,  and 
azimuth  between  S.  and  correction  is  E.  ©      '  w       * 

Long,  from  Observation 3   45  'y. 

Correction - *?•         l8  ~, 

True  Long...        ...        • 3   *7  w» 

*  Published  by  J.  D.  Potter,  Agent  for  Admiralty  Charts,  145  Minories. 
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(1.)  To  turn  statute  miles  into  nautical  or  geographical  miles. 

1  statute  mile  =  0-8684  geogr.    I  geogr.  mile  - 1*1515  statute  miles. 
At  6i°,  the  Dist  and  Dep.  correspond  to  statute  and  geogr.  miles. 

(2.)  To  turn  feet  per  second  into  nautical  miles  per  hour. 

At  36°,  the  Dist  and  Dep.  correspond  to  feet  and  milen  thus  the  rate  of  19  feet  pet 
second  is  II  miles  an  hour,  nearly. 

The  measures  and  soundings  on  foreign  charts  are  reduced,  in  like 
manner,  to  our  own  scales. 
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(1.)  To  turn  Danish  Favne  into  English  Fathoms. 
i  fa?.— 1*0191  fath.     1  fkth.ieo'9716  fa*. 
At  76°,  the  Diet  and  Dcp.  correspond  to  fathoms  and /«*••*;  that,  100  fame  are  iotj 
fath.  warty. 

(2.)  To  turn  Danish  Feet  into  English  Feet. 

1  Dan.  foot  (/brf)- 1*0170  Eng.  feet     1  En*;,  foot— 0-9737  Dan  ft 
At  77°,  the  Dist.  and  Dcp.  correspond  to  English  and  Danish  feet  1  thus,  100  Danish 
feet  are  205  Engliah  feet  nearly. 

(3.)  To  turn  Dutch  (Amsterdam)  Feet  into  English  Feet. 

1  Amst.  foot— 0*9287  Eng.  ft.     x  Eng.  foot— 1*077  Amst.  ft. 
At  68°,  the  Diat  and  Dcp.  correspond  to  Dutch  and  BngHsh  feet.    Thus,  300  Dutch 
tot  are  178*2  Engliah  feet  nearly. 

(4.)  To  turn  Dutch  Palms  into  English  Feet. 

1  palm -0*3283  ft.     x  foot— 3*046  palms. 
At  190,  Diat.  and  Dcp.  correspond  to  palms  tn&feet.    Thus,  100  palms  are  32*6,  or 
aaore  nearly,  31*8  feet 

(5.)  To  turn  French  Brasses  into  English  Fathoms. 
1  brasse-o*888  fath.     x  fath.  «•  1*126  braste. 
At  6*°,  the  Dist.  and  Dep.  correspond  to  brasses  and  fathoms.    Add  1  hi  180.    Tans 
aoo  brasses  are  176*6,  or  more  nearly  177*6  fathoms. 

(6.)  To  turn  French  Metres  into  English  Yards.* 

1  metre  a  1*0936  yard.     1  yard— 0*9144  metre 
At  66°,  the  Dist  and  Dep.  correspond  to  yards  and  metres.    Thus,  300  yards  are  174*1 
jaetres  nearly. 

(7.)  To  turn  French  Feet  (Pieds)  into  English  Feet 

i  pied— 1*0658  ft     1  foot -0*9383  pied. 
At  700,  the  Diat.  and  Dep.  correspond  to  pieds  and  feet.    Thus,  200  pieds  are  211  feet 
•early. 

(8.)  To  turn  French  Toises  into  English  Fathoms. 
1  toise  a  1*0658  fath.     1  fath. -0*9383  toiae. 
At  700,  the  Diat.  and  Dep.  correspond  to  toises  *nd  fathoms.    Thus,  aoo  toises  are  at} 
fathoms  nearly. 

(9.)  For  the  Prussian  Foot  {Fuss),  see  Danish. 

(10.)  To  turn  Russian  Arsheens  into  English  Feet. 

1  arsh.  —  2*3343  ft«     x  foot— 0*4284  arsh. 
At  2  50,  the  Dist.  and  Dep.  correspond  to  feet  and  arsheens.    Deduct  1  in  60.    Thus 
86  arsheens  are  203  feet,  or  more  nearly  200  feet. 

(11.)  To  turn  Russian  Sashes  (Sazhens)  into  English  Fathoms. 

1  saih.c  1*1671  fath.     1  fath.  =  0-8568  sazh. 
At  590,  the  Dist  and  Dep.  correspond  to  fathoms  and  sashes.    Thus,  300  fathoms  are 
257- j  sazhens.   Thus,  the  arsh.  - 18  in. ;  the  saihen  -  7  f.,  and  the  went  (ia)  -  500  sazhens. 

*  The  following  French  measures  occur  frequently : — 


1  Myriametre  — 10,000  m<  tres. 

1  Kilometre  *■    1000 

x  Hectometre  —      100 

I  Deeametre  —        10 


Metre  —  39*37©79  Bog.  fa 

Decimetre  ■■  1-  10th  met.  •—  3*937079 

Centimetre— 1- 100th  met.  —  0*393708 

Millimetre  **  i-ioootb  met.  —  0*019171 
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To  turn  Russian  Versts  into  Nautical  Miles. 
i  ?erst— o*5759  mile,     i  mik— 1*7364  Tent. 
Aft  35°,  the  Dift.  and  Dep.  correspond  to  vent*  and  unlet.    Add  x  in  160.    Urns,  300 
-*-  are  17**1,  or  more  nearly  (adding  *6)  171*7  miles. 

(13.)  To  turn  Spanish  Brazos  into  English  Fathoms. 

1  braxa— 0*915  fath.     1  fath.**  1*092  bras. 
At  66°,  the  Dist.  and  Dep.  correBpond  to  braxat  and  ftthoms.    Thus,  200  brara  are 
183  fathoms  nearly. 

(14.)  To  turn  Spanish  Vara*  into  Yards 

1  rare— 0*914*  yard.     1  yard  — 1*0964  Tar. 
At  66°,  the  Dist.  and  Dep.  correspond  to  wot  and  yard*.    Than,  300  vans  are  174-3 


(15.)  To  turn  Swedish  Feet  into  English  Feet. 

1  Swed.  foot  (/od) a 0*9739  Eng.  foot.     1  Eng.  foot-- 1*0268  8wed.  foot 
At  770,  the  Dist.  and  Dep.  correspond  to  Swedish  and  BngUtkftet.    Thus,  300  Swedish 
feet  are  292*3  English  feet 

To  compute  a  Term.  For  the  D.  Lat.  To  the  log.  of  the  Dist  add  the 
log  cos.  of  the  Course ;  the  sum  is  the  log.  of  the  D.  Lat 

For  the  Dep.  To  the  log.  of  the  Dist.  add  the  log.  sine  of  the  Course ; 
the  sum  is  the  log.  of  the  Dep. 


Table  3.  Departure  and  Corresponding  Difference  of  Longitude 

This  Table  shews  the  number  of  minutes  of  Longitude  in  any  number  of 
nautical  miles  from  1  to  10,  measured  £.  and  W.,  in  lata,  under  70°. 

Ex.  1.  Lat  490,  Dep.  27m. ;  find  the  D.  Ex.  2.  Lat  310  30',  Dep.  8*710. ;  find  tha 

Long.  D.  Long. 

49°,     20(2x10) 30*a8  3i°i,       8       9*38 

7   10*67  0*7  .  o*8a 

D.  Lono.             41*15  D.  Long.               10*20 

In  general,  interpolation  for  any  fraction  of  a  degree  may  be  effected 
nearly  enough  at  sight,  as  in  Ex.  2;  but  when 
accuracy  is  required,  find  the  D.  Long,  for     ***  2»  aboTC* 

the  two  whole  degrees,  including  the  fractional  3J°»  *   •  9*33  9*33 

lat.,  take  the  diff.  of  the  two  results,  and  with  3*' 

it  enter  the  col.  headed  D  to  1°,  take  out  the 

parts  and  add  them.  ^  314,0*7  +'82 

The  Table  may  often  be  useful  in  parallel        '  j>#  il0fiQu   "J^JJ 

and  mid.  lat.  sailing ;  though,  to  be  properly 

adapted  to  this  purpose,  it  should  be  greatly  extended.     Its  chief  utility  lies 
in  the  reduction  or  comparison  of  longitudes  in  plans  not  graduated. 

To  compute  a  term.     To  the  log.  of  the  Dep.  add  the  log.  sec   of  the 
Lat. ;  the  sum  (rejecting  10)  is  the  log.  of  the  D.  Long. 

Table  4    Difference  of  Longitude  and  Corresponding  Departure 

This  Table  shews  the  number  of  nautical  miles  in  any  number  of  minutes 
of  longitude  from  1  to  10,  in  lata  under  70° 


943 

D.  to  i°  o*  iot  lor  30',  4*05 
9*38 


382  EXPLANATION  OF  THE  TABLE*. 


Bx.  1.   I  At.  64°,  D.  Long.  272';  find  the 
Ddp. 

64%         100   8l*o 

70   •••  30*7 

% 0*9 

I>«F.  119*6 


Ex.  2.    Lat  22°|,  D.  Long.  4'*6;  tsrf 
tfaeDep 

"°.4  3*7*    3  71 

a3t  £68 

D.  to  i°  0*03,  tor  30'...  —  'os 
"369 

22}  o-6 "^Jii 

Dbp.      4*25 

ine  remarks  on  Table  3  apply  to  Table  4,  except  that  the  parts  for  the 
fraction  of  a  degree  are  to  be  subtracted. 

To  compute  a  term.  To  the  log.  of  the  D.  Long,  add  the  log  00s  of  tb<t 
Lat. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Dep 

Tabls  5.  Spherical  Traverse  Table 

This  Table  is  named  from  its  being  used  with  the  common  or  plane 
Traverse  Table,  in  cases  which  involve  Spherical  Trigonometry. 

The  Table  is  entered  with  the  lesser  of  two  given  arcs  or  angles  at  the 
top,  and  the  other  at  the  side  ;  thus,  to  take  out  M  and  N  for  64°  and  15°, 
enter  with  15°  at  the  top  and  64°  at  the  side,  then  M  is  found  286  2,  and 
N  54  9  • 

Interpolation  for  a  fraction  of  a  degree  is  easy,  because  M  and  N  always 
increase.  In  general,  it  is  enough  to  take  M  or  N  at  sight,  as  directed 
No.  19 ;  thus,  for  ex.,  to  find  M  for  59°  47'  and  66°  18',  that  is,  for  59|  and 
66£,  we  may  take  496. 

For  greater  precision,  take  the  differences  between  each  two  terms  con* 
cerned,  and  proceed  to  proportion  separately  for  each. 

The  Table  solves  by  inspection,  approximately  only,  but  very  expediti- 
ously, several  problems.  This  method,  besides  being  near  enough  for  many 
practical  purposes,  will  often  be  useful  as  a  check  against  mistakes  in  longer 
methods. 

(1.)  To  find  the  Hour-angle  from  the  alt  No.  613. 

With  the  lat.  and  decl.  find  M  and  N.  With  the  alt  as  Course,  and  M 
as  Dist.  find  the  Dep. 

When  the  lat.  and  decL  are  of  contrary  names,  take  the  sum  of  the  Dep. 
and  N.  The  course  answering  to  this  sum  as  D.  Lat.  and  Dist.  100  is  the 
Hour-angle  required. 

When  the  lat  and  decl.  are  of  the  same  name,  take  the  diff.  of  the  Dep. 
and  N.  When  the  Dep.  exceeds  N,  the  course  answering  to  this  Diff.  as  D. 
Lat  and  Dist  100  is  the  Hour-angle ;  but  when  the  Dep.  is  less  than  N,  the 
supplement  of  the  said  course  is  the  Hour-angle. 

Ex.  2.     Ut  51°  10  S.,  decl.  io^/  N. 


Ex.  1.    Lat  150  32'  N.f  decl.  8°  35*  S., 
ah.  1 50  i,6'i  required  the  Hour-angle. 

Iand8°4,    M  104*9,    N    4*1 
(alt.)  and  105,        Dep.  28*0 
(sum)    32*1 

HOCR-ANGLB,  4k  44*. 


i5°4i 


alt  110  51't  required  the  Hour-angle. 
i9°i  and  510,    M  168-6.    N  447 
j  i°|  and  169,  Dep.  34-4 

(turn)  70/1 
Hour-angle,  2*  31". 


*  It  will  be  perceived,  on  in»pecting  the  examples,  that  after  M  and  N  are  taken  out  to 
the  given  arcs,  the  arithmetical  process  is  very  similar  in  all  the  problems ;  very  little  prac- 
tice will,  therefore,  render  the  several  uses  of  the  Table  familiar.  As  the  process  of  compu- 
tation consists  in  the  addition  or  subtraction  of  two  numbers  only,  thus  taken  out  by 
Inspection,  it  will  be  difficult,  if  not  impossible,  to  find  general  solutions  more  concise.  Af 
M  is  always  greater  than  N,  they  can  never  be  confounded  together. 

It  it  because  the  Dep.  always  increase*  with  the  course,  that  it  is  used  in  preference  to 
fee  D   Ut.  in  the  solutions  by  this  Table,  the  rules  being  adapted  accordingly 
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six.  S.    Lat.  56°  50'  8.,  decL  560  10'  S.f 
64?  4/1  required  the  Hoar-angle. 
570  and  56°,    M  328*3,    N  128-3 
650  and  318,  Dep.  197*3 

(<W)    690 
Hoc*  anols,  3*  5"  (since  the  Dep.  «#- 
N). 


Ex  4.    Let.  47°  3'  N.,  decl.  i*°  3/  N. 
alt.  8°  20':  required  the  Hour-angle. 
470  and  i20|,    M  158*7,    N  44% 
8°|  and  159P  Dep  13*0 

(rfy.)  11-4 
Course,  5*  11*;  or  Hour- angle,  6*49* 
(since  the  Dep.  is  less  than  N). 


When  the  lat  or  the  decl    is  0,  N  is  0,  and  the  Dep.  is  to  be  taken  at 
the  D.  Lat.  to  100;  the  Courst  corresponding  is  the  Hour-angle  required. 

Ex.  5.    Lat.  o°,  decl.  14°  N.  or  S.,  alt. 
2  70 1  lequired  the  Hoar-angle. 

oand  14°,       M  103*1 

270  and  103,     Dep.  46*8 

Houb-akolb,  4h  8". 


Ex.  6.    Lat.  380  N.  or  S.,  decL  o*,  alt. 
2 7°:  required  the  Hour-angle. 

o°and38°f       M  116-9 

170  and  117,     Dep.  57-7 

Hooe-anolx,  3b  40". 


(2.)  To  find  the  Hour-angle  on  the  Prime  Vertical,  No.  618. 
With  the  decl.  and  colat  find  N ;  with  100  as  Dist.  and  N  as  D  Lat 
And  the  Course. 


Ex.    Lat  31°,   decl. 
give  Horm-AKOLi  4*  22" 


140  and  590  give  N.  41*5;    100  Diet  and  41*5  D.  Lai. 


(3.)  To  find  the  Hour-angle  at  rising  and  setting,  No.  620. 

With  the  lat  and  decl.  take  out  N.  With  the  Dist  100  and  N  as  D.  Lat 
find  the  Course. 

When  the  lat.  and  decl.  are  of  contrary  names,  this  is  the  Hour-angle 
required;  when  of  the  same  name,  take  the  suppl.  to  12  hours. 


Ex.  1.    Lat.  510  N.,  decl.  270  N. :  find 
the  Hour-angle  at  rising  or  setting. 
17°  and  5 1°  give       N  62*9 

Dist  100  and  D.  Lat.  62*9  give  Course 
3*24",  and  the  Hour-  an olb  required  8*36*. 


Ex.  2.    Lat.  31°  N.,  decl.  400  S.  t  iad 
the  Hour-angle  at  rising  or  setting. 
310  and  400  give       N  50*4 

100  and  50*4  give  4h,  the  HouE-Airoi.a 
required. 


(4.)  To  find  the  effect  of  Refraction,  Sic.  on  the  above,  No.  638. 

With  the  lat.  and  decl.  take  out  M.  With  M  as  Dep.  and  the  Hour-angle 
at  rising  or  setting  as  Course,  take  out  the  Dist  Multiply  this  Dist  by  tne 
sum  of  34'  and  the  depression  to  the  height,  Table  8 ;  the  product  divided  by 
1500  is  the  portion  of  time  required  in  min.  and  decimals. 

Ex.  1,  No.  638.  Lat.  280  and  Decl.  160  give  M  1 178.  Then  Lat  280  N.  and  Dad.  16" 
N.  give  Hour-angle  at  setting,  6h  35".  The  suppl.  of  this,  as  it  exceeds  6h,  or  5*  25"  as 
Course,  and  Dep.  117*8,  give  Dist.  119. 

Dist  119  mult  by  34-1-117,  or  151,  is  17969;  which,  -1-  by  1500,  gives  n"'9. 

(5.)  To  find  the  Time  of  Twilight  No.  641. 

With  the  lat  and  the  sun's  decl.  find  M  and  N.  With  the  Course  18" 
and  the  Dist.  M  find  the  departure. 

When  the  lat.  and  decl.  are  of  same  name,  add  this  dep.  to  N ;  the 
Course  corresponding  to  the  sum  as  D.  Lat.  and  Dist  100  is  the  A.  T.  of 
the  beginning  of  twilight  a.m. 

When  the  lat  and  decl.  are  of  contrary  names,  take  the  diff.  between  the 
above  Dep.  and  N ;  the  Course  corresponding  to  this  diff.  as  D.  Lat  and 
Dist  100  b  the  time  twilight  begins,  a.m.,  when  the  Dep.  is  greater  than  N; 
and  the  time  it  ends>  p.m.,  when  the  Dep.  is  less  than  N. 

Each  of  these  times  is  the  supplement  of  the  other  to  12*. 
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El.     Lilt  30°  N.,  sea's  ded.  ao°  N. :  required  Beginning  and  End  of  Twilight. 
zo°  sad  jo°  give  M  111*9  •nB'  N  11.    Coarse  180  and  Dist  123  give  Dep.  38  (gmterj, 
nt  name)  nm  59.    Diet.  100  and  D.  Lac  59  giro  Coarse  3k  56",  the  time  it  BtaiNt 
a.m.;  hence  it  Emu  at  8*  24*  p.m. 

(6.)  To  find  the  altitude  on  the  Prime  Vertical,  No.  664. 
With  0  and  the  colat.  find  M.     With  the  decl.  as  Course  and  M  as  Dist. 
find  the  Dep.     With  Disk  100  and  this  Dep.  find  the  Course. 

Ex.  I  At.  520,  Ded.  22°.  o  and  380 give  M  1169,  110  and  Diet.  127  ghre  Dep.  47*6. 
DUt  1  x>  and  47*6  ghre  Coarse  or  Alt.  28*|. 

Ex.  3,  No.  665  (worked  to  the  newmt  defree),  ghres  Dep.  100,  eqsal  Co  the  Diet,  which 
means  that  die  Alt  b  900,  or  it  is  an  extreme  case. 

(7.)  To  find  the  Altitude,  the  Hour-angle  being  given,  No.  666. 

With  the  lat.  and  decl.  take  out  M  and  N.  With  the  corapl.  of  th* 
hour-angle  to  6*  as  a  Course,  and  Dist.  100,  find  the  Dep* 

When  the  lat.  and  decl.  are  of  contrary  names,  take  the  diff.  of  this 
Dep.  and  N.  When  the  lat  and  decl.  are  of  the  same  name ;  irthe  hour- 
angle  is  less  than  6\  take  the  mm  of  the  Dep.  and  N;  if  greater  than  6h, 
take  the  diff. 

With  this  sum,  or  diff.,  as  Dep.  and  M  as  Dist.  find  the  Course,  which  Is 
the  alt.  required. 


Ex.  1.    Lat  if  32'  N.,  ded.  8°  35'  S., 
How-angle,  4*  4$Mt  required  the  Alt 
8°iandic°Ju    M  104*9,    N    41 
ik  15"  and  Dist  100      Dep.  32*2 
(c*n4.mme),dif.iS-i 
Dist  105  and  Dep.  28*1  ghe  Co.  15°! 
the  Alt. 

Ex.1.    Lat  47°  3' N.,  ded.  220  37' N„ 
Hour-angle,  6*  50". 

220iandi7°,    M1587,    N44'4 
c*  50"  and  100  Dep.  21*6 

(«V)  22*8 

159  and  Dep.  22*8  ghre  Alt.  8°. 


Ex.3.    Ut.  s6°  so7  N.,  dcct  560 10' N^ 
Hoar-eagle,  3*  5-. 

560mids70-    M  328*3,    N  128*3 
2k  55"  and  100.  Dep.    69*0 

(nm)  297-3 
164*1  and  148*6  ghre  Alt.  650. 

Ex.  4.    Lat  22°  S.,  ded.  30  N.v  How. 
angle,  2h  15". 

30  and  «2°,      M  108*0,      N    2*1 
3h4S"  *^ 

(dif.)  8o*8 
Alt.  49*. 


When  the  lat.  or  decl.  is  0,  N  is  0,  and  the  Dep.  taken  as  Dep,,  with  M 
as  Dist  gives  the  course.  When  both  lat.  and  decl.  are  0,  the  alt.  is  the 
eompl.  of  the  hour-angle  in  arc. 

(8.)  To  find  the  Aiimuth,  the  Altitude  being  given,  No.  678. 

With  the  lat  and  alt.  take  out  M  and  N.  With  the  decl.  as  course,  and 
M  as  Dist.,  find  the  Dep. 

When  the  lat  and  decl.  are  of  contrary  names,  take  the  sum  of  this  Dep. 
and  N ;  when  of  the  tarns  name,  their  difference. 

With  the  dist.  100,  and  this  sum  or  diff.  as  D.  Lat.,  find  the  course, 
which  is  the  azimuth  required. 

When  the  lat*  and  decl.  are  of  contrary  names,  this  azimuth  is  to  be 
reckoued  from  the  S.  in  N.  lat  and  from  the  N.  in  S.  lat.  When  they  are 
of  the  same  name, — when  the  Dep.  is  less  than  N,  reckon  the  azimuth  from 
the  S.  in  N.  lat,  and  from  the  N.  in  S.  lat;  when  the  dep.  is  greater  than 
N,  reckon  the  azimuth  from  the  elevated  pole,  or  from  the  N.  in  N.  lat 

The  azimuth  is  reckoned  E.  or  W.  as  the  celestial  body  is  to  the  £.  or  W 
of  the  merid.  at  the  time  proposed. 
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Ex.  l.    l*t.  io°  8.,  alt  58°4o'toE-d., 
led.  14°  *V  N.  (tontrmty  names). 

to°  Mid  58°f     M  195*8     N  29*0 

140}  and  196    Pep.  49*0 

(mhn)  78*0 

100  and  D.  Lat.  78*0  give   39°$,  the 


Ex.  2.    Lat  510  30'  N.,  alt.  of  Arcturu* 
40*25' to  W-d.,  decl.  20°  2' N.  (mtm  name). 
5i°Jand4o°4  M  2x1-2     N  107-3 
200  and  2x1     Dep.  72*2 

100  and  D.  Lat  35*1  give  690},  or  As  »m% 
req.,  S.  69°!  W.,  aa  the  Dep.  if  the  /« 


Sam.  req.,  which  (in  S.  lat.)  ia  N.  39°$  E. 

When  the  Lat.  is  0,  N  is  0,  and  the  Dep.  itself  becomes  the  D.  Lat, 
which,  with  Disk  100,  gives  the  Course. 

When  the  Declin.  is  0,  the  Dep.  is  0,  and  N  becomes  the  D.  Lat,  which, 
with  Dist  100,  gives  the  Course. 


Ex.  S.    Lat.  o,  declin.  21°  N.,  alt.  6i°. 
Lat   o  and    61  M  206-3      No 

21  and  206*3     Dep.   73*8 

100  and  D.  Lat  73*8  give  420},  the 
Azimuth. 


Ex.  4.    Lat.  480  8.t  decl.  o,  alt  34". 
480  and   340      M  180-3      N  74'9 
o  and  180*3  Dtp*       ° 

100  and  74*9    give  Caurse  41°!,  the 
Azimuth. 


To  compute  M  and  N.*  For  M,  add  together  the  log.  secants  of  the 
given  arcs,  add  2  to  the  index,  and  reject  the  tens ;  the  sum  is  the  log.  of  M. 
For  N,  add  together  the  log.  tangents,  and  proceed  as  for  M. 

Ex.    Find  M  and  N  for  1 50  40'  and  690  1 i'. 

1 50  40'             log.  tec.  0*01644  log.  tan.  9-44787 

69   1 1              log.  aec.  0-44931  log.  tan.  0*41999 

M  292*2        log.  2-46575  N  73*8      log.  1*86786 

Table  6.  Meridional  Parts. 

These  are  the  number  of  minutes  corresponding  to  each  degiee  and 
minute  of  lat.  on  Mercator's  chart.  For  ex.,  the  mer.  parts  to  lat  89°  I2f 
are  2560.  t 

The  mer.  parts  are  given  to  each  minute  of  latitude  as  far  as  78°. 

To  compute  a  Term.  Add  45°  to  half  the  latitude,  and  take  out  the  log. 
tan.  of  this  sum  (rejecting  10),  take  away  the  decimal  mark. 

The  process  may  now  be  completed  arithmetically,  thus : — Complete  this 
number  to  7  figures  by  annexing  ciphers,  or,  if  the  index  is  11,  to  8  figures, 
and  multiply  by  0  00079157. 

But  it  is  more  convenient  to  use  logs.  Consider  the  log.  tan.  thus  pre- 
pared, as  a  natural  number,  and  take  out  its  logarithm.  When  the  lat  is 
less  than  13°  6'  prefix  the  index  5,  when  between  13°  6'  and  78°  34'  44* 
prefix  6,  and  when  above  this  last,  7.  Add  the  const,  log.  6*898489 ;  the 
sum  is  the  log.  of  the  mer.  parts. 

*  By  the  plane  Traverse  Table.  With  the  greater  arc  as  a  course,  and  D.  Lat.  100,  take 
out  the  Dist.  and  Dep.  With  the  other  arc  as  course,  and  the  said  Dist.  as  D.  Lat,  take  out 
the  Dist.;  this  is  M.    With  the  said  Dep.  as  D.  Lat  take  out  the  Dep.;  this  is  N. 

When  the  D.  Lat  100  is  not  found  exactly,  take  out  the  Dist  and  Dep.  for  the  next  leu, 
and  add  the  Dist.  duo  to  the  defect  from  100. 

Ex.  Find  M  and  N  to  200  and  420.  The  Course  420  and  D.  Lat.  100  rive  Dist.  134*6, 
and  Dep.  90*0.  Then  20 '  and  D.  Lat  134*6,  give  the  Dist  or  If  143*2,  and  the  IX  Lat  90 
gives  Dep.  or  N  32-8 

All  the  methods  by  Inspection  may  thus  be  effected  by  the  plane  Traverse  Table. 

t  The  nearest  unit  is,  of  course,  enough  in  navigation.  In  the  construction  of  charts 
two  decimals  may  be  neceemrr,  and  recourse  may  be  had  to  Dr.  Inman's,  or  Mendosa  Riot  £ 
Ta&es. 
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Fmd  fee  Mcr.  Par*  for  Lai. 
5° 


Ei.  1.     fW  the  Mer.  Pis.  for  the  Lat. 
19'.  o 

^t1^}  ^Mfl  >»*-  —5-54     ,  I]  ^  ^tan.  io.S545«3 

Arithmetical:/.  Annexing  a  ciphers  gives 


1515400,  which  multiply  by  0*00079157  « 
199*112. 

By  logs.  *5 15  .og.    -400538 

4  Z£ 

Index  5,        5*400608 

Const.  6*898489 

Msa.  Pts.  199*11    log.  2*299097 


5545  1°*       "743** 

«  47 

5  4 

Index  6,  *'743953 

Const  6*898489 

Mi*.  Pre.  4389*77      log.  3*642442 

Ex.  S.  Find  the  Mer.  Parts  for  the  Ul 
78°  36'. 

The  log.  tan.  is  11*000812,  the  index 
prefixed  7,  Mer.  Parts  7922*13. 

The  6th  figure  in  using  tables  to  6  places,  will  often  be  in  error  nearly 
1 ;  hence  the  mer.  parts  may  be  in  error  nearly  '01,  or  1- 100th  of  a  mile, 
or  nearly  60  ft. 

lion.— If  the  Spheroidal  Mer.  Pts.  are  required,  enter  the  Traverse  table  with  the  lat.  as 
a  Coarse  and  21  -4  as  a  Dist. :  the  Dep.  will  be  the  redaction  required.  Ex.  lat.  51° 
has  Mer.  Pts.  8669 :  Coarse  61°  and  Dist  21-4  has  Dep.  17:  then  3669 -17- 366a, 
Spheroidal  Mer.  Pts.  for  61°. 


DEPARTURES. 

These  Tables  are  used  in  the  methods,  chap.  iv.  p.  137. 

Table  7.    Fob  finding  the  Distance  of  an  Object  bt  two  Bearings 
and  the  Distance  run  between  them. 

The  use  of  this  Table  is  described  in  No.  850. 

To  compute  a  Term.  To  the  log.  sine  of  the  difference  between  the 
oonrse  and  the  1st  bearing,  add  the  log.  oosec.  of  the  diff.  between  the 
difference  of  the  course  and  the  1st  bearing  and  that  of  the  course  and 
the  2d  bearing ;  the  sum  (rejecting  tens)  is  the  log.  of  the  term. 

Table  8.  True  Depression  of  the  Sea-Horizon. 

This  Table  contains  the  Depression  to  each  minute  as  far  as  240,  with  ics 
square,  and  the  corresponding  height  in  feet. 

The  Depression  is  the  Distance  of  the  visible  horizon,  No.  205. 

The  Table  may  be  also  useful  for  reference,  as  containing  the  squares 
and  square  roots  of  several  numbers. 

To  compute  a  Term.  Multiply  the  square  root  of  the  height  in  feet  by 
1*063.  Or,  for  greater  precision,  to  the  const  log.  6*49084,  add  half  the 
log.  of  the  height  in  feet ;  the  sum  is  the  log.  tangent  (or  log.  sine  nearly 
enough)  of  the  depression.* 

Approximately,  the  dist  visible  in  miles  is  the  square  root  of  the  height 
in  feet,  an  accidental  relation  easy  to  remember. 

•  As  the  lower  latitude*  are  more  frequented  by  shipping  than  the  higher,  40°  has  been 
issumed  as  the  average  Utitude.  Also,  as  the  curvature  of  the  earth  is  different  on  the  prime 
vertical  and  on  the  meridian,  the  circle  of  curvature,  crossing  the  meridian  at  45°  of  azimuth, 
has  been  employed.  The  depression  is  accordingly  computed  to  the  radios  20,909.577  feet 
which  gives  the  lentth  of  the  average  nautical  mile  6082  feet  nearly,     foe  Table  64a. 
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Ex.    Find  the  True  Depression  for  the  height  107  feet. 


By  Table  8  the  square  root  of  107  is  seen 
to  be  10$,  or  10*3  nearly. 

Then  10*3  x  1*063  a  10'9  the  Tm.  Dspr. 


Square  root  of «  Const  64903 

20909577 
Log.  of  107,         2*0304.,  1*0*47 

T».  Dspb.        11'  o"  sin.  7'505<> 


Table  9.  Number  Of  Feet  subtending  an  Angle  of  1'. 

This  Table  gives,  by  simple  proportion,  the  number  of  feet  subtending 
an  angle  of  any  number  of  minutes  and  seconds  within  3°  or  4°,  for  any 
distance  in  nautical  miles.  It  is  very  convenient  for  finding  approximately 
the  distance  in  miles  of  an  object  of  given  dimensions,  as  also  the  dimensions 
of  an  object  seen  under  a  given  angle  at  a  given  distance. 

The  simplest  way  of  using  the  Table  is  to  find  from  the  question  the 
number  of  feet  subtending  1'. 

Ex.  1.  The  angular  height  of  a  mast-head,  138  feet  high  above  the  water-lineof  the 
vessel,  and  no  horizon  intervening,  is  9/ :  required  the  Distance  of  the  Vessel. 

138-4-9  gives  1 5*3  feet,  which  subtends  I'  at  nearly  9  miles,  the  Dist.  required. 

Ex.  2.  The  distance  between  two  vertical  lights  is  60  feet,  and  the  angle  it  subtends 
Is  4 :  required  the  Distance  of  the  Light-house. 

60  +  4  gives  15  feet  for  1',  and  Dist.  required  8|  miles. 

Ex.  8.    The  length  of  a  vessel  from  the  stern  to  the  jib-boom  end  is  198  feet,  and 
ihe  subtends  (when  seen  exactly,  or  nearly,  broadside  on),  27' :  required  her  Distance. 
198  +  27  gives  7*3  feet  to  i\  and  Dist.  required  4  miles. 

Ex.  4.  A  cliff  distant  5}  miles  subtends  a  vertical  angle  of  39'  (above  the  water  or 
surf  line)  :  required  its  Height 

At  5i  miles  972  feet  subtend  1',  and  39  x  972, 379  feet,  the  Height  required. 

The  number  of  feet  in  the  Table  corresponds  nearly  to.  the  number  of 
miles  increased  by  }  of  itself 5  thus,  8  miles  gives  14  feet. 

To  compute  a  Term.  To  the  log  of  the  dist.  in  feet  add  30103  (the  log. 
of  2)  and  the  log.  tan.  of  half  the  angle  proposed  (here  1') :  the  sum  is 
the  log.  of  the  term  required. 


Table  10.  Maritime  Positions. 

Order  of  Places.  The  places  follow  each  other  in  their  order  along  the 
coasts,  except  where  it  is  convenient  to  pass  to  an  island  or  shoal  adjoining, 
after  which  the  coast  is  again  continued. 

The  Alphabetical  Index  at  p.  540  removes  the  difficulty  which  would 
otherwise  be  experienced  in  searching  for  a  particular  place  under  any 
arrangement  whatever  of  islands  irregularly  placed  in  the  ocean. 

Names  in  the  Side  Columns.  The  names  of  countries  and  seas  inserted 
at  the  side  of  each  column  are  intended  merely  to  assist  the  forming  of  a 
general  idea  of  the  contents  of  the  page,  and  are  not  to  be  considered  as 
accurately  defining  geographical  or  political  divisions. 

Mountains.  Mountains  visible  from  the  sea  are  inserted,  as  convenient 
for  taking  departures,  and  for  the  examination  of  the  compass.  The  heights? 
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of  summit*  (to  the  tops  of  trees)  are  given  in  feet ;  when  the  height  is  con* 
siderable,  t»nd  not  accurately  known,  the  distance  in  leagues,  at  which  it  it 
visible,  is  given  instead  of  the  height.  The  height  may  on  many  occasions 
be  the  means  e/  identifying  the  land.*  When  the  height  precedes  the 
point  of  which  the  position  is  given,  it  applies  to  the  summit  of  the  island 
or  cape. 

Lights.  The  descriptions  of  lighthouses  are  in  most  cases  given.  In 
the  case  of  two  lights,  the  height,  and  also  the  position,  relate  to  the 
highest.     See  also  pp.  402,  403. 

Heights.  All  the  heights  taken  from  the  latest  Admiralty  charts  are 
reckoned  from  high  water,  in  order  to  throw  the  error  due  to  a  difference 
in  the  height  of  the  tide  on  the  safe  side.  For  ex.,  a  light  120  feet  above 
high  water,  seen  at  a  certain  (angular)  altitude,  places  the  ship  2  miles 
off.  Now,  at  any  other  time  of  tide,  the  height  exceeds  120  feet,  and,  in 
order  to  view  it  under  the  same  angle,  the  ship  must  be  more  than  2  miles 
off ;  that  is,  the  ship  is  really  farther  off  than  is  supposed,  which  is  as  it 
should  be. 

Secondary  Meridians.  These  are  the  places  in  small  capitals.  See 
p.  392. 

Latitudes  and  Longitudes.  The  Latitudes  of  ports  are  given  to  the 
nearest  tenth  of  1' ;  that  is,  to  6".  The  error  due  to  this  manner  of 
notation  cannot  exceed  3'',  which  is  a  quantity  not  worth  dispute,  except 
in  fixed  observatories. 

The  Longitudes  of  ports  are  given  to  those  tenths  only  of  1'  which  cor. 
respond  to  the  nearest  second  of  time.  These  are  '25,  '5,  and  75 ;  the 
•05  being  dropped,  2  stands  for  1»  (or  15"),  *5  for  2»  (or  30"),  and  '7 
for  3§  (or  45")  ;  that  is,  the  seconds  of  time  are,  in  round  numbers,  half 
the  number  of  tenths:  thus,  27'2  is  read  27*  15",  or  lm  46*  and  1«,  or 
lm  49s.  The  2  and  7  used  thus  are  distinguished  by  a  dot  below.  By 
this  slight  change  in  the  notation,  we  are  enabled  to  employ  at  once  the 
diff.  long  as  deduced  by  the  Traverse  Table  in  minutes  of  arcs  and 
tenths,  while  we  preserve  the  utmost  precision  that  can  ever  be  required 
in  practice.f 

As  1'  of  long  is  4s  of  time,  the  error  of  neglecting  the  seconds  in  the 
longitude  cannot  exceed  2*. 

The  omission  of  the  tenths  in  the  longitude,  when  those  of  the  latitude 
are  given,  implies  that  such  longitude  is  not  well  determined.  The  tenths 
of  1'  noted  in  several  longitudes  do  not,  however,  always  imply  precisely 
this  degree  of  accuracy  in  the  position,  but  serve  to  indicate  stations  to 
which  the  longitudes  of  places,  not  very  distant  may  conveniently  be 
referred. 

The  positions  of  headlands,  which  are  generally  passed  at  the  distance  of 
some  leagues,  are  given  to  the  nearest  minute  only,  in  order  to  relieve  the 

*  It  does  not  consist  with  the  design  of  this  volume  to  give  roles  for  determining  the 
height  of  the  land  from  the  observation  of  its  altitude  with  a  sextant  Bui  when  the 
distance  of  the  ship  from  the  land  is  known,  it  will  always  be  easy,  by  observing  the 
altitude  and  assuming  a  height,  to  tind  «  hether  the  assumed  height  agrees  or  not  with  the 
known  distance,  by  means  of  foe  rules  in  chap.  iv.  p.  139,  and  thus  by  a  trial  or  two  the 
true  height  will  be  obtained  nearly.  As  the  height  of  the  land  is  a  very  important 
element  in  navigation  and  maritime  geography,  stamen  may  render  essential  service  by 
taking  advantage  of  favourable  opportunities  of  determining  heights  in  this  way. 

t  Admiral  W.  F.  W.  Owen  has  employed  this  method  of  notation  in  his  Table  e/ 
latitudes  and  longitudes*  a*  more  convenient  in  actual  navigation,  than  that  of  seconds 
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computation  from  useless  details.     When  the  position  falls  on  a  balf  mm* 
it  is  marked  £  a  min.  to  seaward,  to  throw  the  error  on  the  safe  side. 
The  position  relates  to  the  last-mentioned  point  (not  in  parentheses). 

Groups  of  Islands.  All  groups  of  islands,  and  all  single  islands,  rocks 
or  shoals,  recorded,  are  inserted.  In  many  groups  all  the  islands  are 
noticed ;  where  this  is  not  necessary,  those  marking  the  limits  are  given. 

Submarine  Volcanoes.  Between  the  late.  7°  N.  1°  S.,  and  long.  16°  and 
24°  W.,  several  ships  have  met  with  ashes  or  experienced  shocks.  Krusen- 
stern,  on  May  9th,  1806,  saw,  in  2°  43'  S.,  20°  33'  W.,  a  column  of  smoke, 
which  shot  np  at  intervals.  There  is  little  doubt,  therefore,  that  the 
region  is  volcanic ;  and  though  Capt.  Wickhara,  in  H.M.S.  Beagle,  found 
no  bottom  at  190  fathoms  in  1°  55'  S.,  23°  W.,  it  is  not  unlikely  that  a 
shoal  may  at  some  time  appear,  and  on  this  account  the  attention  of 
seamen  is  directed  to  this  region  in  column  (41). 

It  may  be  remarked  here,  that  land  suddenly  thrown  up  has  quickly 
sunk  again. 

Orthography.  In  the  names  of  places,  of  whioh  the  native  alphabet 
does  not  correspond  to  ours,  or  where  the  language  is  unwritten,  the  reader 
must  expect  some  trifling  inconsistencies,  owing  partly  to  our  own  irregular 
orthography.  We  have  followed  chiefly  the  Hydrographic  Office,  which 
employs  the  Italian  vowels,  with  some  modification.  Thus,  a  as  in  father, 
ai  as  i  (English)  in  shine ;  au  as  ow  (English)  in  cow  (Dutch  ow)  ;  e  as  a 
(English)  in  face ;  u  (or  ou  in  some  cases)  as  oo  (English)  in  fool,  or  u  in 
sure  (French  ou,  Dutch  oe).  Por  ex.,  Apia,  pronounced  Ah-pee-a;  Mitiero, 
pronounced  Mee-tee-air-o ;  Manua,  pronounced  Man-oo-a,  not  Manyua. 
Cook's  "  Whytootackie  "  is  spelt  Aituiahi,  as  by  the  missionaries,  who, 
wherever  they  have  instructed  the  Pacific  islanders  in  writing,  have  wisely 
given  them  the  Italian  vowels.  Some  names  we  preserve  in  forms  already 
known  to  our  seamen,  as  Nareenda,  Tootboa  (pronounced  Narinda,  Toufoua)t 
Ac,  as  also  Otaheite  (Tahiti),  in  which  the  o  is  not,  however,  absolutely, 
erroneous. 

We  have  sometimes  marked  the  pronunciation  by  an  accent,  as 
Battanta,  Galapagos,  Tongatabou,  &c. 

It  must,  however,  always  be  borne  in  mind  that  each  different  people 
calls  the  same  place  by  different  names ;  this  accounts  for  the  discrepancies 
in  names  given  to  numerous  islands. 

Notation  and  Details.  Everything  in  parentheses  is  additional  informa- 
tion (to  be  explained  under  the  Symbols),  but  whioh  does  not  relate  to 
the  position. 

Ex.  CoL  (30)  C.  Xyli  (pk.  1040  U  N  V'$)  .  .  .  denote*  that  there  it  a  pku,  &c, 
bat  the  position  is  of  C.  XylL 

CoL  (55)  Ras  Gurdira  1  (rfc  S.E.  3m.)  denotes  there  is  a  rock,  &c,  bnt  the  position 
is  of  Ras  Gnrdim. 

CoL  (81)  Fr.  Sipaog,  a  5  (rks.  5m.)  .  .  .  denotes  a  rk.  (awash)  off  Pt  S— ,  and 
rks.  also  5m.  out,  but  the  position  is  that  of  the  rock  close  off. 

The  seaman  must  draw  no  conclusions  from  the  absence  of  details ;  he 
is  not,  for  example,  to  infer  that  a  place  is  safe  merely  because  it  is  not 
marked  dangerous. 

Uses  of  the  Table.  This  Table  has,  in  navigation,  two  applications :  1st. 
It  furnishes  points  of  departure  in  leaving  and  in  making  the  land,  under 
which  head  are  included,  also,  islands  made  in  passages,  and  dangers  to  be 
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avoided  in  shaping  the  course ;  2nd.  It  gives  the  positions  of  ports  and 
anchorages  for  the  more  complete  regulation  of  the  chronometer.  Places, 
therefore,  not  belonging  to  one  or  the  other  of  these  two  classes  are  un- 
necessary, because,  m  such  circumstances,  generally,  the  ship  is  either  in 
pilot-water,  or  is  navigated  by  the  chart  alone. 

Lights,  however,  are  inserted  in  greater  number,  because  a  ship  in  a 
fog  may  pass  an  outer  light  unseen,  and  learn  her  position  from  an  inner 


1.   Arrangement  of  the  Position*. 

It  is  proper  here  to  describe  the  principles  on  which  this  Table  has 
been  constructed,  and  to  which  allusion  was  made  in  the  preface  to  the 
first  edition. 

It  will  be  admitted,  as  remarked  (pref.  p.  viii),  that  the  relative 
positions  of  places  are  of  much  greater  consequence  in  navigation  than 
their  absolute  positions.  For  no  astronomical  observations  taken  at  sea 
can  be  implicitly  depended  upon  within  at  least  one  minute,  and  the 
chronometer,  in  consequence  of  not  preserving  exactly  the  same  rate, 
ceases,  after  some  days,  to  afford  the  true  longitude  of  the  ship.  Since, 
therefore,  the  absolute  longitude  of  the  ship  herself  cannot  be  determined 
with  oertainty,  the  knowledge  of  the  precise  longitude  of  any  position,  as 
a  rock,  or  a  shoal,  whioh  she  may  be  near,  is  but  of  little  service.  But, 
on  the  other  hand,  a  tolerably  good  account  of  the  ship's  change  of  place, 
in  short  intervals  of  time,  is  afforded  by  a  chronometer  even  of  inferior 
quality,  and  hence  it  becomes  of  paramount  importance  that  the  places 
which  the  navigator  employs  as  points  of  departure  should  be  rightly  placed 
with  respect  to  each  other,  whether  they  are  in  their  true  positions  or  not. 

Previously  to  Cook's  voyages,  which  may  be  considered  as  the  com- 
mencement of  modern  hydrography,  the  only  method  (besides  the  rude  and 
imperfect  determination  of  the  ship's  run)  of  obtaining  the  longitude  of  every 
new  land  made,  was  the  lunar  observation.  But  as  that  method,  from  its 
inaccuracy,  fails  altogether  in  exhibiting  truly  relative  positions  (No.  1008), 
chronometers  were  employed  in  combining  together  the  results  of  observa- 
tions taken  at  different  places,  of  which  numerous  instances  are  recorded  by 
Horsburgh  in  his  East  India  Directory.  Since,  however,  the  observations 
made  at  two  places  are  not  in  general  equally  good,  this  method  of  com- 
bining observations  with  chronometric  differences  has  the  disadvantage  of 
impairing  the  better  determination  of  the  two,  and  in  consequence  throws 
a  difficulty  over  the  connexion  of  either  of  them  with  a  third  place  better 
known.  Succeeding  navigators,  proceeding  in  the  same  way,  have  ob- 
tained other  results  of  observation,  and  other  chronometric  differences ; 
and,  in  consequence,  the  hydrographer  who  has  not  the  means  afforded 
him  of  instituting  a  critical  examination  of  the  several  positions,  or  of 
their  connexion  with  each  other,  is  driven  to  the  necessity  of  taking  a 
mean  between  each  new  result  and  those  adopted  from  former  navigators, 
and  thus  the  whole  mass  of  positions  is  kept  in  a  state  of  perpetual 
fluctuation,  from  which  it  is  impossible  that  universal  precision  can  ever 
be  obtained. 

In  marine  surveys,  again,  different  meridians  have  been  assumed,  and 
different  longitudes  of  the  same  meridian.  In  some  cases  the  long,  of  the 
meridian  assumed  has  not  been  given;  in  others,  the  meridian  itself  has 
not  been  specified  at  all. 
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It,  however,  instead  of  thus  throwing  open  the  discussion  of  every 
place  at  each  new  voyage  of  discovery  or  surveying  expedition,  and  un- 
settling all  that  had  previously  been  done,  without  any  assurance  that  the 
new  aeries  of  positions  would  not  in  its  turn  be  unsettled  again,  navigators 
and  hydrograpbers  would  agree  to  consider,  for  the  time  being  only, 
certain  important  stations,  as  already  established  in  longitude,  whether 
really  so  or  not,  with  the  view  of  referring  all  the  subordinate  positions 
to  them,  tht»  indistinctness  which  now  hangs  over  absolute  and  relative 
position  would  be  forthwith  cleared  up.  The  question  would  be  narrowed 
into  the  determination  of  ehronometric  difftrences  alone,  until  favourable 
opportunity  occurred  for  the  definitive  determination  of  a  fundamental 
position.  Accurate  ehronometric  measures  would  be  no  longer  lost  to  the 
world  by  being  merged  in  the  uncertain  results  of  a  few  astronomical 
observations ;  and  the  labours  of  each  navigator  would  always  maintain 
their  proper  value,  instead  of  being  set  aside,  as  they  must  inevitably  be, 
on  the  appearance  of  a  new  survey,  in  which  the  data  are  exhibited  in  a 
distinct  form.  The  works  of  different  navigators,  and  of  the  navigators 
of  different  countries,  could  be  brought  into  immediate  comparison,  a  task 
which  is  at  present  often  difficult  and  unsatisfactory,  if  not  impossible. 
The  labours  of  the  hydrographer  would  be  materially  simplified ;  and  as 
the  points  to  which  inquiry  should  next  be  directed  would,  by  this  system, 
be  distinctly  brought  into  view,  the  whole  subject  would  advance  steadily 
to  its  ultimate  perfection. 

The  following  instances  may  be  cited  in  illustration : — The  long,  of 
Rio  de  Janeiro  (Fort  Villagagnon)  had  been  by  some  stated  to  be  43°  15', 
by  others  43°  9',  while  both  parties  adopted  56°  13'  as  the  long,  of  Monte 
Video  (Rat  Island).  Now  the  true  D.  Long,  of  these  places  is  52m  188, 
probably  within  ]•  or  2»,  certainly  within  4» ;  but  the  diff.  of  43°  15'  and 
56°  13'  is  51m  52s,  or  an  error  is  admitted  on  one  side  of  26*  in  a  run  of 
about  10  days.  Had  attention  been  earlier  directed  to  differences  of 
longitude  as  measured  from  fundamental  points,  such  inconsistencies 
would  speedily  have  disappeared. 

Accordingly,  it  was  proposed  (Naut.  Mag.  1839,  On  the  longitudes  of 
the  principal  maritime  points  of  the  globe)  to  adopt  certain  points  under  the 
name  of  Secondary  Meridians y  this  general  term  being  used  to  distinguish 
them  from  the  prime  meridians,  as  Greenwich,  Paris,  &c,  from  which  the 
longitudes  in  the  tables  or  on  the  charts  must  be  reckoned.  The  longitudes 
(from  Greenwich)  accepted  for  the  Secondary  Meridians,  on  which  Table 
10,  and  the  Admiralty  Charts  now  (1898)  depend,  have  been  amended 
from  Telegraphic  determinations  to  1887.*  The  points  selected  are  so  far 
distant  from  each  other  that  the  errors  of  their  relative  positions  could 
not  be  easily  discoverable  by  the  ship's  chronometers;  and  they  must 
-themselves  depend  on  astronomical  observations,  of  which  it  is  important  to 
remark,  the  number  necessary  for  an  unimpugnable  determination  appears 
to  be  very  great.  The  Secondary  Meridians,  with  the  districts  for  which 
they  are  intended  generally  to  serve,  and  their  adopted  longitudes,  from 
Qreenwich,  are  aa  follows  :— 

*  The  number  of  Secondary  Meridian*  in  the  last  edition  was  26 ;  considerable  cor- 
rections and  additions  have  now  been  made. 
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Table  of  Longitudes  accepted  for  Secondaht 
Meridians. 

shores  of  atlantic  ocean,  and  neighbouring  8ea8. 

e       /       h  h.  n».        •• 

Copenhagen  (Observatory)-  -  123448E.-050192  Kattegat,  Coasts  of  Nor- 
way; Sweden. 

Bt.  Petersburg  (Pulkowa  Obser-  30  19  40  E.  -  2  01  187  Baltic,  White,  and  Black 
vatory)  Seas. 

Paris  (Observatory)  -        -        -      2  20  15  E.   =  o  09  210    Coasts  of  France,  West 

coast  of  Italj ;  Algeria. 

Iiabon  (Dome  of  Royal J»«r;      9  • «  10  W. -  o  36  44  7 )  ry^  of  Spain  ^  p^ 

Cndfo(8anFernando  Observatory)  61224W.3  o  24  49*6]      luga1, 

Pola  Observatory      -        -        -  13  50  45  E.  -  o  55  230    Adriatic. 

IWeet  coasts  of  Italy, 
Greece,  Sicily ;  North 
coast  of  Africa, 

Gibraltar  (Dockyard  Flagstaff)®  5  21  27W.=  o  21  258 

Alexandria  (Lighthouse)  -        -  29  51  40  E.  »  1  59  267    Egypt  and  Syria. 

Smyrna  (Mulon  Daragaz  point)  27  09  42  E.  =  I  48  38*8    Grecian  Archipelago. 

Constantinople  (SL  Sophia)      •  28  58  59  E.  «  1  55  55  9    Black  Sea. 
Madeira,  Funchal  (British  Con* 

suts  House)*  1 6  54  3oW.=  1  07  38-0. 

Madeira  (Fort  St  Jago)*  -        -  16  53  53  W.=>  1  07  35  6    Aiores,  Madeira,  Canary 

Madeira  (Pontinha)t-       -        -  16  55  01  W.-  1  07  401 1      and    Cape  de    Verde 

Porto  Grande,  Cai>e  Verde  Is-  i     islands ;    West    coast 

lands  (Flagstaff  in  front  of  of  Africa  to  Fernando 

Brazilian  Submarine  Telegraph  Po. 

Co.'s  Office)*         -        -        -  24  59  22  W.-  I  39  575/ 

Newfoundland,  St  John's  (Chain  52  40  47  W.-  3  30  43*1    Newfoundland  and  La- 

Rock  Battery)  brador. 

Halifiax,    Nova    Scotia    (Naval  63  35  21  W.-  4  14  21-4    British    North   America 

Yard  Observatory)^  and  Canada. 
Boston, United  States  (Cambridge 

Observatory)  71     7  39  W.-  4  44  3061 

Key  (Cay)  West,  U.S.    Navtil  [  United    States  1    North 

Storehouse  (Observing  8pot)\\  81  48  24  W.-  5  27  136  f      America. 

Key  (Cay)  West  (Lighthouse)i  81  4*  04  W.=  5  27  123 ) 


*  U.8.  Telegraphic  determination  in  187S-9  from  Greenwich.  Published  by  U.S. 
Government,  1880. 

t  Telegraphic  determination,  1875,  from  Berlin,  by  Professor  Auwers  and  Dr.  Gill 

$  Telegraphic  determination  from  Malta  by  H.MS.  8ylviaf  1886. 

1  Depending  on  being  1'  8"  west  of  Fort  St.  Jago  by  chart. 

I  Telegraphic  determination  in  1851  and  1872  from  Washington,  and  from 
Greenwich. 

I  U.S.  Telegraphic  determinations  in  1875-6  from  Washington.  Published  by  UA 
Government,  1877,  No.  65. 
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fen  Croi  (San  Juan  de  Ulloa 

Liqhthomse)*    96  07 
Havana  (Mono  Lighthouse)]     -     82  21 
Santiago  de  Cuba  (Blanca  Bat- 
tery. South  angle)]    75  50 
Port     Royal,     Jamaica     (Fort 

Charles)]  76  50 
Aspinwall     (Aspinwall     Light- 

fc**Ot    79  54 
Ban  Juan  de  Puerto  Rico  (Morro 

Lighthouse)]    66  07 
Virgin  Wands,  St  Croix  (Lang's 
Observatory  y  centre  of  Transit 

Pier)]    64  41 
St.  John,  Antigua  (North  tower 

0/ Cathedral)]    61  50 
St.  Pierre,  Martinique  (St.Murthe 

Battery)]  61  II 
Bridgetown,  Barbados  (Flagstaff 

ofRickeWs  Battery )t     59  37 
Port  Spain,  Trinidad  (Flagstaff 

of  Water  Battery)]  61  30 
6t.  Thomas  (Fort  Christian}]  -  64  55 
Para  (Portico  0/  Custom  House)%  48  30 
Pvrnambuco     (Lighthouse     near 

Fort  Picao)±  34  51 
Bahia  (San  Antonio  Lighthouse^  38  32 
Rio    de    Janeiro    (Fort   Vilte' 

gagnon)X  43  09 
Monte  Video  (Rat  Island)%  -  56  14 
Monte  Video  (S.E.  tower  of  the 

Cathedrat)%     56  12 
Bue»>e  Aire*  (Cupola  of  Custom 

House)%    58  22 


OF  THE   TABLES. 

m  *.  m.      a 

57  W.»  6  24  318 
30  W. -  5  29  260 

30  W.  =  5  03  220 

38  W.»  5  07  225 

45  W.  -  5  19  390 

28  W.-  424  299 


a»s 


Wett  Indie* 


17  W.-  4  18  45'2 

28  W. »  4  07  219 
12W.-  4  04  448 

18  W.-  3  58  292 

38  W.-  4  06  026 

52W.»  4  19  43  5  J 

01  W.=  3  14  ooo\ 

56  W.-  2  19  278 

05  W.  =1  2  34  08  4 

29  W,=  2  52  380 
ooW.b  3  44  560 

15  W.-  3  44  490 

14  W.-  3  53  290; 


East    coast    of    Scat* 
America  1  Brazil. 


INDIAN  OCEAN  AND   RED  SEA. 


Cape  of  Good  Hope  (Government  18  28  40  E. 

Observatory)^ 

Zaniibar  (British  Consulate)\\    -  39  11  08E. 
Aden      (Submarine      Telegraph 

Office)^  44  58  57  E. 

Aden  {Local  Telegraph  Office)  -  44  59  07  E. 
Aden   (Observation    spoL     Rat 

Marbut)  44  58  31  E. 

Suez  (Port  Ibrahim)**      -        -  32  33  30  E. 

Mauritius  (MarteUo  tower.   Fort  57  29  00  E. 

George)]] 

Bombay  (Observatory)!   -        -  72  48  58  E. 


=    1  13  547    South  Africa,  Madagas- 
car, Seychelles. 
-  2  36  44*5    Adjacent  Africau  Coast. 


2  59  55'8) 
*  59  56'5 


Gulf  of  Aden. 


2  59  54-U 

2  10  140    Red  Sea. 

3  49  560    Madagascar  —  African 

Coast 

4  51  159    Persiau  Gulf,  West  Coast 

of  India  &ad]acentsea. 


*  U.S.  Telegraphic  determinations,  1883-4,  from  Washington.    Published  by  U.S. 
GoTernment  in  1885,  No.  76. 

t  U.b.  Telegraphic  determinations  in  1875-6  from  Washington.    Published  by  U.S. 
Government,  1877,  No.  65. 

%  U.S.  Telegraphic  determinations  in  1878-9  from  Greenwich.     Published  by  U.S. 
Government,  1880. 

J  Telegraphic  determinations  in  1881,  hy  Dr.  Gill  from  Aden. 

I  Telegraphic  determination,  1881,  by  Dr.  Gill  from  the  Cape  of  Good  Hope. 

*f  Telegraphic  determination,  India  Trigonometrical  Surrey,  1878. 
**  Transit  of  Venus  expedition,  1874. 
tt  Transit  of  Venus  expedition,  1874  (meridian  distance  from  Rodrigaea,\ 
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Madras  (Observatoty)*     - 
Andaman    Islands."  Port    Blair 

(Observatory,  Chatham  I*a\)    92  43  00  E, 


80  14  51  E.  -  5  20  594    Bay  of  Bengal. 


6  10  52*0    Andaman  Island*. 


JAVA,  CHINA,   AND  JAPAN  SEAS. 


Data  via  (Observatory)^ 


-  106  48  37  E.   -   7  07  145 


7  37  3*7 
6  55  250 


7  08  196 

8  C3  52  4 
7  36  381 1 


W.  Coast  Sumatra,  Jar* 
Eastern  Archipelago. 

Adjacent  islands. 

Malacca  Strait,  South 
partofChinaSea,  Pala- 
wan. 

Coast  of  Cochin  Chiua. 

Philippine  Islands. 


Banjuwangi  (Fort  Utrecht)%  •  114  22  55  E. 
Singapore!  ( Green' §  transit  pier  103  51  15  E. 
in  rear  of  Master  Attendants 
Office)^ 
Cape  St.  James  (Lighthouse)\  •  107  04  55  E. 
Manila  (Catltedrat)^  -  -  -  120  58  06  E. 
Hong  Kong  ( Cathedrat)^  -  -  1 14  09  31  E. 
Hong  Kong  (Observatory  Kau- 

lung)  114  IO  25  E. 
Hong  Kong  (Pahs  Pier)  -        -  1 14  09  43  E. 
Amoy  (Kulangseu  Signal  Stoff)\\  118  04  03  E. 
Shanghai  (British  Consulate  Flag- 
staff)^ 121  28  55  E.   -  8  05  557     Yellow  Sea  and  Korea. 
VladirostokJ  (Schamhorsfs  Sta- 
tion) 
Nagasaki  (Minage  Pomf)  (| 
Yokohama    (Flagstaff    English 

Victualling  Dep6t)\\    139  39  13  E. 


131  52  44  E. 
129  51   13 E. 


7  36  417  !■  Coasts  of  China. 

7  36  388 
7  52  l6'2' 


8  47  31*0    Russian  Tartary. 

8  39  24  9) 

[  Japan. 

9  18  36-0* 


AUSTRALIA,  TASMANIA,  AND   NEW   ZEALAND. 


Sydney  (Observatory)^  - 
Sydney  (Fort  Macquarie)** 
Moreton    Bay    (Cape    More/on 


Townsx\]ie(Flagstaff  Pilot  Hill)  e 
Cooktown  (Boatshed  at  inner  end 
of  Jetty,  Pilot  Station)® 
Cape  York  (Sextant  Rock) 
8amarai  (Dinner  I.)  China  Strait 
(Observation  spot)p 
Port  Essington  (Site  of  old  Go- 
vernment Souse) 
Port  Darwin  (Transit  piert  east 
extreme  of  cable  House)^ 
8wan  River  (Scot?*  Jetty)jf      - 
Adelaide  (  Snapper  poin  t)  J  j 
Port  Phillip(  J/e/&ourne06*em)# 


151  12  23  E. 
151   13  00  E. 

153  28  00  E. 
146  49  54  E. 

145  15  12 E. 
142  32  48  E. 

150  39  47  E. 

132  09  18  E. 

130  5o  37  E. 
115  44  30  E. 
138  30  50 E. 
144  58  32  E. 


•  10  04  49-5  >  Australia  and    adjacent 
1 10  04  520 )      islands. 


-10  13  520] 
•  9  47  I9'6 

1  9  41  008J 
,  9  30  092 

:  10  02  39- 1 

«  8  48  372 

i  8  43  225 1 
.  7  42  58  o 
.  9  14  03  4 
»  9  39  541 


Queensland. 


Torres  Strait  and 
Guinea. 


New 


North-west 
Australia. 


Coast    of 


West  Australia. 
South  Australia. 
Victoria. 


*  Telegraphic  determination,  India  Trigonometrical  Survey,  1878. 

f  Telegraphic  determination  from  Singapore  by  Professor  Oudemans  in  1871,  adopt* 
ing  U.S.  determination  of  Singapore,  1881-2. 

X  Telegraph  determination  through  Singapore  and  Port  Darwiu  (in  connection  with 
Greenwich),  in  1888.  Communicated  by  Mr.  Ellery,  Government  Astronomer  at  Mel- 
bourne, in  letter  dated  January  8,  18*5. 

§  From  Green's  transit  pier  the  old  Observation  spot  in  Fullerton  battery,  Singapore, 
bears  S.  5?  37'  W.  (true)  distant  169  feet. 

|i  U.S.  Telegraphic  determination,  1881-2. .  Published  by  U.S.  Gov.,  1883,  No.  <5b. 

•J  Telegraph  determination  through  Singapore  and  Port  Darwin  (in  connection  with 
Greenwich),  in  1883. 

**  Depending  on  Fort  Macquarie  being  47"  E.  of  Sydney  Observatory  on  chart. 

ft  Depending  on  Fort  Macquarie,  Sydney,  being  in  15 1°  13'  00"  E. 

$  Telegraphic  determination  from  Sydney  by  H.M.  ships  Dart  and  Lark,  1806. 

*  Meridian  distance  from  Townsville,  H.M.S.  Dart,  18S6. 

XI  Telegiaph  determination  through  Singapore  and  Port  Darwin  (in  eonneouon  wttb 
Greenwich},  in  U83. 
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Hobart  (Site  of  Fort 

Mulgrave)*  147  20  35  E.  -  9  49  22*3    Tasmania. 
New  Zealand.     Wellington  (Pi- 
pitta  point)  174  47  02  E.  -11  39  08- 1) 
Now  Zealand.    1ft.  Cook  (Ob-  \  New  Zealand 
urvataru)^  174  46  38  E.  -11  39  065 J 


PACIFIC  OCEAN. 

178  51  00  E.   « 11  55  24*0 


Levmka,  Oralau  (Site  of  old 
School-house) 
Tahiti  (Point  Venus  extreme)  -  149  29  00  W.= 
Honolulu  (King's  Cotoige)^  -  157  51  53  W.= 
Esquimau  harbour  (  Duntze  Head,  123  26  45  W.r 

site  of  Obset  vatory) 
8an  Francisco  (Fort  Point  Light- 
house, south  side  of  entrance)% 
San  Salvador,  La  Libertad  (Pier 

head)%  89  19  22  W.  s 
Panama  (Cathedral  Southtower)}  79  32  12  W.  = 
Panama  (North-east  bastion)^  -  79  32  03  W. 
Paita  (Cathedral  tower)%  -  -  81  07  17  W.: 
Lima  (South  tower  of  Cathedral^  77  00  02  W.  ■■ 
Callao  (San  Lorenzo  Lighthouse)^  77  15  44  W. 
Arica     (Church    spire,    iglesia 

Matrix)§  70  20  00  W. 
Valparaiso(C«pofo  ofExchamge%  71  38  36  W, 
Magellan    Strait,    Sandy    point 

(Boat-house)^     70  54  03  W. 
Magellan  Strait,    Port    Famine 

(Fitz  Rot/*  Obs.  tpoty     70  56  37  W. 


9  57  560 

10  31  27  5 

8  13  47  o 


Fiji  Islands,  South- weal 

Pacific  Ocean. 
South-east  Pacific  Ocean. 
North  Pacific  Ocean. 
Vancouver   Island    and 

British  Columbia. 


122  28  38  W.-  8  09  54  5    California. 


c  18  08-8  \  Mexico  ftn<^  Ecuador. 
5  18  082. 

5  2A29l| 

h  nlZ«\  West    Coast    of  South 
5°9029f     America. 


-  4  41  200 

-  4  46  344/ 

4  43  362] 
4  43  465 ) 


Magellan  Strait. 


Meridians  adopted  in  the  construction  of  Foreign  Charts. 

Russia,  Sweden.  Denmark,  Norway,  Holland,  Austria,  and  the  United  States  el 
America  adopt  the  Merit! inn  of  Greenwich. 

France  adopts  the  Meridian  of  Paris,  assumed  to  be  in  Long.  2°  20'  I5"  =  0''  09/* 
aro*  E.  of  Greenwich. 

Spain  adopts  the  Meridian  of  San  Fernando,  Cadiz,  assumed  to  be  in  Long. 
6°  12'  24"  =0"  24-  49-6*  W.  of  Greenwich,  or  05'  2a"  E.  of  Old  Observatory. 

Portugal  adopts  the  Meridian  of  the  Observatory,  assumed  to  be  in  Long.  90  II'  10" 
*<*  36-  447»  W.  of  Green  wich.+t 

The  Pulkowa  Observatory  of  St.  Petersburg  (sometimes  referred  to  in  Russian  Charts) 
is  assumed  to  be  in  Long.  300  19'  40"  =  2fc  I"  i87-  E.  of  Greenwich. 

The  Royal  Observatory  of  Naples  (sometimes  referred  to  in  Italian  Charts)  is 
assumed  to  be  in  Long.  140  15'  Y'-$  =  &  57"  00  5*  E.  of  Greenwich. 


Published  by  U.& 
Published  by  U.& 


*  Transit  of  Venus  expedition  of  1 874. 

t  Telegraphic  determination  from  Sydney,  1888. 

I  U.S.  Telegraphic  determination  in  1870  from  Washington. 

§  U.S.  Telegraphic  determinations,  1883-4,  from  Washington. 
Government  in  1885,  No.  76. 

I  U.S.  Telegraphic  determinations  in  1875-6  from  Washington. 
Government,  1877,  No.  65. 

•J  From  Professor  Auwers  (German  Transit  of  Venus  expedition),  1882.  By  meridian 
distances  measured  in  H.M.S.  Nassau,  1866-69,  from  Rio  de  Janeiro  (Fort  ViUegagnon 
being  considered  in  430  09'  29"  W.),  the  longitude  of  Sandy  Point  is  700  54'  06"  W.  Ry 
meridian  distance  measured  in  H.M.8.  Sylvia,  1882,  from  Monte  Video  (Hat  Island  being 
eonsidered  in  560  14'  00"  W.),  the  longitude  of  Sandy  Point  is  700  54'  08''  W. 

•*  Depending  upon  Sandy  Point,  being  in  700  54'  03"  W. 

ff  The  longitude  of  Lisbon  castle. deduced  from  the  U.S.  telegraphic  longitude  of  the 
Ushon  Royal  Observatory  (in  90  n'  10"  W.)  is  e/>  07'  $5"  W 
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[I.]  Symbols  denoting  the  Value*  of  the  Deter minatku*. 

The  symbols  0  6  0®  attached  to  certain  places,  indicate  the  degree 
of  precision  with  which  their  positions  are  supposed  to  be  known. 

The  circle  represents  the  horizon  of  the  plaoe ;  the  line  thus  —  a 
parallel  of  latitude;  and  the  line  thus  |  a  meridian.  Accordingly,  the 
meauing  of  the  symbols,  generally,  is  as  follows : — 

1.  O  implies  undetermined  either  in  lit  or  long. 

8.  0  implies  determined  in  latitude  only,  or  the  longitude  wanting 

&  CD  implies  determined  in  longitude,  or  the  latitude  wanting. 

4.  0  implies  determined  both  in  latitude  and  longitude. 

A  dot  under  the  O  implies  aggrawated  uncertainty. 

As  very  few  places  are  determined  in  the  strict  sense  of  the  word, 
while,  on  the  other  hand,  no  known  place  can  be  said  to  be  absolutely 
undetermined,  the  sense  attached  to  these  two  words  must  be  defined  by 
the  purposes  which  the  symbols  are  intended  to  serve  in  hydrography  or 
in  the  navigation  of  a  ship. 

The  different  degrees  of  determination  are  indicated  by  the  position  ot 
the  symbol. 

1.  The  symbol  O  denotes  a  doubt  of  not  less  than  2'  of  lat.,  or  some- 
what more  of  long.  It  is  used  when  the  authorities  differ  from  each 
other,  or  themselves :  thus  Capt.  W.  F.  W.  Owen  places  Gape  Nun  in 
28°  41'  N.,  and  Lieut.  Arlett  in  28°  46',  the  long,  not  being  well  known. 

This  symbol  placed  after  the  name  in  the  side  column  denotes  that 
the  district  generally  is  imperfectly  known,  as  parts  of  the  Eastern 
Archipelago. 

2.  The  symbol  6  indicates  the  latitude  well  enough  determined  for 
ordinary  purposes,  but  the  longitude  defective.     It  occurs  frequently* 

3.  The  symbol  0  occurs  rarely. 

4  The  symbol  $  after  the  name  of  a  point,  implies  a  tolerably  precise 
determination. 

It  would  have  been  prefixed  to  Pulo  Aor,  col  67,  but  this  island  is 
2  m.  from  E.  to  W.,  and  the  precise  point  of  observation  is  not  specified. 

When  placed  after  the  name  in  the  side  column,  it  implies  trigono- 
metrical survey,  subject  to  future,  though  probably  small,  correction ;  as, 
for  ex.,  parts  of  our  own  coasts,  the  coast  of  Holland,  Iceland,  Greece, 
Italy,  India,  Corsica,  B.  St.  Lawrence,  Massachusetts,  Rhode  I.,  Ac. 

When  placed  before  the  name  in  the  side  column,  it  denotes  final 
determination.  The  coasts  so  distinguished  are  part  of  our  own,  and  it 
should  have  been  attached  to  France. 

This  final  characteristic  cannot  obviously  be  applied  until  the  secondary 
meridian  is  fixed.0 

When  no  symbol  is  attached  either  to  the  district  or  to  the  points  of 

*  The  attention  of  seamen  it  particularly  called  to  the  considerations  in  the  fext. 
By  having  distinctions  established,  in  the  Table,  between  correct  and  uncertain  positions, 
the  navigator  will  have  his  circumspection  awakened  on  approaching  land  of  doubtful 
situation  ;  and  on  leaving  it  again  he  will  be  enabled  to  avoid  errors  or  perplexity  in  his 
reckoning  consequent  on  adopting  an  erroneous  point  of  departure. 

It  is  also  hoped  that  a  further  important  end  will  be  answered  by  the  use  of  the 
symbols,  and  that  intelligent  individuals,  thus  made  aware  of  the  deficiencies  or  errors 
■if  the  charts  and  tables,  will,  for  the  benefit  of  navigation  and  hydrography,  avail  them- 
selves of  opportunities  to  determine  or  verify  doubtful  positions. 
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the  coast*  it  is  implied  that  we  are  not  in  possession  of  such  additional 
evidence  as  might  serve  to  form  a  definite  opinion  on  the  accuracy  of  the 
several  points. 

The  Secondary  Meridians  take  no  symbol,  since,  though  not  all  finally 
determined,  they  are  assumed  as  the  leading  points  of  the  arrangement. 

2.  Description-  Symbols. 

lhe  importance  of  abbreviations  and  symbols  in  saving  time  in  writing 
is  so  generally  felt  that  most  persons  who  write  much,  habitually  employ 
certain  signs,  intelligible  to  themselves,  to  save  the  tedious  repetition  of 
the  same  letters  and  syllables. 

Suitable  and  expressive  symbols  are,  however,  not  merely  a  conve- 
nience to  the  writer,  but  afford,  in  general,  the  advantages  of  distinctness, 
explicitness,  and  economy  of  time  to  the  reader,  together  with  another  ol 
still  greater  consequence,  namely,  certainty.  This  last  assertion  will  not, 
perhaps,  be  so  generally  assented  to  as  the  former,  but  the  truth  of  it  is 
easily  established.  For  example,  a  seaman  in  any  particular  part  of  the 
world  opens  a  book  to  learn  where  he  may  find  a  good  anchorage.  His 
eye  naturally  looks  for  the  word  "anchorage  "  or  "anchor,"  as  it  would 
for  a  sign  or  symbol.  Having  found  the  word,  he  is  then  obliged  to  read 
the  entire  sentence  which  contains  it,  in  order  thoroughly  to  comprehend 
the  meaning ;  since,  without  a  clear  understanding  of  all  that  is  said 
about  anchorage,  it  is  not  safe  to  act.  Now  this  sentence,  though  it 
relates,  as  we  suppose,  in  some  way  to  anchorage,  may  not  contain  at  all 
the  information  that  he  requires ;  it  may,  for  example,  allude  to  some 
ship  having  partially  or  unsuccessfully  searched  for  an  anchorage,  or  it 
may  merely  intimate  that  no  good  anchorage  has  been  found  between 
some  place  in  the  neighbourhood  and  another  more  distant.  Moreover, 
it  is  often  difficult,  from  the  arrangement  of  the  matter,  to  know  the 
precise  point  the  account  refers  to,  without  reading  back.  If,  on  the  con. 
trary,  the  reader's  eye  catches  the  symbol  $ ,  or  this  symbol  so  modified 
as  to  express  with  clearness  "  no  anchorage,"  or  "  good  anchorage,"  or 
"  bad  anchorage,"  or  "  anchorage  at  times  only,"  or  4<  confined  to  a  small 
space,"  his  work  is  done  at  once  ;  he  seizes  in  an  instant  the  information 
that  is  given,  and  his  mind  is  altogether  unembarrassed  by  circumstances 
of  narration,  or  the  consideration  of  suppositions,  inferences,  and  condi- 
tions, which  often  tend  to  obscure  language  in  full  development. 

There  are  numerous  other  matters  which,  on  like  grounds,  demand 
conspicuous  indication :  such  as  the  dimensions  of  islands  and  shoals 
the  leading  particulars  of  dangers ;  the  character  and  appearance  of 
land,  for  the  purpose  of  distinguishing  one  point  from  another ;  the  class 
of  vessels  to  which  a  harbour  is  adapted ;  channels ;  landing-places ;  as 
also  notice  of  water,  refreshments,  and  fuel,  &c. 

But,  besides  the  mere  notice  or  indication,  it  is  often  no  less  necessary 
to  denote  quality ,  or  character,  as  good  or  bad  ;  thus  the  seaman  should 
know  whether  the  inhabitants  of  a  place  he  may  visit  are  likely  to  assist 
his  wants  or  to  massacre  his  crew  ;  that  is,  whether  the  character  of  the 
people  is  friendly  or  hostile. 

The  consideration  of  quantity  has  a  powerful  influence  on  the  indica- 
tions of  language.  One  place  has  some  trees  upon  it ;  another  is  well 
wooded ;  another  densely  wooded.  It  is  entirely  by  increase  of  quantity 
that  we  pass  from  trees  to  wood,  and  from  wood  to  forest.    In  like  manner, 
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it  is  no  less  the  abundance  than  the  superior  quality  of  the  water,  refresh- 
ment*, Ac.,  that  determine  the  selection  of  the  place  at  which  to  obtain 
supplies. 

The  following  cases  exemplify  the  great  conciseness  of  expression  and 
clearness  of  symbols  which  ntay  be  considered  as  appropriate. 

CSV  A  harbour  for  smaller  sized  vessel*  (i.e.  of  which  the  depth  is  not  always  so  much 
as  3  fathoms)  having  18  feet  water  at  high  water,  and  6  feet  at  low  water,  spring 
tides. 

The  symbols  represent  twenty  words,  in  the  space  of  two  or  three 
letters,  besides  indicating  the  rise  of  the  tide,  which  is  found  by  sub- 
tracting the  lower  depth  from  the  upper. 
Bo*  A  harbour  (as  above),  having  18  feet  at  high  water,  and  dry  at  low  water.  . 

These  symbols  represent  eighteen  words. 

w'  Water,  in  abundance,  and  of  good  quality. 

,p4m.  Lying  North-north-east  and  South-south-west,  and  extending  4  miles. 

The  last  symbols  represent  twelve  words ;  and  the  compass  symbol 
exhibits  to  the  eye,  without  reference  to  the  names  of  the  points,  the  two 
opposite  quarters  of  the  compass  in  which  the  line  of  direction  is  con- 
tained. 

The  reader  must  be  distinctly  informed  that  the  symbols  do  not,  in 
any  way,  interfere  with  the  usual  purposes  of  this  Table,  and  therefore 
he  may,  if  he  please,  disregard  them  altogether.  He  will,  however,  never 
do  wrong  in  taking  any  known  sign  in  its  usual  sense,  as  those  symbols 
and  abbreviations  which  have  come  into  general  use  are  here  adopted  as 
the  groundwork  of  the  system.  The  seaman  who  may  find  some  little 
difficulty  in  learning  to  read  these  signs  at  first,  may  wish  that  the 
information  they  contain  was  printed  at  greater  length.  But  there  is  no 
room  for  this,  as  the  Tables  are  already  too  bulky ;  and  it  is  only  through 
the  remarkable  condensation  afforded  by  the  symbols  that  such  informa- 
tion can  be  given  at  all.  But  when  he  has  once  taken  the  trouble  to  learn 
the  system,  which  he  will  find  very  easy,  he  will,  on  the  contrary,  be 
induced  to  prefer  the  short  and  concise,  positive,  and  unmistakable 
symbol  to  the  tedious,  indiscriminative,  and  not  seldom  obscure  process 
of  language  written  at  length. 

There  is  no  doubt  that  proper  symbols  would  be  of  great  advantage 
to  seamen  in  consulting  books  and  tables  relating  to  Maritime  Geography, 
and  also  Charts;  and  we  shall  now  enter  on  the  system  of  which  the 
first  steps  occurred  to  me  while  preparing  the  second  edition  of  this  work 
in  1841. 

[I.]  General  Bales  for  the  Employment  of  the  Symbols. 

1.  An  abbreviation,  or  an  appropriate  symbol,  is  assigned  to  each 
point  of  information ;  as  It.  light ;   *  anchorage ;  w  water.* 

2.  A  zero,  or  cipher,  below,  and  to  the  right,  denotes  no%  or  none ;  as 
w0  no  water,  «r0  no  anchorage. 

Note.— This  zero  is  of  as  much  consequence  as  the  symbol  itself,  and  is  the  only 
secondary  or  subordinate  sign  that  is  so.  It  may,  at  first  sight,  seem  awkward  to  write 
the  symbol,  and  then  to  destroy  it,  as  it  were,  by  the  zero  ;  but  it  is  the  necessary  pro- 
cess of  thought :  when  we  wish  to  say  "  no  water,"  we  necessarily  direct  the  mind  to 
water  as  the  subject,  and  then  add  that  there  is  none  of  it  To  leave  out  the  symbol 
altogether  would  not  express  the  privation  of  the  thing,  bat  merely  that  we  had  nothing 
to  say  upon  it 

*  In  employing  these  signs  it  is  essential  that  capitals  and  small  letters  should  not  be 
confounded. 
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8.  A  symbol  inverted  has  it»  meaning  reversed  :  thus  the  boathook,  » 
landing,  inverted,  as  1,  would  denote  embarking. 

4.  A  hollow  letter  implies  temporary  or  occasional,  in  opposition  to 
the  solid  letter  implying  permanent ;  thus  F  (after  It.)  denotes  a  permanent 
fixed  It. ;  Fan  occasional  fixed  It. 

5.  The  symbol  repeated  denotes  the  same  thing  at  different  places,  or 
not  everywhere ;  as  *  $ ,  anchorages,  in  certain  places. 

6.  A  symbol  followed  by  the  same  with  the  zero  sign  denotes  at  times; 
as  wwo,  water  at  times  (literally,  water  and  no  water). 

Note.— This  is,  in  general,  equivalent  to  the  hollow  letter  above  |  hot  all  tymbola 
cannot  conveniently  be  printed  in  the  hollow  form. 

[1.]  Component  Signs. 

These  are  used  only  in  combination  with  others. 

1.  The  line  —  denotes  the  surface  of the  sea ;  everything  above  this  is, 
accordingly,  conceived  as  above  the  level  of  the  sea,  and  below  it,  below 
that  level :  as  rk.  a  rk.  always  above  the  surface ;  rl.  a  rk.  always  below 
the  surface,  i.e.  sunken. 

A  symbol  between  two  such  lines,  that  is,  between  two  levels,  denotes 
awash,  as  3.  Such  is,  for  example,  the  Vrach,  off  Alderney,  which  shows 
only  at  low  spring-tides. 

2.  A  line  thus  |  denotes  vertical. 

8.  The  cross  +,  with  a  number  denoting  the  point  in  the  proper 
quarter,  constitutes  the  Compass  Symbol ;  thus  -f  denotes  ENE. 

The  cross  with  the  N.  pt.  turned  a  little  to  the  right  would  denote 
magnetic,  as  affected  by  Easterly  Variation ;  turned  to  the  left,  as  affected 
by  Westerly  Variation. 

4.  A  square,  or  oblong,  implies  enclosure,  whether  partial  or  total; 
as  O,  an  anchorage  enclosed,  represents  harbour. 

5.  Brackets  [i]  imply  within  limits',  as  [*]  anchorage  confined  to  a 
narrow  or  limited  space;  [2]  a  shoal  patch,  with  2fms.  on  it,  that  is* 
2fms.  confined  to  a  small  space ;  [  t  ]  trees  confined  to  a  small  space,  a 
clump. 

When  a  letter  denoting  dimension  (as  c,  f,  m),  with  or  without  a 
number,  and  inserted  in  brackets,  follows  the  word  Id.,  or  a  term  de- 
scribing a  danger,  it  indicates  extent ;  thus  [lm],  "  within  the  limits  of 
1  mile,  that  is,  extending  1  mile,  [c]  A  cable's  length,  or  so,  in  extent. 
[8c]  Three  cables  in  extent 

[3.]  Subsidiary  Signs, 

These  are  the  dots  under,  the  apostrophes  over,  and  the  accents  or 
letters  to  the  right  of,  the  symbol. 

Note. — The  subordinate  signs  follow,  and  never  precede,  the  symbol. 

They  denote,  1st,  Quantity ;  and  2nd,  Variety. 

I.  T?he  quantity-signs  are  the  dots  and  apostrophes. 

(1.)  The  dot  (below)  denotes  plenty,  abundance;  as  w  plenty  of  water. 
The  dot  has  this  acceptation  in  the  weather  symbols,  p.  156.  Two  dots 
denote  a  greater  abundance,  and  three  dots  express  the  highest  degree  for 
which  language  has  a  term  :  thus  t  a  tree  or  trees ;  one  dot  would  denote 
many  trees ;  t  wood  (well  wooded),  and  three  dots  would  denote  forest, 
or  densely  covered. 

(2.)  The  apostrophe  (above)  implies  scarcity ;  as  w  water  not  plentiful. 

This  sign  is  adopted  from  its  use  in  contractions,  as  in  sivth  words  as 
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can't ;  whence  it  becomes  associated  with  the  idea  of  diminution.  It  is 
placed  above  in  order  still  further  to  contrast  with  the  plenty- sign  or  dot, 
and  to  prevent  the  possibility  of  confounding  one  with  the,  other,  even  in 
the  case  of  almost  total  obliteration.  Two  apostrophes  would  denote 
great  scarcity,  and  three,  the  almost  entire  absence  of  the  thing  indi- 
cated. 

II.  The  variety-signs  are  the  letters,  accents,  or  any  other  symbols  as 
convenient,  to  the  right  of  the  symbol,  and  above  or  below  it. 

(1.)  The  most  general  of  these  is  the  accent,  which  denotes  some 
variety  of  the  thing  symbolised :  thus  N,  S,  E,  W,  denoting  the  true 
points  of  the  compass,  N',  S',  E',  W,  denote  the  magnetic  points  of  the 
compass.* 

(2.)  In  things  having  quality,  that  is,  which  may  be  good  or  bad,  the 
accent  is  placed  above  to  denote  superior,  or  good  quality,  as  opposed  to 
inferior,  or  bad  quality,  denoted  by  the  accent  below ;  as  w'  good  water, 
w,  bad  ditto ;  *'  good  anchorage,  1?,  bad  ditto. 

Two  accents  would  denote  the  next,  and  three  the  highest,  degree  for 
which  language  has  a  term :  as  w"  water  very  good,  w'"  ditto  excellent ; 
Z  „  anchorage  very  bad,  *  IU  the  worst  possible,  or  where  a  ship  should 
anchor  only  in  great  distress. 

(3.)  The  letters  used  for  these  secondary  distinctions  must  obviously 
take  their  signification  from  the  thing  symbolised,  and  likewise  their 
position  above  or  below :  as  wB  river  water,  good ;  or  wB  ditto,  bad.  PB 
people  run  (from  ships),  who  are,  generally,  the  worst  characters. 

As  the  subsidiary  signs  are  independent  of  each  other,  any  number  of 
them  may  be  employed  at  convenience :  as  w'  water  scarce,  but  good ; 
w,  water  scarce  and  bad ;  ?„  water  by  digging,  in  plenty,  but  very  bad. 

The  notation  is  thus  comprised  in  a  primary  or  class  symbol,  a  quantity- 
sign,  and  a  variety-sign. 

The  vacant  spaces  following  the  names  of  places  being,  by  this  plan, 
turned  to  account,  much  important  information  is  inserted  without  in- 
creasing the  size  of  the  volume.f  It  is  also  proper  to  observe  that,  as 
the  signs  represent  ideas  or  things,  and  not  words  (with  a  few  excep- 
tions), the  system  is  independent  of  any  particular  language. 

The  abbreviations  and  symbols  used  in  the  Table  are,  for  referenoe, 
alphabetically  arranged  in  the  following 

*  A  special  notation  for  this  purpose  is  much  required.  In  Purdy's  *'  Sailing  Direc- 
tories," both  the  magnetic  and  the  true  bearing  are  given  in  order,  ai  "  the  bearing  and 
distance  of  the  Capes  Teulada  and  Malfatan  are  E.  |  8,  [E.  |  N.]  S  miles." 

Here  E,  J  N.  refers  to  the  true  compass  ;  but  this  can  only  be  known  by  referring  to 
the  notice  at  the  beginning  of  the  book,  unless  the  reader  is  aware  that  the  variation  at 
the  place  is  westerly.  The  italic  letters  are  already  required  for  those  passages  in  which, 
from  the  importance  of  the  remark,  the  whole  sentence  is  italicised ;  but  the  notation 
E'  I  8'  presents  every  advantage  which  a  notation  should  possess  :  it  is  perspicuous,  un- 
equivocal, concise  in  the  extreme,  and  elegant 

We  must  be  careful  to  accent  all  the  letters :  thus  N'  E',  not  N  E' ;  for  this  last  com- 
bining true  N.  and  magnetic  E.,  presents  no  idea  which  occurs  in  practice. 

A  second  accent  denotes,  further,  local  deviation,  as  N"E",  which  shews,  at  once,  that 
there  are  two  corrections  necessary  to  reduce  it  to  true  NE.  This  notation  would 
remove  much  of  the  difficulty  which  often  arises  in  endeavouring  to  combine  bearings 
taken  under  different  circumstances. 

This  notation  need  not,  from  the  nature  of  the  case,  appear  in  ships'  logs. 

f  It  is  no  part  of  our  design  to  enter  all  information  which  can  be  conveyed  in 
symbols.  A  few  leading  points  have  been  inserted  where  it  seemed  advisable;  the 
reader  must  refer  for  other  details  to  the  Sailing  Directions,  or  to  voyages.  The  symbols, 
however,  will  answer  the  further  purpose  of  affording  the  means  of  making  extracts,  or 
•f  taking  notes,  of  certain  particulars,  in  a  very  small  space,  and  in  a  very  short  time. 
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9  (Anchor)  Anchorage  for  large  vessels. 

$ '  good  do.  $ ,  bad  do.  $  0  no  do. 
a  do.  for  smaller  vessels. 

X '  good  do.  T, bad  do. 
B  Harbour  for  large  vessels,  or  having 

always  8  fathoms  water. 
Q  Harbour  for  smaller  vessels,  or  having 

at  times  less  than  8  fathoms. 
The  depth  at  H.W.  and  L.W.  springs  it 
denoted  by  the  figures  annexed  above 
and  below. 
Ex.l.[Di8.20ft.atH.W.and  12ft.  at  low. 
Ex.  2.  ffltf, 16ft.  at  H.W.  and  dry  at 
low  water.  When  the  depth  at  high 
water,  of  a  harboar  which  dries  «t 
low  water,  is  not  known,  it  is  ex- 
pressed (for  the  present)  by  the 
letter  n,  implying  some  number  not 
given ;  ex.  Stonehaven,  QJ  J 
Note. — In  cases  in  which  these  details 
are  not  well  known  vacancies  are 
left,  which  will  be  filled  up  on  a 
future  occasion. 

♦  Ball. 

♦  1%  Time  ball  dropped  at  1  p.m. 
bk.  Bank 
B.  Bay. 
blL  BelL 
bL  blue. 
blk.  black. 
*r  Birds.     As  birds  frequent  some  placet 

in  preference  to  others,  they  may 

afford  a  means  of  identification. 
I  (Boathook).— See  Landing. 
T  Bold  to.— See  Component  Signs,  1,  S. 
[  ]  Brackets. — See  Component  Signs,  5. 
0  Break,  or  breakers. 

/90o  do.  at  tunas. 

♦  Brushwood  (a  tree  without  a  trunk), 
b  Burn  (or  Jud). 

E  (fnel  enclosed),  a  coal  depot ;  coaling 
station  for  steam-vessels. 
On  some  of  the  shores  of  the  Polar 
Sea,  and  elsewhere,  b  denotes 
drift-wood.  In  some  places  peat, 
as  at  New  I.  Falklands.  Where 
trees  oi  brushwood  occur,  the 
symbol  b  is  omitted,  as,  though 
many  woods  do  not  burn  when 
green,  fuel  may  be  picked  np  in 
such  placet,— See  Table  II 


C.  Cape. 

Cath.  Cathedral. 

c.  Cable's  length. 

!  (Note  of  admiration  surprise),  dtnotft 
Caution,  or  calls  attention,  at 
Current ! 

|  Channel,  or  passage,  passages. 

II  Several    channels  ;    ||w,     chan.     with 
35ftns. ;  Q0  no  channel. 
At  a  river  the  symbol  relates  to  the 
entrance. 

Chap.  Chapel. 

Ch.  Church. 

(H  Coal  depot. 

f  Cocoa-nut  tree,  or  trees ;  [  f  ]  a  clump 
of  cocoa-nut  trees;  2  [f  ]  two 
clumps  do.,  and  to  on. 

Compass  symbol— See  Comport.  Signs,  8. 

crl  coral 

9  Danger,  dangerous;    99  dangerous  iu 
different  places. 
9Q  (no  danger)  safe. 

d  Days. 

Depth  of  water,  denoted  by  the  no.  under 
the  mark  — ,  as  l  four  fms. ; 
5  f,  3  feet 
The  depth  is  that  at  low  water.  The 
depth  relates  to  the  bar,  where 
there  is  one. 

Distance  is  expressed  in  leagues,  or  miles  i 
as  C.  Lookout,  rks.  1  I.,  implies  rks. 
1  league  from  the  Cape ;  9  2m.,  dan- 
gerous 2  miles  out ;  90  $m.,  no  dan- 
ger, may  be  approached  within  $  a 
mile ,  8?  $  c,  safe  at  A  a  cable  distances 
9  -^  2 1.  a  danger  NE.  2  leagues. 

Dk.  yd.  Dockyard. 

Dry,  or  above  water. — See  Comp.  Signs,  t. 

E  East.     E'  magnetic  E. 

Entrance. — See  Channel. 

extr.  Extreme,  extremity. 

F  after  a  light,  denotes  that  the  flame  hat 
a  fixed,  not  a  changing  appearance. 
—See  It 

F  denotes  a  It  (flame)  of  a  fixed  cha* 
racter,  but  only  shewn  occasionally. 
— See  General  Rules,  No.  4,  p.  399. 

Fl  after  a  It  denotes  flashes.— See  It. 

fl.  Flag. 

fl.  st  Flag-staff. 

Hd.  Head. 

D  D 
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k  High* 

ha  home. 

ham.  hummock. 

1.  Island. 

The  compass-symbol  after  an  island 
shews  the  direction,  or  lay,  of  the 
longest  diameter,  and  is  followed  hy 
the  length  of  this  diameter  in  league*, 
miles,  or  cables. 
Ex.  1.  %  3m.  denotes  NNW.  and 
SSE.  (true),  and  extending  3  miles. 
Ex.  2.     EW  6Am.  denotes  tying  E. 

and  W.  (true),  extent  6j  miles. 
Note.— These  hearings  are  all  TRUE. 
The  bearing,  though  given  to  %  points 
only,  is  near  enough  for  the  pur- 
poses required,  as  it  can  be  in  error 
only  1  pt  The  distance  is  noted 
with  more  or  less  precision,  accord- 
ing to  the  case,  and  is  not  always  to 
be  taken  as  an  exact  measure. 
When  the  extent  is  very  small,  the 
bearing  or  direction  is  omitted ;  as 
Rockal,  [2c],  or  2  cables  in  extent. 

I  after  a  light,  denotes  intermitting.— See  It 

Is.  Islands.  The  compass-symbol  and  dis- 
tance following  shew  the  extent  and 
general  direction  of  the  group,  as 
described  above  in  Id. 
The  number  after  Is.  denotes  the 
number  in  the  group,  as  Wallia 
Is.  9. 

I  Landing  (a  boathook,  the  hook  to  the 
ground)  ;  [0  no  landing  ;  H0  land- 
ing at  times  ;  |/  good  do.  •,  it  bad. 

L  Leagues.  When  a  number  of  leagues 
follows  next  to  the  name,  it  denotes 
the  number  of  leagues  tho  place  is 
visible — as  Tiger  L  17  1.,  denotes 
visible  17  leagues.  When  the  L 
stands  next  after  a  compass  indica- 
tion, it  implies  of  course  a  distance 
measured  in  the  given  direction ;  as 
Is.  ^  5  L,  islands  NW  5  leagues. 

/low. 

H.  light.  The  capital  letter  next  after  the 
light  denotes  the  character  of  the 
flume,  as  F  fixed,  I  intermittent,  R 
revolving,  Fl.  flashing  or  varied  by 
occasional  flashes,  or  rapid  change 
in  the  intensity. 
The  number  of  feet  (which  stands 
the  last  among  the  particulars 
of  the  light)  denotes  the  height  of 
the  lantern  or  flame  above  high 
water.  Where  this  is  not  known, 
the  range  in  miles  is  inserted. 
When  a  It  stands  on  a  summit,  the  ab- 
breviation sum.  is  inserted ;  when, 
therefore,  sum.  does  not  appear,  the 
It,  however  high,  is  usually  not 
on  the  summit 
H*.  The  compass  indication  and  no.  of 
feet  next  after  2  Its.,  denote  their 


bearing  and  dieL  asunder — the  spec* 
tator  looking  at  them  from  the  sea  \ 
thus,  the  Lizard  Its.,  lying  N  72°  B 
and  8  72°  W,  are  seen  in  one,  front 
a  ship  to  the  westward,  or  towards 
the  ocean,  in  the  direction  N  72°  E. 
Note.— These  hearings  are  all  TRUE, 
and  they  are  intended  to  afford  a 
means  of  determining  the  state  of 
the  compass  when  the  ship  is  in  a 
liue  with  the  2  Its.  in  one. 

m.  miles. 

After  a  shoal  or  danger,  denotes  the 
distance ;  as  rf.  3nx,  a  reef  $  miles 
distant 

mid.  middle. 

Mku  or  mk.  mar*. 

mo.  mouth. 

Mt  mount 

N  North.    N'  magnetic  N. 

f   Palm-tree. 

(  )  Parentheses,  contains  extra  or  addi- 
tional information. — See  p.  889. 

Passage.— See  Channel. 

Patch. — See  Compon.  Signs,  ft. 

Pen  ins.  Peninsula. 

P  People— or  peopled. 
£,  Uninhabited. 

F  People  of  favourable  character. 
P,— of  unfavourable  do. 

pk.  Peak. 

Pt.  Point,  being  part  of  a  name,  a*  Hart- 
land  Pt 

pt  point 

R  River.    After  a  It  denotes  revolving. 

r  red. 

rf.  Reef. 

Cf,  rf.  always  dry ;  r7,  rf.  always  co- 
vered ;  rf>  rf-  awash. 

r  Refreshments,  that  is,  vegetables,  fruit, 
and  meat 
As  fish  is  often  procurable  where  there 
are  neither  vegetation  nor  inhabit- 
ants, it  is  expressed  by  the  separate 
symbol  r,  denoting  r  under  the 
water. 

-^  Rising  gradually.  -*^  Rising  in  the 
middle,  as  I.  Fuerte. 

rk.  Rock. 

ik,  dry ;  rE,  sunken ;  r£»  awash. 
The  number  under  a  line,  a  s,  denotes 
the  depth  in  fms.  over  a  sunken  rk. 

rks.  Rocks;  a  compass  indication,  with  a 
number  of  miles  or  cables,  denotes 
the  extent,  as  described  under  Island. 

rky.  rocky. 

S  South.    S'  magnetic  S. 

V  -^  Saddle- shaped,  as  Huafo  L,  a  valley.— 
See  Sloping,  Rising. 

sd.  Sand,  or  sandy. 

This  quality  is  noticed  occasionally,  as 
sand  often  affords  water,  it  is  used  in 
cleaning,  and  turtles  lay  their  eggs 
in  sand. 
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fhl  Shoal.  A  compaa*  indication  with  m. 
or  a,  denotes  the  extent— See  la- 
land. 
The  number  under  a  line,  standing 
next  after  shl.  denotes  the  depth  of 
water  over  the  shoal,  as  Bidge  I. 

Shoal  patch.— See  Compon.  Signs,  No.  5. 

^.  Sloping  downwards,  as  Goose  Cape. 

^  1  Sloping  down  to  a  bluff. 

7"  Sloping  bottom,  or  change  of  soundinps 
gradual,  may  be  approached  with 
safety  by  attention  to  the  lead. 

Big.  st.  Signal  staff,  or  station. 

1  Steep,  or  precipitous  (not  absolutely 
vertical). — See  Component  Signs, 
1,2. 
Note. — This  is  quite  independent  of 
high.  A  headland  may  be  low  yet 
precipitous. 

T  Steep  to. 

St  Saint 


Sta.  Santa. 

Tel.  Telegraph. 

t  'free,    trees ;    [  t  ]  a  clump  of  trees  i 

3  [t]  two  clumps;  8  [t]  three 

dumps. 
f  well  wooded. 
♦  (A  tree  without  a  trunk),  brushwood. 
Vert.  Vertical. 

W  West.    W  magnetic  West 
w  Water  (for  drinking), 
w'  good  do.,  w,  bad  do. 
w0  no  water,  ww0  water  at  time; 
w  do.  (under  the  surface)  to  be  got  by 

Egging. 
The  bearing  and  dist  following  the  w 

point  out  the  place  with  reference 

to  the  position  given,  as  Koron  w* 

N.  2m.  denotes  good  water  North 

2m.  of  Koron. 
w,  wh.  whit*. 


The  following  examples  exhibit  the  method  :— 

Ex.  1.  Island,  #  7m.,  Au  1 0.  Oo^  $ '  SW  B,  w^,  P,.  An  island  tying  NE  and  SW, 
extending  ^  miles  ;  high ;  mo  trees ;  no  postage  to  the  eastward;  a  good  anchorage  on  the 
SW  side  in  &  fathoms ;  where  water,  scarce,  but  good,  is  to  be  found,  but  no  other  refresh- 
ments ;  the  people  of  bad  character. 

Ex.  2.  Paddeway  Bay,  Q  [5m.]  IB,  r,  80.  A  harbour  for  large  vessels,  extending  5 
miles,  having  10  fathoms  water ;  refreshments  to  be  had ;  no  dangers, 

Ex.  8.  8hoal,  *fe  4m.,  r±.  at  NW  end,  *>*>„  T,  U-  A  tnofli»  kl™9  WNW  and 
E8E  4  miles ;  a  rock  always  above  water  at  the  NW  end,  the  occasional  resort  of  birds, 
bold  to,  and  no  landing  on  it 

Ex.  4.  N.  Watcher,  small,  *,  (Omega  Shis.  ET>S'  ^m.,  d,  t)  It  B.  159f.  N. 
Watcher,  small,  well  wooded,  Light  Revolving  159  feet  high.  Omega  shls.  lie  EbS 
magnetic,  Jm.,  are  dangerous,  and  steep  to. 

Ex.  5.  Guaae  or  Kenn  I.,  ^  8m.  I,  t ,  7",  r,  W,  Pr  Low,ooTered  with  trees,  or 
wooded,  soundings  gradual,  refreshments,  water  to  be  obtained  by  digging,  people  oi 
bad  character. 

3.  Lights,  Characteristics,  Ac. 

The  lights  shewn  in  lighthouses  are  divided  into  several  classes,  Fixed, 
Flashing,  Revolving,  Occulting,  and  Alternating  (see  p.  925).  Thefixed  light 
maintains  the  same  appearance ;  the  other  classes  change,  some  alternating 
by  slow  degrees  between  bright  and  dim,  some  flashing  more  or  less  suddenly, 
and  others  varied  by  eclipses.  Colour  is  also  employed  partially  as  a 
means  of  distinction.  Lights  are  distinguished  from  each  other  also  by 
the  different  intervals  of  time  in  which  the  changes  succeed  each  other.* 

It  is  to  be  borne  in  mind  that  every  light  which  varies  its  lustre  is 
liable,  when  seen  from  a  distance,  to  become  altogether  invisible  during 
the  period  of  lesser  brilliancy  ;  that  is,  a  revolving  light  may  seem  to  be 
eclipsed.     Also,  elevated  lights  are  often  entirely  obscured  by  clouds. 

As  objects  painted  white  frequently  disappear  in  fog,  while  objects  of 
a  red  colour  remain  visible,  buildings  serving  for  marks  are  often  painted 
with  red  and  white  stripes,  or  bands. 

*  Seamen  are  generally  content  with  the  mere  fact  of  revolution  or  intermission,  and 
do  not  trouble  themselves  to  measure  the  interval  This,  therefore,  is  an  occasion  on 
which  it  is  very  useful  to  be  able  to  count  seconds,  for  all  persons  do  not  carry  seconds 
watches,  and  it  is  not  always  possible  for  the  same  person  to  hold  the  watch  to  a  lamp 
and  to  see  the  light  at  the  same  instant 
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The  lighthouse,  or  building,  being  useful  as  a  guide  by  day,  many 
lighthouses  are  accordingly  painted  in  order  to  answer  this  second 
purpose. 

All  the  distances  given  in  the  Admiralty  Light  Lists  and  on  the 
charts  for  the  visibility  of  lights  are  calculated  for  a  height  of  an 
observer's  eye  of  15  feet.  The  table  of  distances  visible  due  to  height, 
at  end  of  each  Light  List,  affords  a  means  of  ascertaining  how  much 
more  or  less  the  light  is  visible  should  the  height  of  the  bridge  be  more 
or  less.  The  glare  of  a  powerful  light  is  often  seen  far  beyond  the  limit 
of  visibility  of  the  actual  rays  of  the  light,  but  this  must  not  be  con- 
founded with  the  true  range.  Again,  refraction  may  often  cause  a  light 
to  be  seen  farther  than  under  ordinary  circumstances.0 

The  power  of  a  light  can  be  estimated  by  remarking  its  order,  as  given 
in  the  Light  Lists,  and  in  some  cases  by  noting  how  much  its  visibility  in 
clear  weather  falls  short  of  the  range  due  to  the  height  at  which  it  is 
placed.  Thus,  a  light  standing  200  feet  above  the  sea,  and  only  recorded 
as  visible  at  10  miles  in  clear  weather,  is  manifestly  of  little  brilliancy, 
as  its  height  would  permit  it  to  be  seen  over  20  m.  if  of  any  power. 

The  Admiralty  Light  Lists,  corrected  yearly,  should  always  be  con- 
sulted as  to  the  details  of  a  light,  as  the  description  in  the  Sailing  Direc- 
tions may  be  obsolete,  in  consequence  of  changes  made  since  publication. 


4.  Compass-names  of  Points  of  Land. 

Navigators  and  hydrographers  have  not  hitherto  adopted  any  constant 
rule  in  the  application  of  compass-name*  to  the  projecting  angles  of  land. 
Thus,  Krusenstern  says  (Mem.  Hydr.  ii.  p.  283),  "  The  north  point  of 
Owhyhee,  which  Vancouver  calls  the  west  point,"  Ac.  This  extreme 
diversity  of  expression  establishes  the  necessity  of  a  systematic  employ- 
ment of  such  terms. 

The  north  point  of  an  island  may  be  considered,  1.  as  that  point  which 
is  to  the  northward  of  the  middle  or  body  of  the  island ;  or,  2.  as  the 
northernmost  or  extreme  north  point.  In  a  circular  island  both  terms 
agree,  but  in  irregular  forms  they  are  ambiguous ;  thus  Krusenstern  calls 
the  S.  extreme  of  Atooi,  "  the  S.E.  pi,  probably  from  its  position 
S.B.-d  of  the  body  of  the  island. 

It  will,  perhaps,  be  admitted,  that,  in  a  purely  practical  subject,  such  a 

•  It  is  not  unlikely  that  a  light  may  be  found  sufficiently  powerful,  by  the  addition 
of  a  proper  reflector,  to  illuminate  the  clouds,  and,  in  a  fainter  degree,  the  atmosphere 
itself,  over  a  lighthouse.  The  pale  light  in  which  a  distant  town  appears  enveloped  at 
sight  |  the  distinctness  of  the  forms  of  the  clouds  over  a  large  city,  illuminated  by  its 
ordinary  lamps  j  and  the  vivid  glare  diffused  over  the  heavens  by  a  fire,  show  that  the 
atmosphere  renders  the  reflected  light  visible  at  a  considerable  distance.  It  is  merely  a 
question  of  intensity.  If  a  sunbeam  were  admitted  through  a  hole  in  the  earth  in  a  dark 
night,  it  would  appear  in  the  atmosphere  as  a  column  of  astonishing  splendour.  As  the 
light  suggested  would  have  a  conical  or  shaft-like  appearance,  and  would  exhibit  no 
flame,  its  proper  designation  would  be  a  shaft-light  The  shaft  might,  by  the  disposition 
of  the  reflector,  be  vertical,  or  inclined  seawards  or  landwards,  or  be  kept  in  motion, 
and  the  effect  would  be  a  great  relief  to  the  already  exhausted  resources  for  varying  the 
appearance  of  lights. 

This  idea  of  Raper*s  is  now  carried  out,  and  the  illumination  of  the  clouds  by  the  new 
Electric  Flashing  Light  at  Ushant  has  bean  seen  from  a  distance  of  70  miles. 


EXPLANATION  OF  THE  TABLES.  405 

grade  of  expression  should  be  selected  as  is  best  adapted  to  application. 
provided  no  error  be  thereby  involved.  But,  in  this  question,  both  efficacj 
in  practice  and  precision  of  language  concur  in  directing  the  use  of  terms 
according  to  their  absolute  significations.  Thus,  if  we  call  a  southerly  point 
of  Atooi  the  "  S.E.  pt.,"  we  leave  it  doubtful  whether  there  is  land  to  the 
southward  or  not ;  and,  therefore,  a  ship  could  not,  without  reference  to  the 
chart,  venture  to  run ;  but  if  we  call  the  south  point  by  the  proper  term,  this 
doubt  is  not  suggested,  since  the  word  <(  south  "  declares  that  no  other  part  of 
the  coast  projects  so  far  to  the  southward. 

Accordingly,  in  this  work,  the  compass-names  N.,  S.,  £.,  or  W.,  denote 
the  extreme  projecting  point  in  that  direction,  without  regard  to  the  figure  of 
the  rest  of  the  coast 

A  point  which  is  an  extreme  both  in  latitude  and  longitude,  as,  for  ex., 
the  S.E.  projecting  Cape  of  Samar  (Philippines)  we  call  what  it  is,  namely, 
the  South  and  East  extreme,  and  so  of  the  S.  and  W.,  N.  and  E.,  N.  and  W. 
points.  • 

[1.]  Ambiguou*  Terms. 

Another  case  in  which  serious  ambiguity  may  arise  from  the  want  of 
critical  rules  in  such  matters,  and  which  may  with  propriety  be  noticed  here, 
occurs  in  such  phrases  as  "the  Lizard  lights  in  one  clear  the  Manacles  to  the 
eastward."  This  is  intended  to  imply  that  the  ship  passes  to  the  eastward 
of  the  rocks  ;  but,  by  omitting  all  mention  of  the  ship,  the  bearing  might  be 
supposed  to  relate  to  the  rocks,  as  would  be  the  case  if  another  verb  were 
put  for  "cleared,"  as  "saw  the  M.  to  the  eastward,"  in  which  cases  the 
ship  is  clearly  to  the  westward.  If  the  sentence  ran  "  clear  the  ship  to  the 
eastward,"  no  obscurity  could  exist,  yet  "  clear  the  M.  to  the  eastward,"  also 
puts  the  ship  to  the  eastward.  There  must  be  something  very  defective  in 
an  expression  which  keeps  the  same  meaning  when  reversed. 

It  would  be  well  to  adopt  the  rule  that  the  bearing  specified  should 
relate  to  the  thing  mentioned,  and  not  to  anything  else  absent  or  under- 
stood ;  thus,  in  the  above  phrase,  the  term  "  eastward  "  should  be  held  to  relate 
to  the  rocks  and  not  to  the  ship,  just  as  in  "  clear  the  ship  to  the  eastward," 
it  relates  to  the  ship,  and  not  to  the  rocks. 

It  might  be  dangerous  to  force  a  reform  too  suddenly  in  technical  ex- 
pressions, however  vicious;  but,  on  the  other  hand,  no  expression  can 
maintain  its  ground  when  proved  to  be  wrong.  In  the  meantime  it  will  be 
proper  to  use  a  fuller  form  of  phrase,  such  as  "  clear  the  M .,  leaving  them 
to  the  westward."  In  the  course  of  time, "  leaving  them"  would  be  dropped, 
and  we  should  have  the  expression  in  its  correct  form,  the  bearing  relating 
to  the  thing  mentioned. 

Some  ambiguity  necessarily  attaches  to  the  word  "pass,"  because  it  is 
both  active  and  neuter ;  thus,  "  passing  an  island  to  the  westward,"  does  not 
altogether  declare  whether  the  ship  passes  to  the  westward  or  leaves  the 
island  to  the  westward. 

It  is  often,  in  like  manner,  a  matter  of  doubt  whether  bearings  given  in 
the  description  of  a  light  relate  to  the  light  itself  or  to  the  spectator :  thus, 
"a  light  obscured  from  N.  to  E."  may  mean  either  "invisible  from  the 
N.E.  quarter"  (that  is,  when  bearing  S.W.-d),  or  "  invisible  to  a  spectator 
in  the  S.W.  quarter"  (or  bearing  N.E.) 

This  ambiguity  is  removed  by  the  same  rule,  which  supposes  the  spec- 
tator always  in  the  centre  of  the  compass,  and,  therefore,  that  the  bearing 
specified  relates  to  the  point  mentioned.  The  above  phrase  should,  there* 
fore,  be  held  to  mean  the  light  invisible  when  bearing  between  N  and  E. 
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Table  11.    Plages  at  which  Docks,  Wkt  ob  Dry,  or  Slips,  vai 
bl  found,  bepaibs  made,  coal8  obtained,  &c. 

This  Table  has  been  corrected  from  the  most  recent  information.    For 
fuller  details  see  the  Admiralty  Dock  Book  for  1890. 


Tablb  12.    Nayigabli  Distances. 

This  Table,  in  former  editions,  afforded  the  means  ef  estimating  ap- 
proximately the  length  in  days  of  passages  from  port  to  port,  bnt  steam 
having  made  the  table  obsolete,  it  has  been  replaced  by  one  showing  the 
Navigable  Mercatorial  Distances  in  Nautical  Miles  between  the  Principal 
Ports  of  the  World,  arranged  geographically.  The  sailor,  knowing  the 
speed  at  which  his  vessel  can  be  driven  in  fair  weather  and  foul,  also  the 
probable  force  and  direction  of  the  winds  and  currents  he  is  liable  to 
meet  during  the  voyage,  will  be  able  by  Table  12  to  quickly  make  a  fair 
estimate  of  the  time  of  arrival  at  the  port  or  ports  to  which  he  may  be 
bound.0 

There  is  some  difficulty  in  giving  at  sight  the  distances  between 
ports  lying  in  different  oceans.  An  attempt  has  been  made  to  connect 
the  first-class  ports  by  inserting  auxiliary  tables  where  the  distances 
between  London,  Liverpool,  <fec,  and  the  Chinese  and  Australian  ports 
are  directly  given.  In  other  cases  a  little  addition  will  be  necessary. 
Care  nas  been  taken  to  give  prominence  to  the  great  corners  or  turning* 
points  of  the  world,  as  Gibraltar,  Aden,  Galle,  Cape  Leeuwin,  Pernambuco, 
Cape  Verde,  &c. 

The  Mediterranean  tables  are  connected  with  the  principal  ports  in 
both  hemispheres  by  tables  from  Gibraltar  and  Port  Said. 

Required  the  distance  between  Vera  Cruz  and  Brisbane  by  Cape  of 
Good  Hope ;  by  Cape  Horn ;  and  by  Suez  Canal ;  also  between  Genoa 
and  San  Francisco ;  and  Famagousta  and  Zanzibar. 


Vert  Cruz  to  Pernambuco 
Pernambuco  to  Cape  of  Good  Hope 
Cape  of  Good  Hope  to  Brisbane    . 

4,205 
3346 
6,680 

Vera  Crux  to  Pernambuco     • 
Cape  Horn  to          „              . 
Brisbane  to  Cape  Horn          • 

.    4^205 
.    3.289 
•    5,995 

'4^31 

«3489 

Vera  Cruz  to  Gibraltar  • 
Gibraltar  to  Port  Said  • 
Port  Said  to  Brisbane   •        . 

5.044 
1,920 
8,698 

Genoa  to  Gibraltar 
Gibraltar  to  San  Francisco    . 

.       852 

•  1 2,569 

15,66a 

13*421 

Genoa  to  Port  Said 
Port  Said  to  Hong  Kong 
Hong  Kong  to  San  Francisco 

M28 
6.465 
6,444 

Famagousta  to  Port  Said 
Port  Said  and  Zanzibar         • 

250 

.    3»'o8 

3.358 

14.337 

*  It  must  be  remembered  that  ships  in  sailing  or  steaming  round  the  world,  gain  a 
day  in  their  reckoning,  going  East ;  and  lose  «  day  going  West.  This  alteration  of  date 
may  be  attended  with  some  embarrassment  if  care  is  not  taken  to  insure  accuracy,  by 
referring  the  days  and  hours  of  departure  and  arrival  to  Greenwich  time  by  means  of 
the  Greenwich  Date  :  See  No.  481  and  "  Variation  of  Time  at  Sea,"  p.  354. 

A  short  rule  to  estimate  day  and  hour  of  arrival  for  steamships  crossing  the 
Pacific  Ocean  is :  Going  West :  Add  one  day  to  assumed  time  of  length  of  passage,  and 
subtract  the  Biff.  Long,  in  time  between  the  two  ports.  Going  East :  Subtract  one  da? 
from  assumed  time  of  passage,  and  add  the  Diff.  Long,  in  time. 
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Tabli  13.    Time  Signals. 

This  Table  shews,  for  all  parts  of  the  world,  where  the  Time  Signals 
are  made  from  which  the  error  of  the  chronometers  on  Greenwich  Mean 
Tine  can  be  obtained,  and  by  which,  if  the  length  of  stay  permits,  they 
can  also  be  rated.  For  more  detailed  information  see  List  of  Tim** 
SigDals,  published  yearly  by  the  Admiralty. 

Table  14.     Epacts  of  Years  and  Months. 

The  Table  contains  the  Epacts  for  certain  years,  and  for  the  first  day  of 
each  month. 

The  Epact  for  the  year  is  the  moon's  age  on  January  1st.  The  Epact 
for  the  month  is  her  age  on  the  first  day  of  the  month,  supposing  her  to 
change  on  January  1st  at  noon. 

As  a  mean  lunation  is  29*  12*  44*,  the  moon  describes,  in  365  days, 
twelre  complete  lunations,  and  10*  15h  of  the  thirteenth ;  hence,  on  each  1st 
of  January  her  age  is  10*  15*,  on  the  average,  more  than  on  the  preceding 
1st  of  January,  and  lld  15h  if  the  preceding  year  was  leap  year. 

Tablb  15.     Sbmi-Mbnstroal  Inequality. 

The  Table  contains  the  Semi-menstrual  Inequality  for  the  places  enu- 
merated. Its  use  is  shewn  in  the  examples,  p.  342.  The  Table  was  con- 
structed by  combining  together  the  several  semi-menstrual  inequalities  of  the 
places  specified,  together  with  a  few  observations  at  St.  Helena,  to  which 
place,  also,  the  Table  therefore  may  be  applied.* 

Tablb  16.  Risb  and  Fall  op  the  Tide. 

The  Table  shews  approximately  the  space  through  which  the  surface  ol 
rater  rises  or  falls  at  given  intervals  from  high  or  low  water.  It  is  entered 
jrith  the  said  interval  at  the  top,  and  the  range  for  the  day  at  the  side. 

Ex.  1.  It  if  high  water  at  a  dock-rill  at  i  ih  iom  a.m..  and  the  water  is  31  ft.  deep,  the 
range  is  14  ft. :  find  the  depth  at  nh  15"*.  From  nh  20"*  to  i2h  15™  is  55"  (or  ih)  ;  then 
ander  ik,  against  04  ft,  is  i*6,  which  is  the  foil  of  tide  in  ih,  and  being  subtracted  from 
31  ft,  leaves  29*4,  the  depth  required. 

Ex.  2.  It  is  low  water  at  4*  50"  p.m.,  and  the  depth  is  2  ft.  At  a  place  where  the  range 
Is  17ft  find  the  depth  at  8k  30".  3*  40"  and  17  giveii'4, which,  added  to 2,  gives  13  4, the 
depth  required. 

If  the  range  for  the  day  is  not  known,  a  rough  estimate  may  be  formed 
from  the  spring  and  neap  ranges, 

The  Table  may  serve  for  reducing,  approximately,  the  soundings  taken 
at  any  particular  time  of  the  tide  to  the  low-water  depth.  Thus,  the  depth 
10  feet  is  obtained  at  lh  50m  after  low  water :  the  range  between  this  low 
water  and  the  succeeding  high  water  is  1 1  feet ;  then  lh  50m  and  1 1  give 

*  I  am  indebted  for  this  useful  table  to  the  late  Mr.  Dessiou,  of  the  Hydrog.  Office, 
master  in  Her  Majesty's  nary,  who  wis  employed  at  the  Admiralty  in  reducing  the 

Kater  part  of  the  tide  observations  made  at  our  ports  for  many  years;  a  task  which 
.  Whewell  considers,  in  die  amount  of  labour  and  in  the  judgment  displayed  in  the  mods 
of  proceeding,  as  not  inferior  to  any  discussion  of  large  masses  of  astronomical  or  other 
sbservations  by  modern  calculators,  and  of  which  some  idea  may  be  formed  from  the  cb- 
ffcBMtanec  that  London  alone  furnished  13.000  observations. 
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0*8,  which,  deducted  from  10  feet,  leaves  9*2  feet,  the  reduced  low-water 
depth.  The  results  are  only  approximate.  It  has  been  remarked,  at 
least  at  some  places,  that  the  rise  and  fall  do  not  correspond,  and  that 
the  water  falls  more  rapidly  at  first.0  Care  must  be  taken  in  using  this 
Table  where  there  is  a  large  Diurnal  Inequality  (see  Nos.  926-928) . 

To  compute  a  Term,  With  the  time  from  high  or  low  water  as  a 
course,  and  the  Range  as  disk,  find  the  din*,  lat.,  and  subtract  it  from 
the  range ;  the  remainder  is  the  rise  or  fell. 


NAUTICAL   ASTRONOMY. 

REDUCTION  OP  THE  ELEMENTS  IN  THE  "NAUTICAL 

ALMANAC." 

These  Tables  are  used  in  the  rules  from  p.  205  to  p.  228. 

Tables  17  and  18.    Arc  and  Time. 

These  Tables  contain  the  corresponding  divisions  of  Time  and  Arc 
Their  use  has  been  exemplified  in  Nos.  570  and  572. 

Tabli  19.    Correction  of  thi  Sun's  Declination  at  Noon  at  Sea, 
for  Longitude  and  Time. 

This  Table  contains  the  correction  for  the  sun's  declination  at  noon,  as 
taken  out  of  the  Naut.  Aim.  or  Table  60,  for  reducing  it  to  any  other  long, 
than  that  of  Greenwich,  or  to  any  other  hour  of  the  day  than  noon.  The 
correction  is  the  variation  of  the  declination,  and,  as  it  depends  chiefly  on 
the  declin.  itself,  the  declin.  is  employed  as  the  argument  instead  of  the 
day  of  the  month. 

The  Table  is  entered  with  the  declin.  at  the  top,  and  the  Long.,  or  the 
time,  at  the  side.     See  examples,  No.  579. 

Table  20.    Correction  or  the  Equation  of  Time  at  Noon,  at  Sea, 
for  Longitude  and  for  Time. 

The  Table  is  entered  with  the  daily  variation  at  the  top,  and  the  longi- 
tude, or  the  time,  at  the  side;  the  correction,  in  the  body  of  the  Table,  is 
in  seconds  of  time.     See  the  examples,  No.  583. 

Table  21.    For  reducing  Daily  and  12-hourlt  Variations^ 

This  Table  shews  the  proportional  part  for  each  half-hour  of  the  24*, 
or  each  15m  of  the  12b,  corresponding  to  any  daily  or  12-hourly  variation 
from  1'  to  8C,  or  1"  to  30". 


*  With  inch  irregularity  will  alio  be  taken  that  called  tide  andhafftid*,  in 
placet  where  the  fall  of  the  water  is  checked  about  half  ebb,  and  a  temporary  rise  takes 
place,  as  in  the  superior  height  of  the  night  tides  in  the  river  Colombia,  observed  by  Sir 
R.  Belcher. 

t  For  the  darign  of  this  very  convenient  table  I  am  indebted  to  Capt.  W.  Ramsay,  RJL 
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When  the  variation  exceeds  30,  take  the  parts  for  30  and  for  the  excesj 
above  30. 

Consider  minutes  of  time  above  0m  or  30m  as  hours,  and  write  the  miu.  of 
Ihe  proport.  part  as  seconds,  and  the  seconds  as  thirds. 

Examples  are  given  in  No.  580,  and  many  others. 

For  extreme  precision,  the  even  columns  (2',  4',  &c.)  only  must  be  used, 
bepause  the  odd  columns  are  often  0"*05  in  defect,  as  are  all  those  for  30". 

The  Table  serves  for  reducing  the  R.A.  and  Decl.  of  the  sun  and  planets, 
the  Equation  of  Time,  the  Moon's  Horizontal  Parallax,  and  Semi-diameter ; 
and  also  for  various  other  purposes,  as  proportioning  for  the  rate  of  a  watch, 
the  drift  of  a  current,  &c. 

TaBi^.  21  A.   Logarithms  por  reducing  Daily  Variations. 

This  Table  contains  logarithms  for  reducing  24-hourly  variations.  Its 
ose  is  described  in  No.  597  (2). 

To  compute  a  Term.  From  tne  const.  3'15836(  the  log.  of  1440,  the 
number  of  min.  in  24*,  or  of  seconds  in  24m)  subtract  the  log.  of  the  giren 
time  or  arc ;  read  hours  or  degrees  as  min.,  and  min.  as  seconds. 


Ifix.  1.    Find  the  Log.  for  nk  a8». 

Const     3*1584 

ii"28«-688«log.    2*8376 

Loo.  req.    0*3208 


Ex.  2.    Find  the  Log.  for  21'  2/ 
Const.      3*1584 
21' 27"  «  1287"  log.     3*  1096 
Log.  req.    00488 


Table  22.   For  reducing  the  Moon's  Declination. 

The  Table  is  entered  with  the  difference  for  10m  (from  the  Naut.  Aim.) 
it  the  top,  and  the  minutes  of  the  Greenwich  Date  at  the  side. 

Ex.    Green.  Date,  iih27ID,  Diff.  for  io»f  136". 

27*  and  130*  5*  51' 
6  i6*2 

Proportional  Part  6     7*1 

The  parts  may  be  taken  out  to  the  seconds  of  the  Greenwich  Date  by 
reading  minutes  as  seconds,  and  seconds  as  thirds. 

Table  23.    Acceleration. 

This  is  the  change  of  the  sun's  mean  Right  Ascension  in  a  mean  solar 
day.  It  is  employed  in  reducing  the  Sidereal  Time  at  mean  noon  to  the 
Green.  Date,  and  in  converting  Mean  Time  into  Sidereal  Time. 

The  Acceleration  is  itself  a  portion  of  Sidereal  Time. 

Table  24.    Retardation. 

This  is  the  change  of  the  sun's  mean  Right  Ascension  in  a  sidereal  day. 
It  is  employed  in  converting  Sidereal  Time  into  Mean  Time. 
The  Retardation  is  itself  a  portion  of  Mean  Time. 
For  examples  of  the  use  of  these  two  Tables,  see  Nos.  585,  602,  Ac. 

Table  25.   For  pinding  the  Equation  of  Second  Differences. 

The  use  of  this  Table  is  described  in  No.  599.  The  column  headed 
1*  (which  may  be  read  1°  or  1')  is  adapted  to  all  tables  in  which  tbe 
intervals  are  sexageeimaUy  divided. 
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To  compute  a  term.  Multiply  half  the  difference  between  the  Tabula! 
Interval  and  the  proposed  Interval  by  the  latter,  and  divide  the  product  br 
the  square  of  the  Tabular  Interval. 

V2.    Tabular  Intern]  nh,  Proposed  Interval  5h  40",  or  $*-*> 
Tab.  Int. 


Propoaad        5*7 
HalfDiff.       31 


then  3*1*5*7  -  o-i»i7,  the  mmltipKfr. 


TIMES  OF  CERTAIN  PHENOMENA. 
These  Tables  are  employed  in  the  methods,  p.  205,  &c> 

Table  26.   Apparent  Time  of  the  Sun's  Rising  and  Setting.* 

The  Table  is  entered  with  the  Latitude  at  the  side,  and  the  Sun's  De- 
clination, at  the  top>  when  these  are  of  the  same  name ;  but  at  the  bottom 
when  of  contrary  names.  Thus,  in  lat.  31°  N.,  the  sun,  when  in  4°  S.  decl., 
rises  at  6h  10m  a.m.,  and  sets  at  5h  50m  p.m. 

This  is  the  Civil  Time  of  the  rising  or  setting  of  the  sun's  centre,  to  the 
eye  at  the  level  of  the  sea,  and  without  the  atmosphere.  For  greater 
exactness  see  No.  638. 

To  compute  a  Term.     See  Nos.  620,  621. 

Table  27.   Approximate  Apparent  Times  of  the  Meridian  Passages 
of  the  Principal  Fixed  Stars. 

Table  27  A.  Correction  of  the  Times  in  Table  27. 

The  times  are  given  in  Table  27  for  the  1st  of  each  month,  and  the 
meridian  of  Greenwich.  To  find  the  time  of  passage  for  any  other  day,  sub- 
tract  the  portion  of  time  corresponding  to  the  day  of  the  month  in  Table  27  A 
from  the  time  in  Table  27.     For  an  ex.  see  No.  625. 

The  Table  is  adapted  to  1902,  but  will  be  within  2m  for  many  years. 

Table  28.     Correction  or  the  Moon's  Meridian  Passage. 

The  Table  is  entered  with  the  Daily  Variation  at  the  top,  and  the 
Longitude  at  the  side. 

The  Daily  Variation  in  W.  long,  is  the  difference  between  the  time  of 
the  moon's  transit  on  the  given  day  and  the  next ;  in  E.  long,  it  is  the 
difference  between  the  moon's  transit  on  the  given  day  and  the  day  before. 

In  W.  long,  add  the  correction  to  the  time  of  meridian  passage  on  the 
given  day ;  in  E.  long,  subtract  it. 

•  This  is  the  apparent  (not  mean)  time  of  the  true  (not  the  visible)  rising  ear  setting. 


24th 
23d 
Daily  Var. 
Corr.  for  13a0  E 

2Ih  29" 

20_j9 

S£ 

-18 

21    29 

21    11 

Tims  req. 

9    II  A.M. 
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Ex.  1.   May  9th,  1870,  long.  51°  W.i  Ex.2.   July  25th,  1870,  long.  13s0  E.: 

Wquired  the  time  of  the  Moon's  Mer.  Pais.        required  the  time  of  the  Moon's  Mer.  Pair. 

Mer.  Pass.  N.A.  9th  7*  17" 

10th  8     9 

Daily  Var.  52 

C^rr.forsi°W.  7 

7    '7 
Tins  req.  7  24  p.m. 


Table  29.    Hour- Angle  and  Altitude  of  a  Body  upon  the  Prime 

Vertical. 

The  Table  is  entered  with  the  Declination  at  the  top,  and  the  Latitude 
(of  the  same  name)  at  the  side. 

Ex.  Lat.  500  and  0's  Declin.  io°,  gire  his  Hour- Ancle  <*  26-,  and  AH.  i3°'2v  or 
130  12'. 

The  alt.  which,  partly  for  space  and  partly  for  distinction,  is  noted  to 
die  nearest  0°*1,  or  6',  will  not  be  in  error  on  this  account  more  than  8'. 
Thus  the  alt  13°1,  which  is  properly  13°  6',  may  be  between  18°  3'  and 
13°  9* ;  but  13°  2'  is  13°-0,  and  13°  1C  is  13°-2.  Hence,  taking  13°-1  as 
13°  6'  cannot  entail  an  error  exceeding  3'.     The  error  will  generally  be  lets. 

This  alt.  being  the  true  alt,  the  sun  or  a  star  will  pass  the  prime  vertical 
at  an  alt.  greater  than  the  alt  given,  by  the  diff.  between  the  true  and  obs. 
alts. ;  the  moon,  on  the  contrary,  at  a  ieseer  alt,  by  this  amount 

As  no  star  of  which  the  declin.  is  greater  than  the  lat.  passes  the  prime 
vertical,  such  cases  do  not  appear  in  the  table. 

The  Table  shews  at  once,  roughly,  the  effect  of  an  error  of  1°  of  lat.  in 
determining  the  time  by  a  single  altitude  in  the  most  favourable  case. 

Ex.  Lat.  450  N„  Decl.  30  N.,  the  times  are  the  same  for  3°  or  40  of  latitude ;  that  is, 
a  gross  error  of  lat.  is  of  no  consequence  in  computing  the  time  of  passage.  But  if  the 
body  have  230  of  declin.  an  error  of  i°  of  lat  will  cause  an  error  of  3"  or  4m  in  that  time. 

By  reversing  the  lat.  and  declin.,  the  hour-angle  and  altitude  become 
those  of  a  body  at  its  greatest  elongation,  or  azimuth,  from  the  pole. 

To  compute  the  Hour-angle,  see  No.  619.  To  compute  the  A  lt.9  Bee 
No.  665. 


ALTITUDES. 
These  Tables  are  used  in  the  rules,  p.  230,  &c 

Table  30.    Apparent  Dip  or  the  Sea-Horizon. 

This  is  the  angular  depression  of  the  sea-horizon  below  the  true  level, 
in  ordinary  states  of  the  atmosphere,  and  when  the  sea  and  air  rre  of 
•qua!  temperature. 
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The  apparent  dip  is  the  true  depression  (Table  8),  diminished  by 
about  -fLf  of  itself.  As  this  correction  varies  with  the  state  of  the  air 
near  the  horizon,  altitudes  taken  at  sea,  especially  low  altitudes,  are 
not  to  be  depended  on  where  great  accuracy  is  required.     See  No.  208. 

Table  31.     Mean  Astronomical  Refraction 

The  Refraction  is  given  Cor  the  barometer  at  30  inches,  and  Fahrenheit  • 
thermometer  at  50°,  according  to  Ivory.*     The  diff.  to  10'  of  alt.  is  inserted. 

Ei.  1.    The  refraction  at  ao°  it  »'  39' . 

Ex.  2.    The  refr.  to  the  alt.  3  8°  35*  it  1'  if},  deducting  *2,  or  1'  13^1. 

The  tenths  of  seconds  are  omitted  at  altitudes  below  35°,  on  account  of 
the  uncertainty  at  low  altitudes. 

To  find  the  Refraction  approximately.  With  the  alt.  as  course  and  dep. 
58>  find  the  D.  Lat. ;  this  is  the  refraction  in  seconds.  For  the  refr.  is  pro 
port  nearly  to  the  tang,  of  the  zen.  disk,  and  is  58**2  at  zen.  dist.  45° 

Ex.    Alt.  10",  as  courie,  and  Dep.  58,  pre  319",  or  5'  29",  the  refr.  required. 

Table  32.     Correction  op  the  Mean  Rbpraction  por  the  Heiort 
op  the  thermometer.f 

The  Table  is  entered  with  the  Alt  at  the  top,  and  the  degree  of  Fahren- 
heit's therm,  at  the  side.  When  the  therm,  is  below  50°,  the  correction  is 
added  to  the  mean  refr. ;  when  above  50°,  it  is  subtracted. 

Ex.  Alt.  170  10',  therm.  72°;  the  corr.  if  8",  which,  subtracted  from  the  mean  refr., 
j*  7".  gives  the  true  refraction  2'  59". 

To  find  the  Correction,  nearly.  Multiply  the  mean  refraction  in  seconds 
by  2,  and  by  the  difference  between  the  height  of  the  therm,  and  50°,  and 
divide  the  product  by  1000. 

Ex.  Alt  50,  therm.  3S'.  The  mean  refr.  9'  54",  or  594",  mult  by  2  and  by  11,  if 
14156,  and  this  divided  by  1000  gives  14". 

Table  83.    Correction  op  the  Mean  Refraction  for  the  Height 
op  the  Barometer. 

The  Correction  is  given  to  each  tenth  of  an  inch.  The  Table  is  entered 
like  Table  82.  When  the  barom.  is  above  80  inches,  the  correction  is  to  be 
added  ;  when  below,  subtracted. 

Ex.    Alt  1 70  10',  barom.  29*2  in. ;  the  corr.  is  5",  and  true  refr.  3'  *'  • 

To  find  the  Correction.  Multiply  the  mean  refr.  in  seconds  by  the  dif- 
ference between  the  height  of  the  barom.  and  80  inches,  and  divide  the 
product  by  80. 

Ex.    (Above.)    3'  7",  or  187*,  mult  by  «8,  and  divid.  by  30,  gives  5". 

*  The  refractions  now  used  by  astronomers  are  those  according  to  D  est  el.  Iiory*» 
exceeds  these  by  0*9"  at  alt.  45°,  by  T  at  alt.  20°,  and  5"  at  alt.  10°.  The  difference  of  the 
tables  is  scarcely  worth  a  more  extended  notice. 

t  This  correction  involves  the  term  -r-  (c-50°).    The  term  -y—  (p— 80)  it  omitted 

or  v>p 

as  insensible.  —Phil.  Tratui.  1823,  p.  476. 
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Tablp  34.    The  Suit's  Parallax  in  Altitude  and  Sbmidiamitbe. 

These  are  given  for  convenience  on  some  occasions,  but  not  for  extreme 
precision. 

To  compute  the  Sun's  Parallax  in  Altitude.  Take  the  hor.  par.  in  the 
Naut.  Aim.  as  dist.,  and  find  the  D.  Lat.  to  the  app.  alt.  as  coarse. 

Tablh  35.    Dip  of  a  Shobi-Hobizon. 

Tho  Table  shews  the  Apparent  Dip  to  be  used  instead  of  the  dip  in 
Table  30,  when  the  distant  sea-horizon  cannot  be  seen,  and  the  altitude  is 
observed  from  the  water-line  on  the  beaoh.  The  distance  of  this  line  may 
either  be  estimated  nearly,  as  it  is  always  less  than  the  true  dip  due  to  the 
height  of  the  eye  (Table  8),  or  it  may  be  found  by  the  method  No.  550. 

To  compute  a  Term.  Take  the  diff.  between  the  depr.  to  the  eye 
(Table  8)  and  the  dist.  of  the  beach-line,  and  divide  by  twice  this  last ;  add 
the  quotient  to  the  app.  dip  in  Table  30. 

Table  36.» 

This  Table  contains  the  scales  of  the  Centigrade  and  Reaumur  ther- 
mometers, corresponding  (approximately)  with  that  of  Fahrenheit. 

The  sero  of  the  two  former,  or  the  freezing  point  of  water,  being  32°  of 
of  Fahr.,  and  their  boiling  points  100°  and  80°  respectively,  while  that  of 
fahr.  is  212° ;  the  following  rules  are  derived  for  the  conversion  of  the 
scales. 

To  convert  the  Centigrade  into  Fahrenheit.  Multiply  the  degrees  of  the 
Centigrade  by  9,  and  divide  the  product  by  5.  When  the  Centigrade  degrees 
are  above  0,  add  32°  to  the  quotient ;  when  below  0  (or  marked  — ),  sub- 
tract it  from  32°. 

To  convert  Reaumur  into  Fahrenheit  Multiply  the  degrees  by  9,  and 
divide  the  product  by  4.     Apply  the  quotient  as  directed  above. 

Ex.  Ccntig.  —  n*7,  And  Fahr.  117  x  9  ■•  1053,  this  «+■  5  —in,  which  tuktracttd 
from  3s0  gires  io°*9. 

To  extend  the  Table.  For  the  Centigrade  add  0-555,  &c,  and  for 
Reaumur  0-444,  &c,  for  each  1°  of  Fahr. 

Table  37. 

This  Table  contains  the  English  measures  corresponding  to  the  Metre, 
Kilomttrt,  Decimitre,  and  MiUtmttreA  See  p.  380.  Thus  30  centim.  are 
11*81  inches;  3  kilora.  are  1*618  nautical  miles. 

The  barometer  scale,  in  English  inches,  and  millimetres  (approximately), 
is  annexed. 

To  reduce  the  French  to  the  English  barometer  scale.  Divide  the  rail- 
lim&tres  by  25*4,  the  quotient  is  the  number  of  English  inches  required. 

*  Aj  numerous  valuable  works  relating  to  Navigation  are  published  by  the  French,  sad 
as  other  Continental  nations  frequently  employ  the  language  of  that  country  in  hydrographic 
documents,  Tables  36  and  87  ait  added,  for  the  ready  reduction  of  such  French  measurea 
as  most  frequently  occur. 

f  The  quantities  are  taken  from  the  Anttmairf,  for  1846.  The  metre  is  the  lO-arilboatb 
part  of  the  quadrant  of  a  meridian. 
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When  the  French  scale  is  given  in  inches  and  lines  (or  12ths  of  an 
inch),  multiply  the  inches  by  1*065,  the  product  is  English  inches. 

To  extend  the  barometer  scale,  add  2*54  millimetres  for  each  0*1 
of  an  inch. 

Table  38.    Corrections  of  Altitude  or  the  Sun  and  Star*. 

The  Table  contains  the  gross  corr.  of  alt.,  or  the  corrections  enume- 
rated in  No.  644,  exclusive  of  index  error,  to  the  nearest  tenth  of  a 
minute,  using  Bessel's  Mean  Refractions. 

For  examples,  see  No.  648. 

Table  39      The  Moon's  Correction  op  Altitude. 

The  Table  contains  the  Correction  to  each  minute  of  horizontal  parallax 
and  every  10'  of  alt. ;  for  the  barom.  30  inches,  and  Fahrenheit's  therm.  50°. 

Ex.    The  corr.  to  app.  alt.  150  30'  and  hor.  par.  $&t  *•  5°'  3>^ 

For  seconds  of  parallax.  Look  among  the  columns  on  the  right  side  ol 
the  page,  and  against  the  alt.,  and  take  out  the  seconds,  which  add  to  the 
correction. 

For  minutes  of  altitude.  Take  the  seconds  from  the  extreme  right  ol 
the  page,  and  apply  them  as  there  directed. 

Ex.    Moon's  App.  Alt  350  37',  Hor.  Par.  5/  34" ;  find  the  Correction  of  Altitnde. 

350  30'  and  57'  45'    3* 
3*  ,  parti  16 1 

Y  parts,  -4/  2»_ 

ConmsoT.  req.  45  %$ 

To  correct  for  the  Barom.  and  Therm.  Take  the  corrections  from 
Tables  32  and  3d,  but  apply  them  to  the  correction  of  alt  the  contrary  wag 
to  that  directed.     Ex.,  No.  655. 

To  compute  a  Term.  Correct  the  app.  alt.  (of  the  centre)  for  refraction 
To  the  log.  sec.  of  this  alt  add  the  prop.  log.  of  the  horizontal  parallax ;  the 
sum  is  the  prop.  log.  of  the  parallax  in  alt  From  this  subtract  the  refrac- 
tion ;  the  rem.  is  the  correction  of  alt. 

The  Table  does  not  give  the  correction  with  precision  at  low  alts.* 

Table  40.    Corresponding  Horizontal  Parallax  and  Senidiambtei 

of  thr  Moon. 

As  these  two  elements  are  generally  required  together,  the  Table  renders 
it  necessary  to  reduce  the  parallax  alone  to  the  Greenwich  Date. 

Table 41.   Diminution  of  thr  Moon's  Horizontal  Parallax  for  thr 
Spheroidal  Figure  of  the  Earth.  » 

The  Table  is  entered  with  the  Horizontal  Parallax  at  the  top  and  the 
Latitude  at  the  side ;  the  seconds  corresponding  are  to  be  subtracted  from 
the  equatorial  hor.  par. 

The  compression  employed  is  3^. 

*  In  all  these  tables  of  refraction  the  eye  is  supposed  at  the  level  of  the  sea ;  when  tat 
observer  is  at  very  great  elevations,  lov  altitudes  cannot  be  corrected  with  precision  by  tfc* 
tables  in  common  use.    The  refractioi  is  in  such  cases  too  great. 
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Table  42.    Augmentation  op  the  Moon's  Semidiametb*. 

The  Table  is  entered  with  tbe  Moon's  Semidiameter  at  the  top  and  hei 
Altitude  at  the  side ;  tho  seconds  corresponding  are  the  excess  by  which  hei 
apparent  semidiameter  at  her  actual  altitude  exceeds  that  at  which  it  woulc* 
appear  if  seen  from  the  centre  of  the  earth.     See  Nos.  489  and  440. 

Tables  46  and  44.    For  converting  True  into  Apparent 
Altitudes. 

These  contain  the  further  correction  necessary  in  reducing  a  true  to  an 
apparent  altitude,  after  adding  the  refraction  and  subtracting  the  parallax 
See  Nos.  657  and  658. 

Table  45.     Parallax  op  the  Planets  in  Altitude. 

The  Table  is  entered  with  the  Planet's  Horizontal  Parallax  at  the  top, 
anc  its  Altitude  at  the  side ;  and  the  corresponding  seconds  takeu  out. 

To  compute  a  Term.  Enter  the  Traverse  Table  with  the  alt.  as  course 
and  the  hor.  par.  as  disk,  and  take  out  the  D.  Lat 

Table  46     Azimuth  corresponding  to  the  Change  op  Altitude 

in  lm  op  Time. 

The  Table  shews  the  Change  of  Altitude  in  lra  of  Time  at  any  Azimuth 
in  Latitudes  below  66°.     The  azimuth  is  reckoned  either  from  N.  or  S. 

Ex.  la  kt.  500,  at  the  azim.  400,  reckoned  either  from  N.  or  8.,  the  change  of  alt  in 
i"  ia  &  and  some  seconds. 

The  Table  shews  also,  roughly,  the  true  bearing  when  the  change  of  alt 
in  lm  is  given.     See  also  No.  677. 

The  column  of  6'  limits  the  azimuth  for  finding  the  time*  No.  778. 


LATITUDE. 
These  laoies  are  employed  in  the  rales  in  Chap.  V.,  p.  243. 

Table  47.    Limits  op  the  Reduction  to  the  Meridian  at  Sea. 

This  Table  shews  how  long  before  or  after  noon  the  sun's  altitude  may 
be  observed,  so  that  the  Reduction  shall  not  be  in  error  more  than  2*  when 
the  time  is  lm  in  error.  The  Table,  therefore,  shews  the  Limits  of  this 
method  for  common  practice  at  sea. 

If  the  time  be  in  error,  or  doubtful,  2™,  3m,  &c,  the  Reduction  will,  at 
the  limits,  be  in  error,  or  doubtful,  4\  6',  &c.  In  like  manner,  if  the  error 
of  time  be  less  than  lm,  that  of  the  Reduction  will  be  less  than  2/,  in  the 
mme  proportion. 

If  the  time  is  doubtful  2m,  3m,  &c,  and  we  require  that  the  error  of  the 
Reduction  shall  not  exceed  2\  we  must  take  for  the  limit  J,  $♦  &c,  that  set 
down  ;  thus,  if  in  lat  48°  N.,  decl.  10°  N.,  the  time  be  doubtful  Sm,  we  must 
take  the  alt  viithin  £  of  28ir,  and  that  is,  9m  from  noon. 
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When  the  time  from  noon,  of  observation,  exceeds  the  limit*  set  dowa, 
the  error  of  the  Reduction  (caused  by  lm  error  in  the  time)  will  exceed  2 
in  the  same  proportion  ;  thus,  in  the  above  case,  if  the  alt.  be  observed  56* 
from  noon,  the  error  of  1"  in  the  time  will  cause  4'  error  in  the  Redaction. 

The  time  in  the  Table  is  that  hour-angle,  nearly,  at  which  the  number 
of  minutes  (of  time)  is  equal  to  the  number  of  minutes  (of  arc)  in  the 
Reduction. 

To  find  this  Hour- Angle.  To  the  constant  0*4771,  add  the  log.  from 
Table  70 ;  the  sum  is  the  prop.  log.  of  the  hour-angle  required,  in  time.* 

Table  48.     Value  or  the  Reduction  at  which  the  Second 
Reduction  amounts  to  1'. 

The  Table  contains,  against  each  Mer.  Alt.  under  85°,  that  value  of  the 
Reduction  at  which  the  2d  Reduction  amounts  to  1' ;  and  therefore  shews 
whether  it  is  necessary  or  not  to  compute  the  latter. 

Ex.  Sappose  the  mer.  alt  68°  and  the  (first)  Red.  computed  to  be  47',  then  the  error  ot 
omitting  the  2d  Red.  cannot  amount  to  i' ;  but  if  the  1st  Red.  were  54',  the  omission  of  tb* 
2d  Red.  would  came  an  error  of  more  than  1'. 

One  eighth  of  the  quantity  in  this  Table  is  that  (1st)  Reduction  at 
which  the  2d  Red.  amounts  to  1". 

Thus,  in  Ex.  No.  707,  p.  252,  the  mer.  alt  it  6o°,  the  rals*  of  the  1st  Rod.  in  the 
Table  is  iJ  3',  i-Sth  of  which  is  **;  hence,  if  the  Red.  exceed  ?•  the  2d  Red.  will 
exceed  i". 

To  compute  a  Term.  To  the  constant  6-7648  (the  sin.  of  ?),  add  the 
log.  cot.  of  the  mer.  alt ;  half  the  sum  (preserving  10  in  the  index)  is  the 
log.  sine  of  the  reduction  required. 

Ex.  Const.  67648 

Mer.  ah.  6o°  50'  cot.  9-7467 

2)16511$ 
Ran  required  i°  a'  log.  sin.  8-2557 

To  find  the  time  from  noon,  or  the  hour-angle,  to  which  this  (1st) 
Reduction  corresponds :  from  the  log.  sine  of  the  Red.  subtract  the  log.  vu 
Table  70,  the  remainder  is  the  log.  sine  square  of  the  time  or  hour-angle 
required. 

Ex.  1.  Lat.  6o°  N.,  dec!.  140  N.  (mer.  alt.  440),  Red.  1°  24';  8-388-0-130 -8  258. 
Ihe  sin.  sq.  of  Ik  I"  53',  tbe  hour-angle  required. 

Ex.  3.     Lat.  290  N.,  decl.  170  S.  (mer.  alt.  44*),  Red.  1°  24',  gives  o*  47*  3». 

These  precepts  concerning  the  Reductions  are,  of  course,  merely 
approximations  near  enough  in  practice. 

Tables  49  and  50.    Fob  computing  the  Reduction  to  the 
Meridian  in  Seconds.    See  No.  707. 

The  seconds  forming  part  of  the  1st  Reduction  (Table  49)  are  taken  out 
to  the  min.  and  sec.  of  the  hour-angle.  When  the  sun  is  observed  in  the 
forenoon,  the  Table  is  entered  with  the  time  from  midnight,  for  convenience. 

*  Mr.  Towson  has  constructed  oonrenient  tables  for  reducing  an  alt  observed  near  the 
merid.  to  the  mer.  alt.f  which  are  published  by  the  Hydrographic  Office  (J.  D.  Potter,  agent). 


EXPLANATION  OF  THE  TABLES.  417 

The  seurnds  for  the  2d  Reduction  (Table  50)  are  taken  out  for  the 
sour-angle  to  the  nearest  10s. 

To  compute  a  Term  in  Tabic  49.  To  the  const.  5*615455,  add  the  log. 
<une  square  of  the  hour-angle ;  the  sum  is  the  log.  of  the  number  of  seconds. 

To  compute  a  Term  in  Table  50.  To  the  const.  5*6155  add  twice  the 
fag.  sine  sq.  of  the  hour-angle ;  the  sum  is  the  log.  of  the  2d  Red. 

Ex.    Find  the  Redaction,  and  also  the  2d  Red.,  in  seconds,  for  the  hour-angle  28*4* 


Const  5*61545 
A.  Ang.  28* 4f  sin.  sq.  7*57341 
Rkduct.  i544*-8  log.  3*18886 


Const.  5*615 

sin.  sq.  x  %      5*147 

2d  Rbd.  5"* 8         log.    0*762 


Table  51.  Correction  op  the  Altitude  of  the  Pole-Star  at  Sea. 

The  Table  is  entered  with  the  Altitude  of  the  star  at  the  top,  and  the 
Right  Ascension  of  the  Meridian  at  the  side.  The  quantity  taken  out  is  to 
be  applied  to  the  star's  true  alt  as  directed,  ex.  No.  773. 

The  last  column  contains  the  variation  in  ten  years,  which  is  always  sub  • 
tractive  from  the  correction  in  the  Table. 

As  the  observation  at  sea  is  imperfect,  the  correction  has  been  computed 
(o  whole  minutes  only. 

The  quantity  is  the  D.  Lat  answering  to  the  star's  hour-angle  as  course 
and  77 'as  dist.  (the  stai's  pol.  dist.  in  1890),  together  with  a  second  correction 
computed  in  No.  774.* 

Table  52.  Reduction  of  the  Latitude. 

This  is  the  difference  between  the  latitude  as  actually  found  by  any 
jstronomical  observation  and  what  it  would  be  if  the  earth  were  a  sphere, 
which  last  is  called  the  geocentric  latitude. 

To  reduce  the  lat.  by  observation  to  the  geocentric  latitude,  subtract  the 
reduction  of  latitude. 

This  quantity,  which  is  also  called  the  angle  of  the  vertical,  is  0  at  the 
equator  and  at  the  pole,  and  is  greatest  in  lat.  45°. 

The  compression  assumed  is  jfo ;  that  is,  the  polar  radius  is  supposed  to 
be  shorter  than  the  equatorial  radius  by  y£g  of  the  latter. 


LONGITUDE. 
These  Tables  are  employed  in  the  methods,  Chapter  VII.  p.  297 

Table  53.   Correction  of  the  Lunar  Distance  for  the  Contraction 
of  the  Vertical  Sbmidiameter. 

The  Table  is  entered  with  the  Alt.  at  the  top  and  the  Angle  contained 
between  a  plumb-line  through  the  body,  and  the  line  joining  the  other 
body.t    See  No.  852. 

*  The  Nautical  Almanac  method  strongly  recommended. 

f  The  argument  in  this  table,  in  the  usual  form,  is  the  angle  which  the  semidiameter  in 
the  direction  of  the  other  body  makes  with  the  horizon 5  but  it  is  difficult  to  imagine  the 
horizon  where  it  is  not,  whereas  the  plumb-line  is  an  absolute  standard  everywhere. 

E  E 
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Table  64    Eaton  op  Observation  arising  prom  an  Error  ik  trr 
Parallelism  op  thk  Linr  op  Sight. 

The  Table  rhewB  the  Error  on  any  observed  angle  lest  than  120°,  arising 
from  the  line  of  sight  not  being  parallel  to  the  plane  of  the  sextant  or  circle. 
See  No.  495  (3). 

As  the  observer  will  uot,  knowingly,  allow  this  adjustment  to  remain 
defective,  or  observe  elsewhere  than  in  the  centre  of  the  field  when  the  ad- 
justment is  perfect,  the  Table  serves  rather  to  shew  the  consequence  of  such 
errors  than  for  the  purpose  of  applying  a  specific  correction. 

To  compute  a  Term.  To  twice  the  log.  sine  of  the  error  in  the  paral- 
lelism of  the  telescope,  add  the  log.  tan.  of  half  the  angle  measured ;  the  sum 
is  the  log.  sine  of  the  required  error  in  tho  observed  angle. 

Ex.     Error  of  parallelism  n\  angle  measured  97°:  required  the  Error  of  the  Angle. 

11'  log.  tin.  7*54*9  *  1     5*0858 

97",  half,  48*  30'  tan.    0*0531 

Ebjlob.  req.  i"*8  sine    5*1390 

Table  55.    I4 or  correcting  the  Lunar  Distance  por  thr  Spheroidal 
Figure  of  the  Earth. 

The  Table  is  entered  with  the  Latitude  and  the  Moon's  Altitude, 
The  numbers  are  noted  to  the  nearest  10.     See  No.  853. 

To  compute  a  Term.  To  the  log  sine  of  the  red.  of  lat.  add  the  log. 
sine  of  the  mean  horizontal  parallax  (in  Table  40=57'),  and  the  log.  sine  o! 
the  alt. ;  the  sum  is  the  log.  sine  of  a  small  arc,  which  multiply  bj  100. 

Table  56.   For  computing  thr  Moon's  Second  Correction  of 

Distance. 

Enter  the  Table  with  the  App.  Dist.  at  the  top  or  bottom,  and  the  Moon  * 
Corr.  of  Alt.  at  the  side,  and  take  out  the  seconds. 

In  the  same  column  take  out  the  seconds  standing  against  the  coir,  of 
ilist.  (No.  842  or  844)  at  the  side.  The  difference  between  the  two  numbers 
thm  taken  out  is  the  2d  coir,  required.* 

When  the  Dist  is  less  than  90°,  add;  when  greater >  subtract. 

Ex.     App.  dist.  48°;    J  's  oorr.  of  alt.  46  ;  corr  of  dist  26':  find  the  Second  Con; 
480  and  46'  17" 

Skcond  Cork.  11    to  be  midtd. 

To  comjtKte  a  Term,  approximately  (1.)  To  square  au  arc  in  minutes. 
Find  the  square  of  the  number  of  min. ;  divide  it  by  60 :  the  quotient  is  the 
number  of  seconds  in  the  square  required,  roughly.  For  greater  accurerty, 
increase  the  quotient  by  -fo  of  itself. 

(2.)  With  the  app.  dist  as  Course,  and  the  said  square  as  Dep.  find  the 
D.  Lat  ;  half  this  is  the  term  required. 


*  "KM*  2d  corr.  may  be  dispensed  with  altogether  by  repeating  the  work,  No.  844,  p.  306 
asm*  the  memn  of  each  true  and  app.  alt.  and  the  mean  of  the  app.  and  nrat  found  4ht. 
The  result,  with  care,  will  agree  Tery  nearly  with  the  rigorons  process. 


EXPLANATION  OF  THE  TABLES.  419 

•C*.    Cotr.  (of  alt  or  of  dirt.)  55',  app.  diit.  310. 

55  squared  (by  Table  8)  3025,  divided  by  60       50**4 
add  i-aoth  a  '5 

Required  square  of  5^         53 
Dep.  53  and  Course  3 1°  give  D.  Lat.  88 ;  the  term  h  44". 

Table  57.    Correction  op  the  Greenwich  Mean  Time  for  thr 
Second  Difference  of  the  Lunar  Distance. 

This  Table  is  entered  at  the  top  with  the  Approximate  Interval,  and  tit 
the  side,  with  the  Diff.  of  the  Prop.  Log?,  standing  against  the  two  distanced 
in  the  Nautical  Almanac,  which  include  the  given  true  distance. 

For  an  example,  see  No.  857, 

To  compute  a  Term,  approximately.  Multiply  together  the  approx. 
interval  in  hours  and  tenths,  its  compl.  to  3b,  the  diff.  of  the  prop.  logs,  above 
(attending  to  the  decimal  point),  and  1400. 

Ex.    Approx.  interval,  ih  10s,  diff.  prop.  logs.  64 ; 
then  1*2  x  i*8  x  0*0064  x  I4°°  ™  '9*»  the  required  term. 

Table  58.   The  Error  of  the  Ship's  Place  and  of  the  Longitude 
in  Time,  corresponding  to  an  error  of  Tin  the  Lunar  Distance. 

The  Table  is  entered  with  the  Latitude  at  the  top,  and  the  Prop.  Log. 
against  the  lunar  dist.  in  the  Nautical  Almanac  at  the  side. 

Ex.    Lat.  500,  prop.  log.  2800 ;  an  error  of  1'  in  the  lunar  dist.  will  cause  an  error  of 
19  mile*  in  the  ship's  place,  in  Departure,  and  im  o*  error  of  long,  in  time. 

Since  it  is  the  actual  distance  of  the  ship  from  the  shore  that  we  arc 
concerned  with  at  sea,  rather  than  the  nominal  diff.  of  long.,  tbis  Table  will 
afford  a  useful  check  on  the  supposed  place  of  the  ship  in  making  the  land 
by  a  lunar  observation. 

The  error  of  long,  in  time  is  also  the  error  of  the  G.  M.  Time,  as  deter- 
mined by  a  lunar  observation. 

To  compute  a  Term,  Divide  2700  by  the  3-hourly  change  in  minutes ; 
the  quotient  is  the  error  in  min.  of  long,  in  arc  at  the  equator.  For  any 
particular  latitude  see  No.  307 


TABLES  FOR  DETERMINING  THE  VARIATION  OF  THE 

COMPASS. 

these  Tables  are  employed  in  Chapter  VIII.  p.  326. 

Table  59.   Amplitudes. 

The  Table  shews  the  True  Amplitude  of  the  sun  (or  of  any  other  celes- 
tial body,  having  the  same  declination),  at  rising  or  setting.  It  is  entered 
with  tbe  Decl.  at  the  top  and  the  Lat.  at  the  side. 

To  find  the  Amplitude  by  the  Traverse  Tables.     With  0  and  the  lat 
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find  M.     With  M  as  Diet.,  and  ibe  Decl.  as  Course,  find  the  Dep.     With 
100  as  Dist.  and  this  Dep.  find  the  Coarse. 

By  Computation.  To  the  log.  sec.  of  the  lat.  add  the  log.  sine  of  the 
Declin. ;  the  sum  is  the  log.  sine  of  the  amplitude. 

Ex.     Lat  17°,  Decl.  230 :  find  the  Amplitude. 

Lat      170  o'        sec.  0*0194 

Decl.    23     o         sine  ^5919 

Amplitude,  240  7'         sin.  9*6113 

Table  59  A.    Correction  of  the  Observed  Amplitude. 

The  Table  shews  the  Change  produced  on  the  Amplitude  by  the  joint 
effect  of  the  refraction  at  the  horizon  (assumed  at  &>'),  and  the  height  of 
the  eye,  supposed  16  feet.     An  example  is  given  in  No.  886. 

To  find  the  correction  for  any  other  height  of  the  eye.  To  38'  add  the 
Dip,  multiply  the  sum  by  the  correction  in  the  Table,  and  divide  by  37  ; 
the  quotient  is  the  correction  required. 

£1.  Lat.  550,  Heel.  230,  height  of  the  eye  1 00  feet ;  33  and  10  are  43,  which,  multi- 
plied by  1*4  and  then  divided  by  37,  gives  i°  6,  the  coaaicnoN  required. 


TABLES  TO  SUPPLY  THE  PLACE  OF  THE  NAUTICAL 

ALMANAC. 

These  Tables,  which  afford  for  several  years  approximate  values 
of  the  quantities  contained  in  them,  are  useful  on  various  occasions, 
and  may  serve  for  the  ordinary  purposes  of  navigation.  But  when 
much  accuracy  is  required,  and  whenever  the  moon  is  employed, 
recourse  must  be  had  to  the  Nautical  Almanac. 


Table  60.    Declination  or  the  Sun. 

The  Table  contains  the  Declination  for  each  day  of  the  years  1901, 
1902,  1903,  and  1904,  to  the  nearest  minute. 

Table  60  A.    Correction  of  the  Sun's  Declination  in  Table  60 
for  the  Years  following  1901,  Ac. 

The  Table  contains  the  Corrections  by  which  the  declination  for  any 
day  on  one  of  the  four  years  enumerated  may  be  converted  into  that  for 
the  same  day  on  any  following  year,  till  1928. 

When  the  declination  is  increasing,  add  the  correction]  when  de- 
creasing, subtract  it. 


£1.  I.      Feb.  3rd,  19 14,  find  the  Sun's 
declination. 

19 14  answers  to  1902. 
;$02.  Feb.  3rd,     160  42'  S.  (deer.) 
Cw.  I '-6,  or       —2 
Declik.  req.  16  40  S. 


Ex.  2.     Sept.  27th,  1920,  find  the  Sun's 
declination. 

1920  answers  to  1904. 
1904,  Sept.  27th,     1°  34'  a  (incr.) 
Corr.  2'  8       +3 
Declin.  tpq.  ?     37  S. 
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If  the  correction  when  subtract!  ve  exceed  the  declination  itself,  take 
the  less  from  the  greater,  and  consider  the  remainder  as  the  declination 
required,  and  of  the  contrary  name  to  that  given. 

The  correction  is  additive  when  the  declination  is  increasing,  and 
aubtractive  when  decreasing,  thus  changing  from  one  to  the  other  at  the 
equinoxes  and  solstices. 

To  compute  this  Correction  for  reducing  approximately  the  declination 
of  the  sun  for  any  year,  by  means  of  the  declination  for  any  four  successive 
years,  the  following  rule  is  given  by  Mackay,  in  his  Complete  Navigator. 

Note  the  number  of  fours  necessary  to  reduce  the  proposed  year  to  one 
of  the  years  in  the  table. 

Take  the  difference  of  the  declination  (for  the  year  thus  found),  to  the 
given  and  following  days.  Multiply  this  difference  by  the  number  of  fours, 
and  divide  by  33 :  the  quotient  is  the  correction  required,  in  minutes. 

Ex.    (1.  above.)     1890  reduced  by  fours  gives  1878,  the  number  of  fours  being  3. 

The  daily  diff.  of  the  deel.  on  the  3d  and  4th  is  18,  which  multiplied  by  3  is  54, 
this  divided  by  33  gives  about  i'*6,  the  core,  required  to  be  subtracted. 

Since,  at  the  equinoxes  the  correction  changes  suddenly  from  additive 
to  subtraotive,  or  from  sub.  to  add ,  and  since  applying  it  wrongly  would 
cause  an  error  of  double  the  amount  of  the  correction,  it  is  advisable,  in 
case  of  doubt,  to  find  the  declin.  for  some  days  before  the  equinox,  and  to 
subtract  from  it  the  daily  variation,  which  at  this  season  varies  uniformly 
for  several  days. 

Table  61.     Sidereal  Time  and  Right  Ascension  of  the  Sun. 

The  Table  contains  the  Sidereal  Time  for  the  years  1901,  1902,  1903f 
and  1904,  to  the  nearest  tenth  of  a  minute. 

N.B. — The  Sun's  Bight  Ascension  to  the  nearest  tenth  of  a  minute 
may  be  found  by  applying  the  Equation  of  Time  in  Table  62  to  the 
Sidereal  Time  as  there  directed.     See  p.  209,  and  Note,  p.  211. 

Table  62.    The  Equation  or  Time. 

The  Table  contains  the  Equation  of  Time  for  apparent  noon  for  1901, 
1902, 1903,  and  1904,  to  the  nearest  second.  The  Equation  for  each  year 
will  serve  very  well  for  common  purposes  for  the  4th  or  8th  year  afterwards. 
The  error  will  be  greatest  from  the  latter  end  of  May  to  the  middle  of  July, 
when  it  may  amount  to  2s  or  3s  in  a  period  of  4  years,  or  about  7§  in  four 
or  five  such  periods.  Towards  the  beginning  or  end  of  the  year  the  error 
will  not  much  exceed  2s  or  3s,  even  for  a  considerable  number  of  years. 

Table  63.    Mean  Places  of  the  Principal  Fixed  Stabs. 

The  Table  contains  the  mean  places  of  sixty- six  stars,  for  the  1st  of 
January,  1900.  The  mean  places  may  be  reduced  for  any  antecedent  or 
subsequent  year  by  applying,  as  directed  in  the  Table,  the  annual  variation  in 
B.A.,  and  in  declination,  multiplied  by  the  number  of  years  exceeding  1900. 

To  find  the  place  for  any  year  prior  to  1900,  the  variation  must  be 
applied  the  contrary  way  to  that  directed. 

The  right  ascension  and  declination  of  every  star  change  during  the 
year.  The  change  of  right  ascension  is,  for  most  of  the  stars  in  the  Table, 
between  4»  and  6* ;  that  of  declination  between  15"  and  40".  Amon£  the 
stars  which  ohange  their  right  ascension  least  are  Spica,  and  a  Cygm,  the 
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change  being  between  3s  and  5a.  The  stars  Capella,  a  Pavonis,  and  a 
Triang.  Austr.,  change  their  right  ascension  about  6»,  7»,  and  9*, 
respectively,  daring  the  year.  These  stars  are  therefore  less  favourable 
than  others  for  finding  the  latitude  by  double  altitude,  or  the  time. 
The  star  a'  Crucis  changes  its  declination  J  of  1/  from  one  part  of  the 
year  to  another.  The  variation  of  the  right  ascension  of  Polaris 
amounts  to  more  than  2m ;  that  of  declination  to  nearly  1'.  In  this 
Table  +  signifies  add,  and  —  subtraci.  % 

As  the  variations  ot  right  ascension  occupy  several  moctns,  their  effects 
would  not  be  sensible  in  rating  a  chronometer  by  the  method,  No.  821. 

As  the  stars  are  given  in  this  Table  for  the  purpose  of  finding  the  lati- 
tude or  time  in  different  parts  of  the  world  at  any  hour  of  the  night,  they 
are  selected  nearly  equally  from  all  parts  of  the  heavens,  and  the  list  does 
not  necessarily  include  all  stars  above,  or  exclude  all  stars  below,  any  par- 
ticular magnitude, 

The  figures  1,  2,  3,  indicate  the  first  (or  largest),  second,  and  third 
magnitudes.  The  figures  1,  2,  denote  a  magnitude  between  the  1st  and  id; 
and  the  figures  2,  3,  a  magnitude  intermediate  between  the  2d  and  3d.* 


LOGARITHMS 

These  Tables  are  used  in  those  parts  of  the  several  computations 
which  are  effected  by  logarithms.  The  more  general  tables  stand 
first,  and  the  others  follow  nearly  in  the  order  already  observed. 

Table  64.     Logarithms  op  Numbers. 

The  Table  contains  the  logs,  of  numbers  from  1  to  9999,  to  six  places, 
with  differences  and  proportional  parts. 

The  diff.  D.  is  the  mean  of  the  diffs.  between  each  log.  and  the  sue* 
ceeding  one  in  the  same  line ;  and  is  near  enough  for  most  cases. 

I.  Direct  process  ;  to  find  the  logarithm  of  a  given  number. 

1.  To  find  the  logarithm  to  any  number  consisting  of  two  or  three  figures. 
Look  for  the  number  at  the  side,  and  take  out  the  log.  against  it  Thus,  the 
log.  of  717  is  855519.+ 

2.  To  find  the  logarithm  of  a  number  consisting  of  four  figures.  Look 
for  the  three  first  figures  at  the  side,  and  the  fourth  at  the  top ;  thus,  the 
log.  of  7176  is  855882. 

3.  To  find  the  logarithm  of  a  number  consisting  of  more  than  fonr 
figures.  Find  the  log.  of  the  first  four  figures ;  find  the  diff.  D.  in  the  lower 
part  of  the  Table,  in  column  D,  and  against  it,  under  the  5th  figure  (or  6th* 
if  required),  are  the  parts,  which  add. 

.#•&.— Observe  to  set  down  the  parti  correctly,  carrying  those  for  the  6th  figure  one  plac* 
It  the  right  of  the  parts  above  them,  as  a  mistake  frequently  occurs  here. 

*  Sir  John  Herschel  having,  soon  after  the  appearance  of  this  work,  favoured  me  with  a 
communication  respecting  the  magnitudes  or  relative  brilliancy  of  the  stars,  to  which  that 
distinguished  astronomer  has  paid  particular  attention,  I  have  altered  the  numbers  marked 
agthst  several  of  the  stars  in  the  first  edition. 

t  This,  however,  is  only  part  of  the  complete  logarithm,  as  adapted  to  the  purposes  of 
Hon  by  logarithms,  and  requires  the  mdtx.    See  Nos.  67  and  59. 
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Ki.  I.    (/fetfigs.) 

•6574. 
2657  log.  4*4392  D.  164 

Against  J).  164,  under  4  66 

Loo.  req. 


Find  the  log.  of  t        Ex. 

365748. 
2657  log. 

4  (parts  66) 


424458 


2.    (Six  figs.)    Find  the  log.  of 
D.  164 


8  (parts  131  ■ 
Loo.  req. 


10) 


424392 
66 

13 

424471 


II.  Inverse  Process  ;  to  find  the  number  corresponding  to  a  given  log. 

1.  When  the  natural  number  is  not  required  to  consist  of  more  than 
four  figures,  it  is  taken  out  at  once. 

Ex.    Given  the  log.  645820,  required  the  natural  number. 

The  nearest  log.  in  the  Table  is  645815 ;  the  figures  at  the  side  are  442,  annexing  to 
which  that  at  the  top,  or  4,  gives  4424,  the  number  required. 

The  placing  of  the  decimal  point  is  directed  in  No.  50. 

2.  When  the  Number  is  to  consist  of  five  figures.  Take  out  the  next 
less  log.  to  the  one  given,  and  note  down  the  four  figures  of  the  corre- 
sponding number.     Note  the  diff.  D. 

Subtract  this  next  less  log.  from  the  given  one,  and  look  for  the  re- 
mainder among  the  parts  standing  against  D,  in  the  lower  part  of  the  Table ; 
note  the  figure  at  the  top  under  which  the  remainder  is  found,  and  add  it 
to  the  four  taken  out. 

3.  When  the  Number  is  to  consist  of  six  figures,  the  more  direct  aud 
accurate  method  is  to  take  the  diff.  between  the  given  log.  and  the  next 
less  in  the  Table,  annex  2  ciphers,  and  divide  by  the  diff.  between  the  next 
less  and  the  next  greater ;  the  quotient  is  the  number  of  figures  to  be 
annexed  to  the  natural  number,  answering  to  the  next  less  log. 

The  placing  of  the  decimal  point  is  directed  in  No.  59. 


Ex.  1.    (Five  figs.) 
the  log.  424471* 
Given 
Next  less  (2657) 

Rem. 
5th  fig.  4,  next  less 
Numb.  req. 


Find  the  No.  to 


42447t 
424392 

79 

66 

26574 


D.  164 


Find  the  No.  to 


Ex.  2.    (Six  figs.) 
the  log.  424471. 
Given  log. 
Nexf  l«*s  (2657) 
Next  greater 
Then  7900  +  by  163,  gives  48,  and  the 
numb.  req.  is  265748. 


424471 
424392 
424555 


79 
163 


Table  64a. 


Spheroidal  Tables;  showing  the  length  in  feet  of  a  degree,  minute, 
and  second  of  lat.  and  long. ;  the  corresponding  number  of  statute  miles 
in  every  even  degree  of  lat. ;  and  number  of  nautical  miles  contained  in 
a  degree  of  long,  under  each  even  degree  of  lat. 

Table  65.    Natural  Sines,  Cosines,  <fco. 

These  quantities  are  convenient  for  working  problems  such  as  that 
given  in  No.  254. 

Table  66.    Loo.  Sines  of  Small  Arcs  to  bach  Second. 

The  Table  contains  the  log.  sines  from  0  to  1°  30;  (or  log.  cosines  from 
88°  30*  to  90°),  to  each  second.  Five  places  are  given  as  far  as  1°  and 
six  beyond.  The  Table  is  applicable  to  log.  tangents,  thus  :  to  find  the 
log.  tan.  add  the  log.  sec.  to  the  log.  sine ;  to  find  the  arc  to  a  given  log. 
tan.,  find  it  as  for  a  sine,  subtract  from  the  given  log.  the  log.  sec.,  and 
consider  the  rem.  as  a  sine 

For  lOths  of  seconds  proceed  by  proportion,  or,  in  very  small  arcs,  at 
directed  for  proportional  logarithms.  The  last  method  is  true  in  the  6tb 
place  for  arcs  under  5'. 
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Table  67     Log.  Sines  op  Small  Arcs  to  Ten  Seconds. 

The  Table  contains  the  log.  ^ines  from  1°  30'  to  4°  80'  (or  the  log 
xwioes  from  85°  30'  to  88°  3C),  to  each  10",  with  parts  for  single  seconds. 

The  parts  are  true  for  each  2*  and  7'  in  the  uuits*  place  of  the  arc,  and 
very  nearly  for  others,  as  the  parts  under  3?  serve  from  1°  30'  to  1°  35', 
and  those  under  37',  from  1°  35'  to  1°  39'.  The  error  of  using  one  column 
for  the  uext  will  rarely  amount  to  half  a  second. 

The  parts  for  the  log.  cos.  are  to  be  taken  as  for  the  sine  of  the  compl.  of 
the  arc;  thus,  the  parts  for  cos.  of  87°  42*,  being  those  for  sine  of  2°  17* 
are  found  under  17'. 

Direct  Process.  Find  the  sine  or  cos.  for  the  next  less  10",  add  the  part* 
for  the  sine,  subtract  those  for  the  cosine. 

Ex.  1.  The  log.  fine  of  2°  as  37"  is  8*617417  for  20  22'  30",  *d&*f  the  parts  andtr 
%%'  for  7",  or  356,  which  gives  8*617773.  The  log.  cot.  of  870  46'  14  it  8*590181  for 
87°  46'  10",  deducting  218  (the  ptrtt  for  4"  under  ii*),  or  8*589963. 

Inverse  Process.  For  the  sine  look  for  the  next  less ;  for  the  cosine  look 
for  the  next  greater ;  note  the  deg.,  min.,  and  10". 

Take  the  diff.  between  the  sine  or  cos.  taken  out  and  the  given  one ; 
look  for  it  in  the  col.  of  parts ;  take  out  the  corresponding  seconds  and  add 
them. 


Ex.  2.     Find  the  ire  to  the  log.  cosine 
8758561. 

Given         8*758561 

Arc  86°  42' 40"   Nextgr.    *»7s8**» 

3     Ptt.  at  1/  127 


Ex.  1.    Find  the  arc  to  the  log.  sine 
8- 508462. 

Given         8*508462 
Arc  i°  5</  50*       Next  lets    8*508321 

2         Ptt.  tt  32'  141 

Aao  req.  1    50  52  j   Amc  req.  86°  42  43 

For  extreme  precision  proceed  by  proportion. 

The  Table  is  used  for  tangents  by  the  rules  in  expl.  Table  66. 

Table  68.     Logarithmic  Sinbs,  Cosines,  Tangents,  Cotangents, 
Secants,  and  Cosecants. 

The  Table  contains  the  terms  to  half-minutes,  and  to  six  places. 

The  second  column  and  the  last  but  one  contain  a  time  scale,  cor- 
responding to  the  upper  and  lower  degree ;  thus  73°  83'  30"  corresponds 
to  4h  64111  14g.  This  scale  is  very  convenient  for  converting  arc  and  time, 
but  it  is  introduced  to  suit  those  rules  in  which  the  time  itself  is  an  argu- 
ment 

The  parts  for  each  second  are  given,  beyond  9° ;  from  4°  to  9°,  to  each 
10" ;  but  under  4°  the  variation  is  too  rapid  for  their  insertion,  and  recourse 
will  be  had  for  precision  to  Tables  66  and  67.*  The  parts  are  true  for  the 
middle  term  of  the  argument ;  thus,  the  parts  from  20°  30'  to  20°  45',  are 
true  for  20°  37' J,  and  approximate  for  the  rest,  but  the  inaccuracy  in  tha 
extreme  case  corresponds  only  to  J  of  1". 

It  is,  of  course,  the  more  correct  way  to  take  the  parts  with  reference  to 
the  nearest  term,  and  to  apply  them  accordingly ;  thus,  to  find  the  sine  of 
V>  40'  28",  find  it  for  9°  4&  30",  and  subtract  the  parts  for  2". 

*  The  diff.  D.,  in  the  early  portion  (inserted  merely  for  uniformity),  is  not  that  of 
two  consecutive  terms,  bat  corresponds  to  kmffihe  tabular  interval  on  both  sides  of  a  term. 
This  is  done  to  avoid  breaking  the  continuity  of  the  horizontal  lines,  which  mrsst  ooc-41 
vhen  actual  dins,  are  exhibited,  and  is  teasing  to  the  eye. 
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for  greater  accuracy  proceed  by  proportion. 

DU  ect  Process.  When  the  given  angle  is  lets  than  46°,  its  log.  sine,  Sec 
Are  taken  from  the  top ;  when  greater  than  45°,  from  the  bottom ;  thus,  the 
log.  sine  of  28°  17'  is  9  675624 ;  the  log.  sine  of  84°  3'  is  9  997654.  In 
like  manner,  the  log.  sine  9*452060  corresponds  to  the  arc  16°  27',  the 
cotangent  9-47714  to  the  arc  73°  18'. 

The  log.  sine  of  an  angle  is  the  log.  cosine  of  the  complement  of  the 
angle  to  90°,  whether  in  excess  or  defect ;  so,  likewise,  the  log.  cosine  is  the 
log.  sine  of  the  complement ;  and  the  like  holds  of  the  tangent  and  cotan- 
gent, secant  and  cosecant. 

When  the  given  angle  exceeds  90°,  find  the  log.  sine,  tangent,  or  secant, 
for  the  supplement  to  180°.  But  it  is  generally  easier  to  find  the  log.  co- 
sine, co-tangent,  and  co-secant,  for  the  excess  above  90°. 

Ex.  1.  The  log.  sine  of  1270  50'  is  the  log.  tine  of  520  10',  or  the  log.  cot.  of  370  50*, 
*hkhii  9*897516. 

Ex.  2.  The  log.  cot.  of  1630  49'  ii  the  log.  cos.  of  160  11',  or  the  log.  sine  0/73°  49', 
which  is  9*982441. 

Ex.  3.  The  log.  cosec  of  970  4'  is  the  log.  cosec  of  820  56',  or  the  log.  see.  of  70  4', 
which  is  0*0033x2. 

In  like  manner  to  find  the  log.  co-sine,  co-tangent,  or  co-secant,  of  an 
arc  above  90°,  take  out  the  log.  sine,  tangent,  or  secant,  of  the  excess  above 
90°. 

To  find  the  log.  sine,  oYc  of  an  arc  given  to  seconds.     Find  the  log.  sine 

ior  cosine,  oVc.)  for  the  next  less  minute  or  half-minute ;  take  out  the  part 
or  the  seconds,  or  for  the  excess  above  30". 

For  the  sine,  tangent,  and  secant,  add  the  parts. 

For  the  co-sine,  co-tangent,  and  co-secant,  subtract  them. 


Ex.  1.    find  the  log.  sine  of  530  25'  13". 

53°  15*    o"sine  9*9047" 

13    parts  +  20 

Loo.  snra  req.         9*904731 

Ex.  %    Find  the  log.  tan.  ot  n°  19'  54". 

ii°  19'  30"  tan.  9*301624 

24   parts  +  262 

Loo.  tan.  req.  0*301886 

Ex.  3.    Find  the  log.  sec  of  380  42'  46''. 

38°  42' 30"  0*10771 6 

16    parts  ♦  27 

Loo.  sic.  req.         0*107743 


Ex.  4.  Find  the  log.  cosine  of  720  10'  45". 

720  10'  30"  9*485879 

15    parts  —98 

Loo.  cos.  req.  9*485781 

Ex.  5.  Find  the  log.  cotang.  of  840  3'  22*. 

840  3'    o"  cot.  9*<»7959 


20   parts  408  1        _ 
2  41/ 


449 


Loo.  cotang.  req.  9*017510 
Ex.  6.  Find  the  log.  cosec.  of  68°  14'  11*. 
68°  14'   o#  cosec         0*032124 

Loo.  cosec.  req.      0*032 1 1 5 

In  working  to  five  places,  the  last  figure  of  the  parts  must  be  dropped, 
the  remainder  being  increased  by  1  when  the  figure  dropped  exceeds  5. 

In  working  to  1*  of  time,  the  parts  for  15''  are  to  be  employed.  In  the 
earlier  part  of  the  Table,  half  the  D.  for  30"  may  be  conveniently  employed. 

It  is  convenient  in  dealing  with  parts  of  contrary  application,  to  mark 
those  additive  with  +,  and  subtracHve  with  —  ;  to  sum  each  kind  sepa- 
rately ;  and  to  take  the  diff.  of  the  two  sums,  marking  it  with  the  sign  ol 
the  greater.  An  example  will  be  found,  p.  264,  top,  the  parts  are,  +  18, 
-1-5,—  97,  and  H-  35 ;  the  sum  of  the  +  ones  is  +  58,  then  the  difference 
between  58  and  97  is  39,  to  be  marked  —  39,  or  subtractive. 

Inverse  Process.  To  find  the  Arc,  to  seconds,  corresponding  to  a  tfiveu 
log.  sine  Ac. : 
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r or  the  sine,  tangent,  or  secant,  take  out  the  next  less ;  for  the  co-tin^ 
co-tangent,  or  co-secant,  take  out  the  next  greater  ;  and  note  the  degree  and 
minute,  or  half-minute,  of  the  quantity  thus  taken  out. 

Take  the  diff.  between  this  quantity  and  the  given  one ;  find  the  remainder 
in  the  column  of  Parts ;  take  out  the  seconds  corresponding  and  add  them 
to  the  arc  noted. 


Ex.  1.     Pind  the  arc  to  the  log.  tine 
9*1*2470. 

Gr?en          9*101470 

90  io*  0"      Next  leas       101134 

18                  Rem.        136 

Ex.  2.     Pind  the  arc  to  the  log.  cosine 

9-897796. 

Given          9**9779* 
\7°  4/0*      Nextgr.        897810 

8               Ren.             14 

Amc  raq.   9  10  18 

Aac.  req.  37  47  8 

When  the  parts  are  not  given  for  seconds  beyond  10  (as  for  the  log.  ame 
and  tang,  from  4°  to  8°),  if  the  remainder  exceeds  the  parts  given,  take 
away  the  parts  for  10"  or  20";  add  10"  or  20"  accordingly,  and  also  the 
seconds  corresponding  to  this  last  remainder. 


Ex.  1.    Pind  the  are  to  the  log.  tangent 

Ex.  2. 

Pind  the 

arc  to  the  log.  cosec. 

f  117945. 

10*881005. 

Given          9*127945 

Given        i©*8  8100  c 

7*38*30"      Next  lees        11765 1 

7°33'o" 

Next  gr.         88 1431 

194 

4*« 

10            Parts                160 

10 

Parts               318 

8            Rem.               134 

7 

Rem.               no 

Aac  req.  7   38  48 


Arc  req.  7   33  *7 


When  greater  precision  than  that  afforded  by  the  parts  is  required,  the 
log.  sine,  cVc,  or  the  arc,  may  be  found  by  means  of  the  proportional  part  of 
the  diff.  between  two  terms,  or  for  30". 

The  log.  cosec.  is  the  arith.  compl.  of  the  log.  sine. 

The  log.  co tan.  is  the  ar.  co.  of  the  log.  tan. 

The  log.  sec.  is  the  ar.  co.  of  the  log.  cosine. 

The  log.  tan.  is  the  sum  of  the  log.  sine  and  log.  secant ;  thus  all  may  be 
obtained  from  the  log.  sine. 

Table  69.     Loo.  Sine  Square.* 

The  title  is  an  abbreviation  of  the  logarithm  of  the  square  of  the  tine  of 
half  the  arc.  The  log.  sine  square  is  given  to  each  15"  of  arc  or  1§  of  time. 
In  order  to  lessen  the  bulk  of  the  table,  the  index,  and  one  or  two  figures,  am 
taken  up  at  the  head  of  the  column,  unless  these  figures  change,  when  th* 
whole  is  given  in  full.  Five  places  only  are  inserted  as  far  as  0*  44",  and 
six  afterwards. 

Each  column  contains  15',  or  lm;  the  minutes  and  quarters  (of  arc), 
above  the  next  less  15',  are  given  on  the  left-hand  side,  and  the  seconds  of 
time  on  the  right  Thus  the  log.  sine  square  of  148°  37'  15",  or  9-955473, 
»  found  under  143°  307  and  against  T  15",  and  corresponds  to  9k  34*  29s 

The  parts  for  seconds,  when  not  the  same  for  the  whole  page,  are  given 
for  the  first  and  last  columns ;  parts  for  intermediate  columns  are  therefore 
between  the  given  parts. 

1.  Direct  Process.  To  find  the  log.  sine  square  of  an  arc  to  the  nearest 
pecond.  Take  the  log  sin.  sq.  for  the  next  less  15'',  and  add  the  parts  for 
the  seconds. 

To  find  the  log.  sine  square  for  the  tenth  <fa  second  of  time.     Cootider 

•  This  table  is  identical  with  the  Log.  Haveroines  of  Inman's  Tables. 
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tfce  tenth*  as  seconds  of  arc,  take  out  the  parts,  increase  them  by  half,  and 
add  the  sum  to  the  log.  sine  square  of  the  whole  second. 


Ex.  1.     Find   the   log.    sine    square   of 
3t°  1 1'  22'  . 

380  n'  15"  9*019400 

7  parts      43 

Loo.  sin.  bq-  req.         9*029443 


Ex.  2.     Find  the   log.  tine   square  of 
3*  4a-  57*3* 

3h  4**  57*  9'3394*fc 

parts  to  3",  12,  12  +  6  —  it 

Loo.  sin.  80..  req.  9*339484 


The  log.  sine  square  to  seconds  in  the  early  part  of  the  Table,  where,  on 
account  of  the  great  and  irregular  variation,  no  parts  are  given,  is  found  by 
proportion. 

Bx.    Find  the  log.  sine  square  of  i°  36'  4". 

i°  36'  o"  6*28991  I         Then  15  ;  226  ::  4:  60,  the  parts,  and  the 

1    3615  29117  loo.  sine  aauxax  required  is  6*29051. 

diff.  226  I 

12.  Inverse  Process.  To  find  the  arc,  to  1',  corresponding  to  a  given  log. 
sine  square.  From  the  given  log.  sine  square  subtract  the  next  less  in  the 
Table,  to  which  take  out  the  arc,  noting  it  down. 

Find  the  seconds  at  the  bottom  corresponding  to  the  difference,  and  add 
them  to  the  arc. 

Ex.    Find  the  are,  to  1",  corresponding  to  9*029443. 

Next  less  9*029400,  arc  380  ti*  15"  I        43  at  D.  90  gives  7",  which  added  to 

given  '029443  I  38°  1 1'  15"  give  the  xac  required, 3 8°  1 1'  22*. 

diff.  43  I 

To  find  the  time,  to  the  tenth  of  a  second,  corresponding  to  a  given  log. 
sine  square. 

Find  the  time  corresponding  to  the  next  less  log.  sine  square  in  the  table 
Take  the  diff.  between  the  given  and  the  next  less  logs.  Find  this  diff.  among 
the  parts ;  take  out  the  seconds  of  arc  corresponding,  and  subtract  from  it  l-3d 
of  itself.  The  rem.  is  the  number  of  tenths,  to  be  added  to  the  time  of  the 
next  less. 

The  above  is  correct  enough  for  common  practice,  but  for  greater  pre- 
cision the  difference  between  two  terms  must  be  employed,  and  the  result 
deduced  by  proportion. 

To  compute  a  Term.    Take  the  log.  sine  of  half  the  arc  and  double  it. 

Table  70.    Logarithms  for  computing  thr  Reduction  to  the 
Meridian  at  Sea. 

The  Table  is  entered  with  the  Declination  at  the  top  and  the  Latitude  at 
the  side.     The  cases  omitted  are  not  eligible.     See  No.  700. 

The  cases  which  appear  above  the  vacant  spaces  in  Part  1.  are  those  in 
which  the  body  passes  the  meridian  between  the  pole  and  the  zenith ;  those 
below  the  spaces  are  the  more  common  cases,  or  those  which  occur  between 
the  tropica  and  the  arctic  circles. 

To  compute  a  Term.  Add  together  0*80103,  the  log.  cosines  of  the  lat. 
and  dech,  and  the  log.  sec.  of  the  meridian  altitude. 

The  process  of  computing  the  meridian  alt.  may  be  avoided  thus :  when 
the  lat  and  decL  are  of  the  same  name,  employ  the  log.  cosec  of  their 
difference  (unless  the  body  is  below  the  pole,  when  employ  the  cosec  of 
their  sum),  when  of  contrary  names,  the  oosec.  of  their  sum. 
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L)«d+  170  N. 

ntkjue.;       LAt    90 

N.f 

J-x 
DecL  ] 

.  2.     (Contrary  names.)     Lit    9* 
170  S. 

0*3010 

Lrt<      9C          cot.      9  "9946 

Decl   17            co«,       99806 

BirT,       g             coscc,    0*8564 

Loo,  required            1*1336 

9*3010 

L*t-       90           coa.       9*9946 

Ded.   17          '  csw.       9*980* 

Sum    26             ooocc.    0-3581 

Loo.  required          "0*6344. 

When  the  lat.  exceeds  62°  or  the  dec!,  exceeds  23°,  the  logarithm  rouai 
f>e  computed. 


Table  71,  Logarithms  for  computing  the  Correction  of  thl 
Latitddk  by  Account, 

The  Table  is  entered  with  the  two  Azimuths,  either  of  the  same  body  at 
different  times,  or  of  two  different  bodies.     See  No.  752  (7). 

The  cases  omitted  are  not  eligible. 

Part  I.  is  used  when  both  attitudes  are  taken  ou  the  same  side  both  of 
the  meridian  and  prime  vertical,  and  Part  IK  when  on  different  sides  of  either 
of  thege  circles. 

To  compute  t/tf  Log.  for  Part  I.  To  8-8239  add  the  log.  cosecants  of 
the  azimuths,  and  the  log.  tine  of  their  difference. 

For  Part  IL  To  8*8239  add  the  log.  cosecants  of  the  azimuths,  and 
f  he  log,  pine  of  their  sunt. 


Ei,    1.     Arimwtba    S.    700  W. 
f  i   Wt  ^or  tome  aide). 


A*.     700  coiec. 

Ai*     1 1  ■  ■  race . 

DUT.   59  tin* 

Log.  required 


0*0470 

0-7194 

9*931' 

9- 5c  14 


Ex.  2.      Aximutha  5.    ?oc  W.   and  S 

110  E.,  or  N.  70°  W.  anil  S.  n°W,  (m 
tlijTtrtnt  *Mes). 


<  tM,(-t: 


Al.      700 

Ax.      i] 

Sum   Si  eta. 

Loo.  required 


0'0«7Q 

07194 

9*5*49 


Fable  72.    Logarithms  for  computing  tub  Equation  of  Equal 

Altitudes, 

These  are  given  to  each  Iff".     See  No,  806  (4). 

To  compute  Log.  A  To  3*28534  add  the  tag.  of  the  interval  (in  seconds 
of  time),  and  the  log.  rosec.  of  half  the  interval;  take  the  arith.  cumpL  ol 
the  sum. 

To  compute  Log.  B*  To  3*28534  add  the  tag,  of  the  interval  (in  secctids). 
and  the  log.  cot.  of  half  the  interval ;  take  the  arith.  compl.  of  the  aura* 


Ei,     Interval  4h  30*,     Compute  the  lop.  A.  and  B. 

3*»534 
41  \q*  —  1610c*  log-.  4*10951 
S   15  ooacc.  0*15516 

7-50*1 


Loo.  A.  1-24990 


3  ■»S534 

4-1095  I 

ih  15*  cot     C17511 

7 '61*396 

Loo.  B,        1*3300 


Table  73.    Tue  Logarithmic  Difference 

This  quantity  is  givin  tor  Fahrenheit's  thermometer  at  50  J,  and  "hp 
Barometer  at  30  inches. 

The  Table  is  entered  like  Table  3&  The  parts  for  "  of  paralbn  ami 
for    of  alt,  are  api  lied  as  ditected  in  the  Table. 
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Ilie  parts  for  the  sun's  or  star's  alt.  are  given  at  the  bottom. 

To  correct  the  log.  diff.  for  any  other  height  of  the  thermometer  and 
barometer  than  those  given  in  the  Table.  Find  the  correction  of  the  mean 
refraction  for  each  body  by  Tables  82  and  3d. 

With  the  moon's  alt.  and  her  atmospherical  correction,  thus  found,  as 
seconds  of  parallax,  take  out  the  parts. 

With  the  sun's  (or  star's)  alt.  as  the  moon's  alt.,  and  his  atmospher.  corr. 
as  seconds  of  parallax,  take  out  the  parts. 

When  the  atmospherical  correction  is  + ,  add  the  parts  to  the  mean  or 
ordinary  log.  diff.;  when  — ,  subtract  them. 


Ex.    (Mean  state.)    >  'a  app.  alt  17°  1  $\ 
tor.  par.  60' 41";  0'salt.  10*20'. 

9-9967*1 


170  10'  and  60' 
r  parts  -17 

4*  -4* 

©  io°  —  8 

Required  Loo.  diff 


-67 


9996654 


Ex.    The 

and  therm.  840. 
Mean  log.  diff. 


corrected  for  bar.  19% 

9*9967*  t 


j>  Th.840 

Bar.  29*2         —3 
>  Atmos.  corr.  —11 

©  Th.  840  -20  f 

Bar.  29*2       —  9  I 

©  Atmoe.  corr.  — 19        —11 J         --89 
Log.  diff.    9*996632 

When  a  planet  is  employed,  consider  it  as  a  star,  and  its  horiiontal 
parallax  as  seconds  of  moon's  parallax.  With  its  alt  take  out  the  parts  and 
wubtrad  them. 

To  compute  ike  Log,  Diff.  Add  together  the  log.  secants  of  the  app. 
alts.,  and  the  log.  cosines  of  the  true  alts. ;  the  sum  is  the  log.  diff. 


Ex. 

rtbei 


>  A.  Alt  27°  1 8*,  Hot.  Par.  60'  42".    ©  A.  Alt.  io°  20':  required  the  Log.  Diff. 
ean  state  of  the  atmosphere,  as  also  for  the  therm.  840,  and  barom.  29*2  in. 


Mean  State. 

270  18*    o"      sec        0*051285 

+  5*     5 
28    10     5        cos.        9*945*55 
10  20     o        sec        0*007102 

-5     1 

10   14  58        cos.        9*993014 

LOO.  DIFF.        9*996656 


Corrected  for  Therm,  and  Barom. 


cos. 


>   270  18'    o' 
♦  52   16 
28   10   16 
©  10  20     o        sec. 

-4  33 
10    15   27         COS. 

LOO.  DIFF, 


sec        0*051285 


9*945*43 
0*007102 

9'993°Q3 
9-996633 


The  results  by  the  two  methods  agree  as  nearly  as  can  be  expected  from 
processes  in  which  each  of  the  several  parts  employed  has  its  own  particular 
inaccuracy. 

Table  74.  Proportional  Logarithms. 

These  logarithms  are  given  to  every  second  of  time,  or  arc,  for  8h  or  3° 
The  Table  is  entered  with  the  hour  or  degree  and  the  minute  at  the  top,  and 
the  second  at  the  side;  thus  the  prop.  log.  of  1°  2/  27"  or  of  lh  2™  27*  is 
4697,  that  of  lm  2»  is  2*2410.  The  index  0  proper  to  quantities  above  19m 
(or  19/)  is  suppressed  for  convenience. 

To  find  the  prop.  log.  of  au  arc  under  18',  to  the  tenth  of  a  second.  Put 
the  proper  index,  and  find  the  decimal  part  due  to  ten  times  the  arc. 

Be.    Find  the  prop.  log.  of  /  13^7 ;  the  index  of  /  13"  is  if  the  dec.  pert  of  fee  log. 
tin*  to  70'  13/',  or  72'  17",  is  3962,  the  prop.  log.  required  is  1*3962. 

80  the  prop.  log.  of  an  arc,  under  1'  48"  may  be  found  to  the  hundredth 
of  a  second  by  multiplying  by  100. 
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To  Bud  the  arc  or  time  to  the  tenth  of  a  second  to  a  given  prop.  log. 
exceeding  J  -0000.  Look  in  the  Table  till  the  decimal  part  again  occurs,  and 
iivide  the  arc  by  10. 

Ex.    Find  the  time  to  the  prop.  log.  2*5106.    Look  for  1*5106;  the  nearest  found  w 
1*5110,  Against  510  33*,  or  333*;  hence  the  time  required  is  33f*3. 

Four  places  are  enough  for  common  purposes ;  but  since  the  fourth  placf- 
ceases  to  change  by  1  after  lh  ]3m,  a  greater  time  than  this  cannot  be  found 
truly  to  1*.  So  also,  a  time  exceeding  2h  25m  cannot  be  found  truly  to  2*. 
This  defect  may  be  avoided  in  some  cases  by  employing  the  complement  of 
the  interval  to  3b. 

To  convert  a  given  log.  sine  of  an  arc  less  than  1°  30'  into  a  prop.  log. 
add  8*7190  to  its  arithmetical  complement.  To  convert  a  prop.  log.  of  an 
a/c  into  a  log.  sine,  less  than  1'$,  add  8*7190  to  its  arith.  corapl. 


Ex.  1.     Convert  the  log.  s'rae  8*3507 
into  a  prop.  log. 

log.  sine  8-3507 
ar.  00.  1*6493 
const.  8*7190 

Arc  i°  17'  5"         Prop.  loo.    0*3683 


Ex.  2.    Convert  the  prop.  log.  of  o°  %  5  o", 
or  8573,  into  a  log.  sine. 

pr.  log.    0-8573 

ar.  co.      9*1427 

8'7'QQ 

Loe.  sins    7*86 17 


When  the  terms  of  an  analogy  are  all  sexigesimals,  the  rules  given  in 
p.  20,  Nos.  64,  &c,  apply  to  the  proportional  logarithms ;  but  if  two  of  the 
terms  are  not  sexigesimals,  the  arith.  complements  of  the  logs,  of  these  last 
must  be  used.* 

To  compute  a  Prop.  Log.  From  4*03342  (the  log.  of  10800,  the  number 
of  seconds  in  Sh  or  3°)  subtract  the  log.  of  the  given  time  or  arc  in  seconds; 
the  result  is  the  prop.  log.  required. 

Ex.    Find  the  prop.  log.  of  2k  1  in  28*. 

const.  4*03342 

a*  ii»  !*•  -  7888%    log.  389697 

Paop.  Loe.  0*13645 

The  Tables  close  with  the  Abbreviations  adopted  in  the  Admiralty 
Charts,  with  explanatory  notes.  These  should  be  committed  to  memory 
by  sailors. 

*  The  proportional  logarithms  are  often  convenient,  but  they  might  be  replaced  witL 
advantage  by  common  logarithms.  The  prop,  logs.,  unlike  the  common  logarithms,  conti- 
nually decrease  instead  of  increasing  with  the  argument.  This  progression  is  always  repug- 
nant to  the  mind,  and  should  be  avoided  when  the  change  involves  no  sacrifice  Again, 
these  logarithms  require  every  factor  with  which  they  are  combined  to  be  inverted ,  that  is, 
for  ex.,  instead  of  multiplying  by  2,  they  oblige  us  to  divide  by  2.  This,  even  to  an  expert 
computer,  is  the  cause  of  perpetual  mistakes  in  the  changing  of  constants ;  but  to  a  beginner 
it  has  the  mischievous  effect  of  entirely  destroying,  in  processes  which  may  nevertheless  be 
identical,  every  vestige  of  analogy. 

If  common  logarithms,  with  the  same  scale  and  the  index  prefixed,  were  employed,  the 
logarithm  attached,  in  the  Nautical  Almanac,  to  the  lunar  distance,  would  involve  the  con- 
■tant  for  3h.  Such  logarithms  would  answer  all  the  present  purposes  without  being  open  to 
any  of  the  above  objections ;  the  log.  in  the  Nautical  Almanac  would  then  be  additive  instead 
of  subtractive.  The  proportional  logarithms,  originally  computed  for  the  purpose  of  sim- 
plifying a  single  step  in  a  single  computation,  are  an  example  of  the  ill  effects  of  sacrincmf 
general  utility  to  a  partial  end ;  and  the  substitution  of  others,  at  a  favourable  opportunity, 
Is  reeomatenaed  as  a  reform  deserving  attention. 
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TABLE  1 




TRAVERSE  TABL 

1 

E  TO 

DEGREES 

D 

0-M- 

DistJD.Lat|  Dep. 

Dist  D.  Lai. 

Dep. 

DistJD.Lat. 

Dep. 

Dist.jD.Lat. 

Dep. 

DiatiD.  Let 

1 

Dep. 

.    i            1 
1  ]     i-o  .  o*o 

61 

6i*o 

i*i 

121 

I2I*0 

2*1 

181 

18 1 -o 

r. 

241    2410 

♦•> 

a  !  i-o 

©•0 

62 

62*0 

i*i 

122 

122*0 

2*1 

182 

182*0 

3'* 

242 

242*0 

4*2 

3 

3.0 

O'l 

63 

63*0 

11 

123 

I23*0 

2*1 

183 

183*0 

3-2 

243 

243*0 

4*2 

4 

4*0 

O'l 

64 

64*0 

i*i 

124 

I24*0 

22 

184 

184*0 

3'* 

244 

244-0 

4-3 

5 

5'o 

O'l 

65 

65*0 

i*i 

125 

I250 

22 

185 

185*0 

3'* 

246 

245-0 

4*3 

6  1    6o 

O'l 

66 

660 

I"2 

126 

I26*0 

2*2 

186 

186*0 

3'* 

246 

246*0 

4*3 

7 

7-0 

O'l 

67 

67*0 

1*2 

127 

127*0 

2*2 

187 

187*0 

3'3 

247 

247*0 

4"  3 

8 

80 

O'l 

68 

680 

1*2 

128 

I28'0 

2*2 

188 

i88*o 

3*3 

248 

248*0 

4  3 

9 

90 

O'l 

69 

69-0 

I'2 

129 

I29'0 

2*3 

189 

189*0 

3'3 

249 

2490 

4#3 

10 

10*0 

0*2 

70 

70*0 

1*2 

130 

I30  O 

*'3 

190 

190*0 

3*3 

250 

250*0 

4*4 

11 

11*0 

0*2 

71 

71-0 

1*2 

131 

ISI'O 

*'3 

191 

191-0 

3*3 

251 

251*0 

4*4 

12 

12*0 

0*2 

72 

72*0 

•'3 

132 

132*0 

*'3 

192 

192*0 

3*4 

252 

252*0 

4*4 

13 

13-0 

0*2 

73 

73-0 

"•3 

133 

133*0 

*"3 

193 

1930 

3*4 

253 

253*0 

4*4 

14 

14-0 

0*2 

74 

74-0 

13 

134 

134*0 

*'3 

194 

1940 

3*4 

254 

254*0 

44 

15 

15-0 

0*3 

7* 

75*0 

13 

136 

135*0 

24 

195 

195*0 

3*4 

255 

255*0 

4*5 

16 

16*0 

0*3 

76 

76*0 

13 

136 

136*0 

**4 

196 

196*0 

3*4 

256 

256*0 

4' 5 

17 

17-0 

0*3 

77 

77'o 

**3 

137 

137-0 

**4 

197 

197*0 

3*4 

257 

2570 

4*5 

18 

18*0 

0*3 

78 

78-0 

»'4 

138 

138*0 

**4 

198 

198*0 

3*5 

258 

258*0 

4*5 

19 

19*0 

0-3 

79 

79'° 

"•4 

139 

1390 

2*4 

199 

1990 

3*5 

259 

259*0 

4*  5 

20 

ao*o 

°*3 

80 

8o*o 

i'4 

140 

140*0 

**4 

200    2000 

3*5 

260 

260*0 

4*5 

21 

21*0 

°*4 

81 

8i*o 

«*4 

141 

141*0 

**5 

201 

201*0 

3"5 

261 

261*0 

46 

22 

22*0 

0-4 

82 

82*0 

1*4 

142 

142*0 

*'5 

202 

202  *o 

3*5 

262 

262*0 

46 

23 

23*0 

°*4 

83 

83-0 

'4 

143 

143*0 

**5 

203 

203*0 

3*5 

263 

263*0 

46 

24 

24*0 

0*4 

84 

84-0 

J'5 

144 

144*0 

**5 

204 

204*0 

3-6 

264 

264*0 

46 

25 

25-0 

0*4 

85 

35-o 
860 

*'S 

146 

1450 

*'5 

205 

205*0 
206  *o 

3*6 

265 

265*0 

4*6 

26 

26*0 

°*5 

86 

1#5 

146 

146*0 

*'5 

206 

3'6 

266 

266*0 

46 

27 

27-0 

°'5 

87 

87-0 

»'5 

147 

147*0 

2*6 

207 

207*0 

3-6 

267 

267*0 

4*7 

28 

28*0 

°*5 

88 

88-o 

,#5 

148 

148*0 

2*6 

208 

208  *o 

36 

268 

268*0 

4*7 

29 

29*0 

°'5 

89 

89-0 

i-6 

149 

149*0 

2*6 

209 

209*0 

3*6 

269 

269-0 

4*7 

30 

30*0 

°*5 

90 

90*0 

i*6 

150 

150*0 

2*6 

210 

210*0 

3*7 

270 

270*0 

4*7 

31 

31*0 

°*5 

91 

91*0 

i'6 

151 

151*0 

2*6 

211 

2II*0 

3*7 

271 

271-0 

4"7 

32 

3**o 

o*6 

92 

92*0 

i-6 

152 

152*0 

27 

212 

212*0 

3*7 

272 

272-0 

47 

33 

33*0 

o*6 

93 

93'© 

i*6 

153 

153*0 

2*7 

213 

2I3*0 

3*7 

273 

273*0 

4*8 

34 

34*0 

o*6 

94 

94-0 

i-6 

154 

154*0 

2*7 

214 

2I4'0 

3*7 

274 

274-6 

4-8 

35 

35*0 

o*6 

95 

95-0 

i-7 

165 

155*0 

2-7 

215 

2I5*0 

3*8 

276 

275-0 

4-8 

36 

36*0 

o*6 

96 

96-0 

1*7 

156 

156*0 

*7 

216 

2l6*0 

3'8 

276 

276*0 

48 

37 

37-0 

o*6 

»7 

97-0 

i'7 

157 

157-0 

2*7 

217    ai7'o 

3'8 

277 

277-0 

4'8 

38 

38*0 

0*7 

98 

98  0 

1*7 

158 

1580 

2*8 

218 

218*0 

3'8 

278 

278*0 

4*9 

39 

39*0  1  0*7 

99 

99-0 

1*7 

159 

159*0 
160*0 

2*8 

219 

219*0 

3'8 

279 

2790 

49 

40 

40*0 

0*7 

100 

lOO'O 

1*7 

160 

2*8 

220 

220*0 

3'8 

280 

280*0 

4"9 

41 

■41*0 

0*7 

101 

10 1-0 

i*8 

161 

i6i'o 

2*8 

221 

22  I-O 

3? 

281 

281-0 

4*9 

42 

42*0 

0*7 

102 

102*0 

18 

162 

162*0 

2*8 

222 

222*0 

39 

282 

282-0 

4*9 

43 

43*0 

o*8 

103 

I03'0 

18 

163 

163*0 

2*8 

223 

223*0 

3*9 

283 

283*0 

4*9 

44 

44-0 

08 

104 

I04'0 

i*8 

164 

164*0 

29 

224 

224'0 

3*9 

284 

284*0 

5'o 

45 

45*0 

08 

105 

I05'0 

i*8 

165 

165*0 

2*9 

225 

225*0 

3*9 

285 

285*0 

5'o 

46 

46*0 

o*8 

106 

106*0 

i*8 

166 

166*0 

29 

226 

226*0 

3*9 

286 

286-0 

5*0 

47 

47-0 

o*8 

107 

107*0 

19 

167 

167*0 

29 

227 

227*0 

4*0 

287 

287*0 

50 

48 

48*0 

o*8 

108 

io8#o 

19 

168 

168*0 

29 

228 

228o 

4*0 

288 

288-0 

5*0 

49 

49'° 

0*9 

109 

109*0 

19 

169 

169*0 

29 

229 

229'0 

40 

289 

289*0 

5*0 

50 

50*0 

09 

110 

IIO'O 

19 

170 

170*0 

3*0 

230 

230*0 

4*o 

290 

290*0 

5* 

51 

51*0 

0-9 

111 

1 1  I'O 

19 

171 

171*0 

3*0 

231 

231*0 

4*0 

291 

291*0 

5'i 

52 

520 

°"9 

112 

112*0 

2*0 

172 

172-0 

30 

232 

232*0 

4*0 

292 

292*0 

5** 

53 

53*0 

o-9 

113 

113*0 

2*0 

173 

173-0 

3*o 

233 

233*0 

4*1 

293 

2930 

5i 

54 

54*o 

09 

114 

II4'0 

2*0 

174 

174*0 

3*0 

234 

234*0 

4#i 

294 

294»o 

5'i 

56 

55#o 

1*0 

115 

115*0 

2*0 

175 

175-0 

3' 

235 

235*0 

4'i 

296 

295*0 
196*0 

5' 

56 

56*0 

I'O 

116 

116*0 

2*0 

176 

176*0 

31 

236 

236*0 

4#» 

296 

5-* 

57 

57-0 

I'O 

117 

1 17*0 

2*0 

177 

177-0 

31 

237 

237*0 

4» 

297 

*97'o 

5-* 

58  j  580 

I'O 

118 

ii8*o 

2' I 

178 

178-0 

3*1 

238 

238*0 

4'* 

298 

198*0 

5*2 

59  59-0  '  i*o 

60  '  5o*o  1  ro 

119 

119*0 

2*1 

179 

179-0 

3*i 

239 

239*0 

4** 

299 

299*0 

5** 

120 

120*0 

2*1 

180 

180*0 

3** 

240 

240*0 

4*i 

300 

300*0 

5** 

Dist.|Dep.  |D.Lat 

Diat 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.  La'. 

6 

9° 

5**i 

»6» 

1 

FABL] 

s  1 

43* 

TRAVERSE  TABLE 

TO   J 

DEGREES 

1° 

0h4m 

DUt 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

901 

301-0 

5*3 

361 

3609 

6-3 

421 

4209 

7*3 

481 

4809 

!'♦ 

541 

5409 

9*5 

802 

3020 

5*3 

362 

3619 

6-3 

422 

4219 

7*4 

482 

4819 

5'4 

542 

541*9 

9*5 

303 

3030 

5*3 

363 

3629 

6-3 

423 

4229 

7*4 

483 

4829 

8-5 

543 

542  9 

9*5 

304 

3040 

5*3 

364 

363*9 

6-4 

424 

423*9 

7*4 

484 

4839 

!*5 

544 

543*9 

9*5 

305 

3050 

5*3 

365 

3649 

64 

425 

4249 

7*4 

485 

484-9 

8*5 

545 

544*9 

9*5 

806 

3060 

53 

366 

3659 

6-4 

426 

4259 

7*4 

486 

4859 

8*5 

546 

545*9 

n 

307 

3070 

5*4 

367 

366-9 

64 

427 

426*9 

7*4 

487 

4869 

8-5 

547 

546-9 

308 

3080 

5*4 

368 

3679 

64 

428 

427*9 

7*5 

488 

4879 

8-6 

543 

547*9 

96 

309 

3090 

5*4 

369 

368-9 

64 

429 

4289 

7*5 

489 

4889 

86 

549 

548-9 

9-6 

310 

3100 

5*4 

370 

3699 

6-5 

480 

429*9 

7*5 

490 

4899 

8-6 

550 

549*9 

96 

311 

31 10 

5*4 

371 

37o-9 

6-5 

431 

430-9 

7*5 

491 

4909 

8-6 

551 

550-9 

9*6 

312 

3120 

5*4 

372 

3719 

2'5 

432 

431*9 

7*5 

492 

4919 

8-6 

552 

551-9 

9*6 

313 

3130 

5*5 

373 

3729 

2'5 

433 

4329 

7*5 

493 

492*9 

8*7 

553 

552*9 

97 

314 

3140 

5*5 

374 

373*9 

65 

434 

433*9 

76 

494 

493*9 

87 

554 

553*9 

97 

315 

3150 

5*5 

375 

374*9 

5l 

435 

434*9 

7-6 

495 

494*9 

87 

555 

554  9 

9*7 

316 

316*0 

5*5 

376 

3759 

6-6 

436 

435*9 

7-6 

496 

4959 

8*7 

556 

555*9 

97 

817 

3170 

5*5 

377 

376-9 

6-6 

487 

436-9 

7*6 

497 

496  9 

8*7 

557 

556*9 

97 

818 

3180 

5*5 

378 

3779 

6-6 

438 

437*0 

76 

498 

497*9 

87 

558 

5579 

97 

319 

3190 

5*6 

379 

378-9 

66 

439 

438-9 

77 

499 

498-9 

88 

559 

558*9 

9*8 

320 

3200 

5*6 

380 

379*9 

6-6 

440 

439*9 

7*7 

500 

499*9 

8-8 

560 

559*9 

9*8 

321 

321  0 

5*6 

381 

3809 

67 

441 

4409 

77 

501 

5°°9 

88 

561 

5609 

9*8 

322 

322-0 

5*6 

382 

38r9 

67 

442 

441-9 

7*7 

502 

5019 

8-8 

562 

5619 

9*8 

323 

3230 

5*6 

383 

3829 

67 

443 

4429 

7*7 

503 

502-9 

88 

563 

5629 

9*8 

324 

324-0 

5*6 

384 

383*9 

67 

444 

443*9 

7*7 

504 

503  9 

88 

564 

563'9 

98 

325 

3250 

57 

385 

3849 

67 

445 

444*9 

7*8 

505 

504  9 

8-8 

565 

564-9 

9*9 

326 

3260 

57 

386 

3859 

67 

446 

445*9 

7*8 

506 

5059 

89 

566 

5659 

9*9 

327 

3270 

57 

387 

3869 

6-8 

447 

4469 

7*8 

507 

506  9 

89 

567 

5669 

9*9 

828 

3280 

57 

388 

3879 

6-8 

448 

447*9 

7*8 

508 

507-9 

8*9 

568 

5679 

9*9 

829 

3290 

57 

389 

3889 

6-8 

449 

448-9 

7*8 

509 

5089 

8*9 

569 

568-9 

99 

330 
331 

3300 

5*8 

390 

389*9 

6-8 

450 

449*9 

78 

510 

509*9 

89 

570 

5699 

99 

33i*o 

5*8 

391 

390-9 

6-8 

451 

4509 

7*9 

511 

5109 

90 

571 

570-9 

100 

332 

3320 

s1 

392 

391*9 

6-8 

452 

451*9 

7*9 

512 

5 1 19 

90 

572 

571*9 

io-o 

833 

333o 

5t 

398 

392*9 

6-9 

453 

4529 

7*9 

513 

5129 

90 

573 

5729 

io-o 

334 

333*9 

5i 

394 

3939 

6-9 

454 

453*9 

7*9 

514 

513*9 

90 

574 

573*9 

100 

335 

3349 

5*8 

395 

3949 

6-9 

455 

454*9 

7*9 

515 

514*9 

9-0 

575 

574*9 

100 

836 

335*9 

5*9 

396 

395*9 

6*9 

456 

455*9 

8-0 

516 

5i5*9 

9-0 

576 

575*9 

io*o 

387 

336-9 

5*9 

397 

396'9 

6-9 

457 

4569 

80 

517 

5169 

91 

577 

576*9 

IO'I 

338 

337*9 

5*9 

398 

397*9 

6'9 

458 

457*9 

80 

518 

517*9 

91 

578 

5779 

10 1 

339 

338-9 

5*9 

399 

398*9 

7-0 

459 

458-9 

8-0 

519 

5189 

91 

579 

578*9 

IO'I 

340 

3399 

59 

400 

399*9 

7*o 

460 

459*9 

80 

520 

519*9 

91 

580 

5799 

IO'I 

341 

3409 

60 

401 

4009 

7*o 

461 

4609 

80 

521 

520-9 

9*1 

581 

5809 

IO'I 

342 

341*9 

60 

402 

4019 

70 

462 

4619 

8-1 

522 

521-9 

9*1 

582 

58i-9 

io-i 

343 

342*9 

6-o 

403 

402-9 

7-0 

463 

4629 

8-1 

523 

522*9 

9a 

583 

582-9 

102 

344 

343*9 

6-o 

404 

4039 

7*i 

464 

4639 

81 

524 

523-9 

92 

584 

5839 

10-2 

345 

3449 

60 

405 

404*9 

7*i 

465 

464-9 

81 

525 

5249 

9*2 

585 

584-9 

102 

346 

345*9 

60 

406 

405*9 

7-1 

466 

465-9 

8-i 

526 

5259 

92 

586 

585*9 

102 

847 

3469 

6-i 

407 

4069 

71 

467 

4669 

8-i 

527 

5269 

9*2 

587 

5869 

I02 

348 

3479 

6-i 

408 

407*9 

7i 

468 

4679 

8*2 

528 

527-9 

9-2 

588 

587  9 

IO'2 

349 

348-9 

61 

409 

4089 

7*i 

469 

468-9 

82 

529 

5289 

9*3 

589 

5889 

10  3 

350 

349*9 

61 

410 

4099 

7*2 

470 

4699 

8-2 

530 

5299 

9*3 

590 

589  9 

I03 

351 

35o*9 

61 

411 

4109 

72 

471 

470-9 

82 

531 

5309 

9*3 

591 

590-9 

103 

352 

351*9 

61 

412 

411-9 

7*2 

472 

471*9 

8-2 

532 

531*9 

9*3 

592 

591*9 

103 

353 

352'9 

62 

413 

4129 

7-2 

473 

472*9 

8-2 

533 

532*9 

9*3 

593 

592*9 

103 

354 

353*9 

62 

414 

4139 

72 

474 

473*9 

8'3 

534 

533*9 

9*3 

594 

5939 

103 

355 

3549 

62 

415 

4149 

7'2 

475 

474*9 

8'3 

535 

534*9 

9*4 

595 

594*9 

104 

356 

355*9 

62 

416 

415*9 

7*3 

476 

475*9 

8*3 

536 

535*9 

9*4 

596 

595*9 

104 

357 

356-9 

62 

417 

4169 

7*3 

477 

4769 

8*3 

537 

536*9 

9*4 

597 

596-9 

104 

358 

357*9 

6*2 

418 

417*9 

73 

478 

4779 

8'3 

538 

537*9 

9*4 

598 

597*9 

104 

959 

3589 

63 

419 

4189 

73 

479 

4789 

8*4 

539 

5389 

9*4 

599 

598-9 

104 

360 

3599 

6*3 

420 

4199 

7*3 

480 

4799 

84 

540 

539*9 

94 

600 

5999 

105 

Dist 

Dep. 

D.Ltit 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

89° 

5h 

56m 

FP 


i34 


TABLE    1 


TRAVERSE  TABLE  TO 

DEC 

}REE» 

2° 

0b  3m 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist|D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

1 

i*o 

O'O 

61 

6i*o 

2*1 

121 

120*9 

42 

181    180-9 

63 

241 

2409 

8*4 

2 

i*o 

O'l 

62 

62*0 

2*2 

122 

121*9 

4*3 

182 

181*9 

64 

242 

241*9 

8*4 

3 

3-0 

0*1 

63 

63*0 

2*2 

123 

122*9 

4*3 

183 

182*9 

6*4 

243 

241*9 

8*5 

4 

4*0 

O'l 

64 

64*0 

2*2 

124 

123*9 

4*3 

184 

183-9 

64 

244 

*43*9 

8'5 

6 

5*0 

0*2 

65 

65*0 

2-3 

125 

124*9 

4-4 

186 

184*9 

6*5 

245 

244-9 

8-6 

6  i    6-o 

0*1 

66 

6bo 

a-3 

126 

125*9 

4*4 

186 

185*9 

6-5 

246 

*H5*9 

8*6 

7  •    7*o 

0*2 

67 

67*0 

23 

127 

126*9 

4-4 

187 

1869 

6*5 

247 

246-8 

8*6 

8  :    8*o 

0-3 

68 

68-o 

»'4 

128 

127*9 

4*5 

188 

187-9 

6-6 

248 

247-8 

8*7 

9       9*o 

0*3 

69 

69*0 

**4 

129 

128-9 

4*5 

169 

188*9 

6-6 

249 

248*8 

8*7 

10 

IO'O 

0-3 

70 

70-0 

»*4 

130 

129*9 

4*5 

190 

189-9 

6*6 

250 

249*8 

8*7 

H 

II'O 

0*4 

71 

71*0 

**5 

131 

130*9 

4-6 

191 

190-9 

6-7 

251 

250*8 

8-8 

12 

II'O 

0-4 

72 

72*0 

**5 

132 

131*9 

4*6 

192 

191-9 

6*7 

252 

251*8 

8*3 

13 

I3*0 

0-5 

73 

73-0 

*#5 

133 

1329 

4-6 

193 

192-9 

6*7 

253 

252-8 

8*8 

14 

I4'0 

0-5 

74 

74-0 

2*6 

134 

133*9 

4*7 

194 

193*9 

6*8 

254 

253*8 

8.9 

15 

I50 

0-5 

76 

75-0 

2*6 

135 

134*9 

4*7 

195 

194-9 

6*8 

255 

2548 

8*9 

16 

x6*o 

06 

76 

76-0 

1*7 

136 

135*9 
136*-* 

4*7 

196 

195-9 

6*8 

256 

255-8 

89 

17 

17-0 

c-6 

77 

77-o 

2*7 

137 

4-8 

197 

1969 

6*9 

257 

256-8 

9*0 

18 

180 

o*6 

78 

78-0 

2*7 

138 

"37'f 

4-8 

198 

197-9 

69 

258 

257-8 

9*0 

19 

19*0 

07 

79 

79*0    2-8 

139 

138-9 

4*9 

199 

1989 

6*9 

259 

258-8 

90 

20 

IO'O 

0*7 

80 

8o*o 

2*8 

140 

1399 

4*9 

200 

199-9 

7*0 

260 

259*8 

9*i 

21 

21*0 

0*7 

81 

810 

2*8 

141 

1409 

4*9 

201 

200*9 

7-0 

261 

260*8 

9*i 

22 

22*0  1   Oa8 

82 

82*0 

2-9 

142 

i4i*9 

50 

202 

201-9 

7*0 

262 

2618 

9*1 

23 

23*0 

o-8 

83 

82-9 

29 

143 

142*0 

50 

203 

102-9 

7*i 

263 

262*8 

92 

24 

24*0 

o-8 

84 

83-9 

29 

144 

143*9 

5*0 

204 

103*9 

7-1 

264 

163*8 

92 

26 

25-0 

0-9 

85 

849 

3-0 

145 

1449 

5*1 

205 

204*9 

7*1 

266 

164-8 

9*2 

28 

26-0 

0-9 

86 

III 

30 

146 

145-9 

5*i 

2*6 

205*9 
206 '9 

71 

266 

165*8 

9*3 

27 

27*0 

0-9 

87 

3-0 

147 

1469 

51 

207 

7-2 

267 

166*8 

9*3 

28 

28'0 

1*0 

88 

87-9 

3*i 

148 

147*9 

5"* 

208 

207*9 

7*3 

268 

167*8 

9*4 

29 

29-0 

i#o 

89 

88*9 

31 

149 

1489 

5* 

209 

208-9 

7'3 

269 

1688 

9*4 

30 

30*0 

I'O 

90 

89-9 

3*1 

150 

149*9 

5'* 

210 

209*9 

7*3 

270 

169*8 

9*4 

31 

310 

1*1 

91 

9o-9 

32 

151 

1509 

5*3 

211 

210*9 

7*4 

271 

170*8 

9*5 

32 

32*0 

1-1 

92 

919 

3*2 

162 

1519 

5*3 

212 

111*9 

7'4 

272 

171-8 

9*5 

33 

33*0 

I '2 

93 

929 

3*2 

153 

1529 

5*3 

213 

111*9 

7#4 

273 

172*8 

9*5 

34 

34-0 

1*2 

94 

93*9 

3*3 

154 

1539 

5*4 

214 

113-9 

7'5 

274 

273-8 

96 

3d 

350 

l'l 

95 

94*9 

3*3 

155 

154*9 

5*4 

215 

214-9 

7'5 

275 

174*8 

9*6 

36 

36*0 

1*3 

96 

95*9 

3*4 

166 

1559 

5*4 

216 

2159 

7*5 

276 

175*8 

9*6 

87 

37*o 

i*3 

97 

969 

3*4 

167 

156-9 

5*5 

217 

216*9 

7*6 

277 

176-8 

9*7 

38 

38*0 

"'3 

96 

97*9 

3*4 

158  j  1579 

5*5 

218 

217*9 

7-6 

278 

177-8 

9*7 

39 

390 

'•4 

90 

98-9 

3*5 

1591  158-9 

5*5 

219 

218*9 

7-6 

279 

178*8 

9*7 

40 

40*0 

i'4 

100 

99*9 

3*5 

160  1  159-9 

5*6 

220 

219*9 

7*7 

280 

279*8 

9*8 

41 

41-0 

«'4 

101 

100*9 

3*5 

161 

160-9 

5*6 

221 

220-9 

7*7 

281 

2808 

9*8 

42  >  42*0 

1*5 

102 

101*9 

3-6 

162 

i6i*9 

5*7 

222 

221*9 

7*7 

282 

281-8 

98 

43  i  43-o 

i*5 

103 

102*9 

3*6 

163 

162*9 

5*7 

223 

222*9 

7*8 

283 

182*8 

9*9 

44     44-o 

i*5 

104 

1039 

3* 

164 

1639 

5*7 

224 

223*9 

7*8 

284 

183*8 

9*9 

45     450 

16 

105 

104-9 

3'7 

165 

1649 

5*8 

225 

224*9 

7*9 

285 

1848 

9*9 

46 

46-0 

16 

106 

1059 

3  7 

166 

165-9 

5-8 

226 

2259 

7*9 

286 

1858 

io-o 

47 

47«o 

i*6 

107 

106*9 

3*7 

167 

1669 

5*8 

227 

226*9 

7*9 

287 

186*8 

IO'O 

48 

480 

i*7 

108 

107-9 

3*8 

168 

1679 

59 

228 

2179 

8*o 

288 

287*8 

10*1 

49 

49-0 

i*7 

109 

io8*9 

3*8 

169 

1689 

5*9 

229 

228'9 

8-o 

289 

1888 

io-i 

60 

50-0 

1*7 

110 

109-9 

3*8. 

170    1699 

5*9 

230 

229*9 

8*o 

290 

1898 

IO'l 

61  |  51-0 

i-8 

111 

J  10*9 

3*9 

171     1709 

6-o 

231 

2309 

81 

291 

290*8 

IO*2 

52 

520 

18 

112 

in*9 

3*9 

172 

171*9 

60 

232 

231*9 

8-1 

292 

291-8 

IO*2 

53 

53-0 

18 

113 

112*9 

3*9 

173 

172*9 

60 

233 

232*9 

81 

293 

292*8 

IO*l 

54 

54-0 

i-9 

114 

113-9 

4*0 

174 

173*9 

61 

234 

233-9 

8-2 

294 

293*8 

10*3 

55 

55-0 

i*9 

115 

1149 

4*0 

175 

174*9 

6*i 

235 

*34*9 

82 

295 

294*8 

10*3 

56 

56*0 

2*0 

116 

1159 

4*0 

176 

175*9 

61 

236 

235*9 

8*2 

296 

295*8 

10*3 

67 

57*0 

2*0 

117 

1x6*9 

4» 

177 

176-9 

6-a 

237 

236*9 

8*3 

297 

296*8 

10*4 

58     58-0 

2*0 

118 

117*9 

4*' 

178 

177*9 

6*2 

238 

237-9 

8*3 

298 

297*8 

10*4 

!•  1  f  9*° 

2*1 

119 

n8'9 

4-2 

179 

178*9 

6-a 

239 

238*9 

8*3 

299 

2988 

10-4 

60  I  6o*o 

2'I 

120 

1199 

4*2 

180 

179-9 

6*3 

240 

2399 

8*4 

300 

299-8 

10*5 

Diet!  Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

8* 

*° 

5» 

52°" 

TABLE  1 
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2° 

Oh  Om 

Dist. 

D.Lat 

Dep. 

Diet. 

D.Lat. 

Dep. 

Dist. 

D.La. 

Dep. 

Dist. 

D.  Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

801 

3008 

io-5 

361 

3608 

126 

421 

4208 

147 

481 

4807 

168 

541 

5407 

189 

302 

301 -8 

105 

362 

3618 

126 

422 

4218 

147 

482 

4817 

168 

542 

5417 

18-9 

303 

3028 

106 

363 

3628 

127 

423 

4228 

147 

483 

4827 

168 

543 

542-7 

189 

804 

303-8 

106 

364 

3638 

127 

424 

4238 

148 

484 

4837 

169 

544 

5437 

190 

305 

3048 

106 

365 

3648 

127 

425 

4248 

148 

485 

4847 

169 

545 

5447 

19-0 

306 

3058 

107 

366 

3658 

128 

426 

4257 

149 

486 

4857 

169 

546 

5457 

190 

307 

3068 

107 

367 

3668 

128 

427 

4267 

149 

487 

4867 

170 

547 

5467 

191 

308 

3078 

107 

368 

3678 

128 

428 

4277 

149 

488 

487*7 

17-0 

548 

547*7 

191 

309 

3088 

108 

369 

3688 

129 

429 

4287 

150 

489 

4887 

17-0 

549 

548*7 

191 

310 

3098 

108 

370 

3698 

129 

129 

430 
431 

4297 
4307 

150 

490 
491 

3897 
4907 

17-1 

~ 17  r 

550 

5497 

19-2 

311 

310-8 

108 

371 

3708 

150 

551 

5507 

192 

312 

3"8 

109 

872 

371-8 

130 

432 

4317 

151 

492 

4917 

171 

552 

551*7 

19*2 

313 

3128 

10-9 

373 

3728 

130 

433 

4327 

151 

493 

4927 

17-2 

553 

5527 

19-3 

314 

313-8 

109 

374 

3738 

130 

4£4 

4337 

15-1 

494 

4937 

17-2 

554 

5537 

193 

315 

3H-8 

no 

375 

374'8 

131 

435 

4347 

152 

495 

4947 

17*2 

555 

5547 

19*3 

816 

3'5'8 

11  0 

376 

3758 

131 

436 

435  7 

152 

496 

4957 

17*3 

556 

5557 

19*4 

817 

3168 

no 

377 

3768 

131 

437 

4367 

152 

497 

4967 

17*3 

557 

5567 

19-4 

318 

317*8 

hi 

378 

377*8 

132 

438 

4377 

153 

498 

4977 

173 

558 

5577 

194 

819 

3188 

hi 

379 

3788 

132 

439 

438*7 

15*3 

499 

4987 

17*4 

559 

5587 

195 

320 

319  8 

ii'2 
"iT-2- 

380 

379'8 

132 

440 

.4397 
4407 

153 

500 

4997 

17*4 
175 

560 

559  7 

195 
195 

321 

3208 

381 

380-8 

133 

441 

154 

501 

5007 

561 

5607 

822 

3218 

11*2 

382 

3818 

133 

442 

4417 

154 

502 

5017 

175 

562 

5617 

196 

323 

3228 

113 

383 

3828 

13-3 

443 

4427 

154 

503 

5027 

175 

563 

5627 

196 

324 

3238 

113 

384 

3838 

134 

444 

4437 

155 

504 

5037 

176 

564 

563*7 

196 

825 

3248 

n*3 

385 

3848 

134 

445 

4447 

15*5 

505 

5047 

176 

565 

5647 

19  7 

326 

3258 

1 14 

386 

3858 

135 

446 

4457 

156 

506 

5057 

176 

566 

5657 

197 

327 

3268 

1 1-4 

887 

3868 

135 

447 

4467 

156 

507 

5067 

177 

567 

5667 

197 

328 

3278 

1 1-4 

388 

3»7-8 

135 

448 

4477 

156 

508 

5077 

177 

568 

567*7 

19-8 

329 

3288 

«'S 

389 

3888 

136 

449 

4487 

"57 

509 

5087 

177 

569 

568-7 

198 

380 

3298 

n-5 

390 

3898 
3908 

136 
136 

450 

4497 

157 
157 

510 
511 

5097 
5107 

178 

570 

5697 

199 

381 

33o8 

115 

391 

451 

4507 

17*8 

571 

5707 

19-9 

332 

331-8 

116 

392 

39i8 

137 

452 

4517 

158 

512 

5117 

178 

572 

5717 

199 

333 

3328 

1 1-6 

393 

3928 

137 

453 

4527 

158 

513 

5127 

179 

573 

5727 

200 

334 

333*8 

1  r6 

394 

393*8 

137 

454 

453  7 

158 

514 

5137 

179 

574 

573*6 

200 

335 

334*8 

117 

395 

394*8 

138 

455 

4547 

159 

515 

5147 

179 

575 

574*6 

200 

336 

335*8 

117 

396 

395-8 

138 

456 

4557 

'5  9 

516 

5157 

180 

576 

5756 

201 

337 

3368 

117 

397 

3968 

138 

457 

4567 

159 

517 

516  7 

180 

577 

576  6 

20- 1 

33S 

3378 

118 

398 

3978 

13*9 

458 

4577 

160 

513 

5177 

181 

578 

577*6 

20- 1 

339 

3388 

u-8 

399 

3988 

I3'9 

459 

4587 

160 

519 

5187 

181 

579 

5786 

202 

340 

339*8 

n-9 

400 

399-8 

139 
140 

460 

4597 

160 

520 
521 

JI£7. 

5207 

181 

182 

580 

579*6 

20-2 

341 

340^ 

ii*9 

401 

4008 

461 

4607 

161 

581 

5806 

202 

342 

341*8 

1 1-9 

402 

401*8 

140 

462 

4617 

161 

522 

5217 

182 

582 

5816 

20-3 

343 

342-8 

120 

403 

402-8 

140 

463 

4627 

161 

523 

5227 

1 82 

583 

5826 

20'3 

344 

3438 

120 

404 

4038 

141 

464 

4637 

1 6*2 

524 

5237 

183 

584 

5836 

20*3 

345 

344-8 

120 

405 

4048 

141 

465 

4647 

162 

525 

5247 

183 

585 

584-6 

204 

846 

345*8 

121 

406 

4058 

142 

466 

4657 

l6'2 

526 

5257 

18-4 

586 

5856 

20*4 

847 

3468 

12  1 

407 

4068 

142 

467 

4667 

163 

527 

5267 

184 

587 

5866 

20-4 

848 

347  8 

121 

408 

407-8 

142 

468 

4677 

163 

528 

5277 

184 

588 

587  6 

20-5 

340 

3488 

12*2 

409 

4088 

I4'3 

469 

4687 

16-4 

529 

5287 

i8-5 

589 

588-6 

20-5 

350 

349  8 

I2'2 

410 

4098 

143 
14  3 

470 

4697 

16-4 
164 

530 
531 

5297 
5307 

185 
185 

590 

5896 

20*5 

851 

350-8 

122 

411 

4108 

471     4707 

591 

5906 

20-6 

352 

351-8 

123 

412 

41  r8 

144 

472 

4717 

16-5 

532 

5317 

186 

592 

5916 

206 

853 

3528 

I2'3 

413 

4128 

144 

473 

472  7 

16-5 

533 

5327 

186 

593 

5926 

20*6 

354 

353*8 

123 

414 

4138 

14-4 

474 

473  7 

16-5 

534 

5337 

186 

594 

593'6 

207 

355 

3548 

I2'4 

415 

4148 

145 

475 

4747 

166 

535 

5347 

187 

595 

5946 

207 

356 

355*8 

124 

416 

4158 

'45 

476 

4757 

166 

536 

5357 

187 

596 

595'6 

207 

857 

3568 

124 

417 

4168 

H'S 

477 

4767 

166 

537 

5367 

187 

597 

5966 

208 

85o\ 

357*8 

125 

418 

4178 

146 

478 

4777 

167 

538 

5377 

188 

598 

597*6 

208 

359 

3588 

125 

419 

4188 

146 

479 

4787 

167 

539 

5387 

188 

599 

598-6 

208 

360 

359*8 

125 

420 

4198 

146 

480 

4797 

167 

540 

5397 

188 

6uO 

5996 

209 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

88° 

6h52» 

486 
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8°                                                    0h  12m 

Dist 

D.Lat 

Dep. 

Dist 

D.  Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist 

D.  LatJ  Dep. 

1 
2 

s 

4 
5 
6 
7 
8 
9 
10 

ro 

2*0 

3-o 
40 

6*o 

7*o 
8*o 

9*o 

10*0 

o*i 

O'l 
0*2 
0*2 

0-3 
0-3 
0*4 
0-4 
0-5 
°'S 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

60*9 
61*9 
62*9 
639 
64*9 
65-9 
66*9 
67-9 
689 
699 

3** 
3-2 

3*3 
3*3 
3*4 
3*5 

H 

3*6 

3*7 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

iao-8 

I2I-8 

122-8 
1238 
1248 
115-8 
126-8 
127-8 
1288 
129-8 

63 
6-4 

6-5 

6-5 
6-6 
6-6 
6-7 
6-8 
6-8 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

i8o*8 
1818 
1827 
183*7 
184*7 

185*7 
186*7 

187*7 
188*7 
189*7 

95 

96 
9*7 

rl 
9-8 

9*8 
9.9 

9*9 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 

240*7 
241*7 
242*7 

*43*7 
244-7 
245-7 
246*7 

*47*7 
248*7 
149-7 

12-6 

12-7 

11-7 
n-8 
118 
12-9 
129 
13*0 
13*0 
13*1 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

II'O 

II'O 
I3'0 
I4-O 
I5'0 

16-0 
17*0 
l8*o 
19*0 

10 'O 

o*6 
o-6 
0-7 
0-7 
08 
o-8 
09 
0-9 

1*0 

ro 

71 
72 
73 
74 
76 
76 
77 
78 
79 
80 

709 
71-9 
729 
73'9 
74*9 
759 
76-9 

77*9 
78-9 

79*9 

3*7 

r« 

3'8 

3*9 
3.9 

4-0 
4-0 
4'i 
4** 
4-2 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

130-8 
i3r8 
132-8 
133-8 
1348 
1358 
136-8 
137-8 
138-8 
139-8 

i9 

6*9 

7*0 
7-0 
7*1 
7-1 
7-2 
7-2 
7*3 
7*3 

191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

190*7 

I9i'7 
192-7 

193*7 
194*7 
195'7 
196-7 

197*7 
198-7 
199-7 

io-o 
10-0 
io-i 

10-2 
IO*2 

10-3 
10-3 
10-4 
10-4 
io-f 

261 
252 
253 
264 
255 
266 
267 
258 
259 
260 

150*7 
151*7 
152*7 
*53*7 
254*7 
255*6 
256*6 
257*6 
2586 
259*6 

'3*1 

13*2 
13*2 

13-3 
13-3 
13-4 

»3*5 
13*5 
.3*6 
13*6 

21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 

21*0 
22*0 
23*0 
24*0 
25-0 
26*0 
27*0 
280 
29*0 
30*0 

1*1 
I-I 

1*2 
I '2 
1*3 
'•4 

1 '4 
i*5 
1*5 
i*6 

81 
82 
83 
84 
85 
86 
87 
**8 
89 
90 

80*9 
81*9 
82*9 
839 
84-9 

86*9 
87-9 
88*9 
89-9 

4* 
4*3 
4*3 
4*4 
4*4 

Si 

4-6 
4*7 

4' 7 

141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

140-8 
i4i'8 
142*8 
143-8 
144-8 
145-8 
146-  8 
147-8 
148*8 
149'8 

7*4 
7'4 
7'5 
7' 5 
7-6 
7*6 
7*7 
7*7 
7-8 
79 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

200-7 
201-7 
102-7 
203-7 
104*7 
105-7 
206-7 
207*7 
208-7 
209-7 

10-5 
io-6 
io-6 
10-7 
10-7 
io-8 
10-8 
10-9 
109 

II'O 

261 
262 
263 
264 
265 
266 
267 
268 
269 
270 

260*6 
261-6 
262-6 
263*6 
264-6 
265-6 
2666 
267-6 
268*6 
169-6 

13*7 
13*7 
13-8 
13*8 
13*9 
13*9 
14*0 
140 
14*  1 
14*1 

31 
32 
33 
34 

35 
36 
37 
38 
39 
40 

31'0 
32*0 

33-0 
34-0 
35-0 
36*0 
369 

37*9 
38-9 
399 

i-6 

1-7 

1*7 
r8 
18 

i*9 
1-9 

2'0 
2*0 
2*1 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

90-9 
919 
92-9 
93*9 
94*9 

95*9 
96-9 
97.9 
989 
99*9 

4-8 
4-8 
4*9 
4*9 
5*o 
5*o 
5*' 
5'i 
5** 
5"* 

151 
152 

153 
154 
155 
156 
167 
158 
159 
160 

150-8 
151-8 
152-8 
153-8 
1548 
155-8 
156-8 
157*8 
158-8 
159-8 

7*9 
8-o 
So 
8-i 
81 
82 
82 
8-3 
8*3 
8-4 

211 
212 
213 
214 
215 
216 
217 
218 
219 
220 

210*7 
211*7 
212-7 

213-7 
214-7 

2,5.7 

216-7 

217*7 
218*7 
219-7 

ii-o 
II-I 
II-I 
11-1 

ii*3 
11.3 

ii*4 
114 
11*5 
n*5 

271 
272 
273 

274 
275 
276 
277 
278 
279 
280 

170-6 
171-6 
171-6 
173-6 
174-6 
175-6 
176-6 
177"6 
278*6 
279-6 

14*2 
14*2 
H*3 
14*3 
14*4 
144 

14*5 
14*5 
14-6 

14*7 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

40-9 
419 
42-9 
43*9 
44*9 
45#9 
46-9 

47*9 
489 

49*9 

2*1 
2*2 

2-3 

**3 
2*4 

2-4 
2-5 
**5 

2'6 
2.6 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

100*9 
101*9 
102-9 
103-9 
1049 
105-9 
106-9 
107-9 
108-9 
109*9 

53 
5*3 
5*4 
5*4 
5*5 
5*5 
5-6 
57 
5*7 
5*8 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

160-8 
1618 
162-8 
163-8 
164-8 
165-8 
166-8 
167-8 
168*8 
169-8 

8-4 
8*5 
8'5 
8-6 
8*6 
8*7 
8-7 
8-8 
8*8 
8*9 

221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

220-7 
211-7 

222*7 
223-7 
224-7 
215-7 
226-7 
227*7 
228-7 
229-7 

n-6 
n-6 

11-7 

ii*7 
n-8 
n-8 
11-9 
11*9 

II'O 
Il-O 

281 
282 
283 
284 
285 
286 
287 
288 
289 
290 

180-6 
2816 
181-6 
183-6 
184-6 
185-6 
286-6 
187-6 
1886 
289*6 

14*7 
148 
14-8 

14*9 
14*9 
15-0 
15-0 
15*1 
15*1 
152 

61 
5? 
53 
54 
55 
56 
67 
58 
59 
60 

509 
51-9 
52*9 
53*9 
54*9 
55*9 
56-9 

57*9 
58-9 

599 

2-7 
2-7 

2-8 

1*8 
2-9 
2-9 

JO 

r° 

3'' 
3*' 

HI 
112 
113 
114 
115 
116 
117 
118 
119 
120 

no-8 
ni-8 
1128 
113-8 
1 14-8 
115-8 
ii6«8 
117*8 
u8-8 
119*8 

5'8 
5*9 

6*o 
6-o 
6-i 
61 
62 
6-2 
6-3 

171 
172 
173 
174 
175 
176 
177 
178 
170 
180 

170-8 
171-8 
172-8 
173*8 
174*8 
175-8 
1768 

177-8 
178-8 
179-8 

8-9 
90 
9" 
9*1 
92 
92 
9*3 
9*3 
9*4 
9*4 

231 
232 
233 
234 
236 
236 
237 
238 
239 
240 

130*7 
23I-7 
232-7 

*33'7 
134*7 

235*7 
236-7 

237*7 
2387 
239-7 

12- 1 
12-1 
12*2 
12*2 

12-3 
12-4 
12-4 

12*5 
12'5 

12-6 

291 
292 
293 
294 
295 
296 
297 
298 
299 
300 

190*6 
191*6 
192-6 
193*6 
194*6 
195*6 
196-6 
197-6 
298*6 
299-6 

152 
15*3 
15-3 
15*4 
15*4 
15*5 
15*5 
,5-6 
15*6 
15-7 

foist 

Dep. 

D.Lat 

Dist   Dep.  I  D.Lat 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 
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TABLE  1 


48? 


TRAVER8E  TABLE  TO  DEGREES 

8° 

Oh  12m 

Diat 

D.Lat 

Dtp. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist.  D.  Lat. 

I 

Dup. 

301 

300-6 

'57 

361 

3605 

189 

421 

420-4 

22*0 

481 

480-3 

252 

541 

540-2 

28-3 

802 

301-6 

15* 

362 

36i*5 

19*0 

422 

4214 

22- 1 

482 

4813 

252 

542 

541*2 

284 

803 

3026 

15*9 

363 

3625 

190 

423 

422-4 

22*2 

483 

4823 

25*3 

543 

542*2 

284 

304 

303*5 

15*9 

364 

363*5 

191 

424 

423*4 

22-2 

484 

483*3 

253 

544 

543*2 

28.5 

305 

304-5 

160 

365 

3645 

191 

425 

4244 

223 

485 

484*3 

25*4 

545 

544*2 

285 
286 

306 

305*5 

1 6-0 

366 

3655 

19*2 

426 

425*4 

22*3 

486 

4853 

25*4 

546 

545*2 

307 

3065 

161 

367 

366-5 

192 

427 

4264 

22*4 

487 

4863 

255 

547 

5462 

286 

308 

307'5 

i6-i 

368 

367-5 

19*3 

428 

427*4 

22'4 

488 

*Ll* 

255 

548 

547-2 

287 

309 

3085 

l6'2 

369 

368-5 

19*3 

429 

4284 

22'5 

489 

4883 

25-6 

549 

5482 

287 
288 

310 

3095 

16-2 

370 

3695 

194 

430 

429*4 

22  5 
22-6 

490 

489*3 

256 

550 

5492 

311 

3105 

163 

371 

370-5 

19*4 

431 

430*4 

491 

4903 

25*7 

551 

550-2 

288 

812 

3i  1 '5 

16-3 

372 

371*5 

19*5 

432 

431*4 

22  6 

492 

491*3 

257 

552 

551*2 

28-9 

313 

3"*5 

1 6*4 

373 

372*5 

19*5 

433 

432*4 

22*7 

493 

492*3 

25*8 

553 

552*2 

289 

314 

3135 

1 6-4 

374 

373*5 

196 

434 

433*4 

22*7 

494 

493*3 

259 

554 

553*3 

29*0 

315 

314*5 

165 

375 

374*5 

196 

435 

434*4 

228 

495 

494*3 

259 

555 

554*2 

29'I 

316 

315*5 

166 

376 

375*5 

197 

436 

435*4 

228 

496 

495*3 

26-0 

556 

555-2 

29'I 

317 

316-5 

16-6 

377 

376-5 

198 

437 

436*4 

22*9 

497 

496*3 

260 

557 

556-2 

29  2 

318 

3175 

167 

378 

3774 

198 

438 

437*4 

22 '9 

498 

497*3 

261 

558 

557*2 

29-2 

819 

3i8*5 

167 

379 

3784 

199 

439 

438*4 

23*0 

499 

498-3 

26-1 

559 

558-2 

29*3 

320 

319*5 

168 

380 

379*4 

199 

440 

439*4 

230 
23'f 

500 
501 

4993 
5003 

26*2 
26-2" 

560 
561 

5592 

29*3 

321 

3205 

ibs 

381 

380-4 

200 

441 

4404 

5602 

294 

322 

3*1*5 

169 

382 

3»i-4 

200 

442 

4414 

23*  I 

502 

5013 

263 

562 

5612 

29*4 

323 

3225 

16-9 

383 

3824 

20*I 

443 

442*4 

232 

503 

5023 

26-3 

563 

562-2 

29*5 

324 

323*5 

170 

384 

3834 

20-1 

444 

443*4 

23*3 

504 

503*3 

26-4 

564 

563*2 

29*5 

325 

324*5 

170 

385 

3844 

20'2 

445 

444*4 

23*3 

505 

504*3 

26*4 

565 

5642 

29-6 

326 

325*5 

171 

386 

385*4 

20'2 

446 

445*4 

23*4 

506 

505*3 

265 

566 

5652 

29-6 

327 

3265 

171 

387 

3864 

20'3 

447 

4464 

23*4 

507 

5063 

265 

567 

5662 

297 

328 

327*5 

17-2 

388 

387  4 

20*3 

448 

447*4 

23*5 

508 

507*3 

266 

568 

567*2 

297 

329 

3285 

172 

389 

3884 

20-4 

449 

4484 

23*5 

509 

5083 

266 

569 

568-3 

29*8 

380 

3295 

17*3 

390 

389*4 

20'4 

450 

4493 
450*3 

236 

510 

5093 

267 

570 

5692 

298 

331 

330*5 

17*3 

391 

390  4 

20'5 

451 

236 

511 

5103 

26-7 

571 

570-2 

299 

332 

331*5 

17*4 

392 

391*4 

20*5 

452 

451*3 

237 

512 

51 1-3 

268 

572 

571*2 

29*9 

333 

332*5 

175 

393 

392-4 

20§ 

453 

452*3 

23*7 

513 

512-3 

268 

573 

572*2 

30-0 

334 

333*5 

17*5 

394 

393*4 

20  6 

454 

453*3 

238 

514 

5»3*3 

269 

574 

573*2 

300 

335 

334*5 

176 

395 

394*4 

207 

455 

454*3 

23-8 

515 

514*3 

27-0 

575 

574*2 

30*1 

336 

335*5 

176 

396 

395*4 

207 

456 

455*3 

23*9 

516 

515*3 

27-0 

576 

575*2 

301 

337 

336*5 

17  7 

397 

396-4 

208 

457 

456*3 

23*9 

517 

516-3 

271 

577 

576'2 

302 

338 

337*5 

177 

398 

397*4 

208 

458 

457*3 

24-0 

518 

517*3 

271 

578 

577*2 

302 

839 

33*5 

178 

399 

398-4 

209 

459 

458*3 

240 

519 

5183 

272 

579 

578-2 

30*3 

340 

339*5 
3405 

178 

400 

399*4 

20*9 
210 

460 

459*3 

241 

520 

519  3 
5203 

272 

580 

5792 

303 

341 

17*9 

401 

4004 

461 

4603 

241 

521 

273 

581 

5802 

304 

342 

341*5 

17*9 

402 

4014 

21-1 

462 

46r3 

242 

522 

521*3 

27*3 

582 

5812 

304 

843 

342*5 

180 

403 

4024 

211 

463 

4623 

24-2 

523 

5223 

27*4 

583 

582-2 

3o-5 

344 

343*5 

i8x> 

404 

403"4 

21-2 

464 

4633 

24*3 

524 

523*3 

27*4 

584 

583*2 

30*5 

345 

344*5 

181 

405 

4044 

2 12 

465 

4643 

24*4 

525 

524*3 

27*5 

585 

5842 

306 

846 

345  5 
3465 

181 

406 

405*4 

213 

466 

4653 

24*4 

526 

525*3 

275 

586 

585-2 

30-6 

847 

18*2 

407 

4064 

21'3 

467 

4663 

24*5 

527 

526-3 

276 

587 

5862 

307 

348 

347*5 

182 

408 

407*4 

21-4 

468 

467*3 

245 
246 

528 

527*3 

276 

588 

587*2 

307 

849 

348-5 

'183 

409 

408-4 

214 

469 

4683 

529 

5283 

277 

589 

5882 

308 

850 

349*5 

18-3 

410 

409*4 

215 

470 
471 

4693 

246 

530 

529*3 
530*3 

277 
278 

590 

5892 

309 

351 

350*5 

18-4 

411 

4104 

21'5 

4703 

247 

531 

591 

590-2 

30*9 

352 

351*5 

184 

412 

41 1-4 

21*6 

472 

471*3 

24*7 

532 

531-3 

278 

592 

591*2 

310 

353 

352*5 

185 

413 

4124 

216 

473 

472*3 

24*8 

533 

532*3 

27*9 

593 

592*2 

31*0 

354 

3535 

185 

414 

4134 

217 

474 

473*3 

248 

534 

533*3 

279 

594 

593*2 

311 

855 

354*5 

186 

415 

4'4*4 

21-7 

475 

474*3 

24*9 

535 

534*3 

280 

595 

594*2 

31*1 

356 

3555 

186 

416 

415*4 

218 

476 

475*3 

24*9 

536 

535*3 

281 

596 

595*2 

31*2 

357 

356*5 

187 

417 

4164 

218 

477 

476'3 

25*0 

537 

536*3 

281 

597 

596*2 

312 

358 

357*5 

188 

418 

417*4 

21*9 

478 

477*3 

250 

538 

537*3 

282 

598 

597*2 

313 

359 

358*5 

188 

419 

4184 

219 

479 

478-3 

251 

539 

538*3 

28-2 

599 

598*2 

313 

360 

359*5 

189    4S0 

419*4 

220 

480 

479*3 

251 

540 

539*3 

283 

600 

599*2 

31-4 

Dist. 

Dep. 

D.LatlDist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dift 

Dep. 

D.Lat. 

87° 

5h 

48- 
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TABLE  1 


TRAVERSE  TABLE  TO  DEGREES 

4° 

0U6- 

DistJD.Ut 

Dep. 

Dikt 

D.Lat 

Dep. 

Dist 

D.Lit 

Dep. 

Dis  J  D.Lat 

J  Dep. 

Dist 

D.Ut.j  Dep. 

1  '    ,*o 

O'l 

61 

6c,*o 
618 

4*3 

121 

1207 

8*4 

181     i8o*6 

12*6 

241 

240-4  ,   16*8 

2       2-o 

o*i 

62 

4'3 

122 

1217 

8*5 

182 

181*6 

12*7 

242 

2414.   169 

3 

3*° 

0*2 

63 

628 

4*4 

123 

1227 

8*6 

183 

1826 

12-8 

243 

242*4  j   17*0 

4 

4*o 

0-3 

64 

638 

4*5 

124 

1237 

8*6 

184 

1836 

12*8 

244 

243*4-   17-0 

6 

5«o 

0*3 

65 

648 

4'5 

125 

1247 

8-7 

186 

184*5 

12*9 

245 

*44'4 

17*  1 

• 

6»o 

0-4 

66 

65-8 
66-8 

4.6 

126 

1257 

8*8 

186 

1855 

13-0 

246 

•H54 

172 

7 

7*o 

0-5 

67 

4'7 

W 

1267 

89 

187 

1865 

130 

247 

246*4 

17*2 

8 

8-o 

06 

68 

67-8 

4*7 

128 

1277 

8*9 

188 

187*5 

131 

248 

-H7-4 

17*3 

9 
10 

9-o 

o*6 

69 

68*8 

4*8 

129 

1287 

9*0 

189 

1885 

132 

249 

248*41   17*4 

IO'O 

07 

70 

69-8 

49 

130 

1297 

9*1 

190 

189-5 

133 

260 

249-4  1  17*4 

11 

Il'O 

o*8 

71 

70-8 

50 

131 

1307 

91 

19) 

1905 

13-3 

251 

250*4 

17-5 

12 

12*0 

o*8 

72 

7r8 

5*0 

132 

1317 

92 

192 

191*5 

134 

252 

2514 

176 

13 

13*0 

09 

73 

72-8 

5*i 

133 

1327 

9'3 

193 

1925 

135 

253 

252*4 

176 

14 

140 

I'O 

74 

73-8 

5** 

134 

133*7 

9*3 

194 

193*5 

,3'I 

13-6 

264 

*53*4 

17*7 

15 

15-0 

I'O 

76 

74-8 

5-2 

136 

134*7 

9*4 

195 

194*5 

266 

*54'4 

17*8 

16 

16*0 

I'l 

76 

75-8 
768 

5'3 

136 

135*7 

9*5 

196;  195-5 

13-7 

256 

*55*4 

17*9 

17 

17-0 

1*2 

77 

5*4 

137 

1367 

9*6 

197 

196*5 

13-7 

257 

256-4 

17-9 

18 

18*0 

*'3 

78 

77*8 

5'4 

138 

137*7 

96 

198 

1975 

138 

258 

*57'4 

180 

19 

19*0 

i'3 

79 

788 

U 

139 

1387 

9*7 

199 

198-5 

139 

269 

2584 

181 

20 

20*0 

*"4 

80 

798 

140 

139*7 

9-8 

200    199-5 

140 

260 

*59*4 

181 

21 

20*9 

i'5 

81 

808 

5*7 

141 

1407 

98 

201 

200*5 

14-0 

261 

260*4 

18*2 

22 

21*9 

1* 

82 

8r8 

5*7 

142 

1417 

99 

202 

20I»5 

14-1 

262 

261*4 

18.3 

23 

22*9 

r6 

83 

82*8 

58 

143 

1427 

IO'O 

203 

202  •  5 

14-2 

263 

262*4 

183 

24 

23'9 

i'7 

84 

83-8 

5*9 

144 

1436 

IO'O 

204 

203*5 

142 

264 

263*4 

184 

25 

249 

17 

86 

84-8 

5*9 

145 

1446 

IO'I 

205 

204*5 

143 

265 

264-4 

185 

26 

259 

r8 

86 

858 

60 

146 

145-6 

IO*2 

206 

205*5 
206-5 

144 

266 

265*4 

186 

27 

26*9 

19 

87 

86-8 

6-i 

147 

146*6 

103 

207 

14*4 

267 

2663 

18*6 

28 

27-0 

2*0 

88 

878 

61 

148 

1476 

10*3 

208 

207*5 

145 

268 

267*3 

187 

29  j  28*9 

2*0 

89 

88-8 

6-2 

149 

i486 

104 

209 

208-5 

14*6 

269 

2683 

188 

30  I  29*9 

2'I 

90 

89-8 

6.3 

150 

1496 

10*5 

210 

209*5 

14*6 

270 

2693 

188 

31 

30*9 

2*2 

91 

90-8 

6.3 

161 

150*6 

io-c 
10*6 

211 

210*5 

14-7 

271 

270*3 

189 

32 

31*9 

2'* 

92 

918 

6'4 

152 

151*6 

212 

2115 

148 

272 

271*3 

190 

33 

3*9 

*#3 

93 

928 

f'f 

153 

152*6 

10*7 

213 

212*5 

149 

*73 

*7**3 

19*0 

34 

33*9 

*#4 

94 

93*8 

6-6 

154 

1536 

10*7 

214 

213*5 

149 

274 

273*3 

19*  1 

35 

34'9 

**4 

96 

94-8 

6-6 

156 

1546 

108 

215 

214*5 

15*0 

275 

274*3 

19*2 

36 

35*9 

*'5 

96 

|21 

67 

156 

1556 

109 

216 

215*5 

151 

276 

275*3 

19"3 

37 

36-9 

26 

97 

6*8 

167 

156*6 

Il'O 

217 

216*5 

151 

277 

276*3 

193 

38 

37*9 

27 

98 

97-8 

6-8 

158 

157*6 

Il'O 

218 

217*5 

15*2 

278 

*77*3 

194 

39 

3»'9 

27 

99 

98-8 

69 

159 

1586 

11*1 

219 

218*5 

153 

279 

278*3 

19*5 

40 

399 

2-8 

100 

99-8 

7'o 

160 

159-6 

11*2 

220 

219*5 

15*3 

280 

279*3 

19-5 

41 

40-9 

29 

101 

ioo*8 

7-0 

161 

160*6 

1 1 '2 

221 

220*5 

15*4 

281 

280*3 

19*6 

42 

41*9 

2*9 

102 

ior8 

7-1 

162 

1616 

113 

222 

221*5 

15** 

282 

281*3 

19-7 

43 

42-9 

3-0 

103 

1027 

7-2 

163 

1626 

n*4 

223 

222-5 

156 

283 

282*3 

19-7 

44 

43*9 

3-i 

104 

1037 

7*3 

164 

1636 

u*4 

224 

223*5 

15-6 

284 

283-3 

19-8 

45 

44*9 

3i 

105 

1047 

7'3 

165 

1646 

u*5 

226 

224*5 

15*7 

285 

284*3 

199 

46 

45*9 

3'» 

106 

1057 

7'4 

166 

165-6 

ii*6 

226 

225*4 

15*8 

286 

285-3 

20*O 

47 

469 

3*3 

107 

1067 

7*5 

167 

1666 

ii*6 

227 

220*4 

158 

287 

286*3 

20*0 

48 

47*9 

3*3 

108 

1077 

7*5 

168 

167*6 

n*7 

228 

227*4 

ic*9 
16*0 

288 

287-3 

20*1 

49 

489 

3*4 

109 

1087 

7-6 

169 

1686 

n*8 

229 

228*4 

289 

288*3 

20-2 

60 

49#9 

3*5 

110 

1097 

7'7 

170 

169*6 

ii*9 

230 

229-4 

16*0 

290 

2893 

20*2 

61 

50-9 

3*6 

111 

1 107 

7*7 

171 

170*6 

119 

231 

2304 

16*1 

291 

2903 

20*3 

62 

5i'9 

3-6 

112 

1117 

7'8 

172 

171*6 

12'0 

232 

231-4 

16*2 

292 

2913 

20*4 

63 

529 

3*7 

113 

1 127 

Z'9 

173 

172*6 

12*1 

233 

2324 

16.3 

293 

2923 

20#4 

§4 

539 

3*8 

114 

1137 

8-o 

174 

173*6 

12*1 

234 

233-4 

163 

294 

293*3 

20*5 

55 

54*9 

3'8 

115 

1 147 

8-o 

175 

174*6 

12*2 

235 

*34*4 

164 

295 

2943 

20*6 

56 

55*9 

3*9 

116 

1157 

81 

176 

1756 

12*3 

236 

*35*4 

165 

296 

*95*3 

20*6 

57 

56-9     4*0 

117 

1167 

8-2 

177 

176*6 

123 

237 

236*4 

16.5 

297 

2963 

20-7 

68 

57*9 

4-0 

118 

1177 

82 

178 

177*6 

124 

238 

237*4 

166 

298 

297-3 

20*8 

69 

58-9 

4' 1 

119 

1187 

8*3 

179 

1786 

12*5 

239 

2384 

167 

299 

298*3 

20*9 

60 

59#9 

4'* 

120 

1197 

8-4 

180 

179*6 

12*6 

240 

239*4 

167 

300 

299*3 

20*9 

Diit 

Dep. 

D.Ut 

Dial 

Dep. 

D.Ut 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Ut. 

Dist 

Dep. 

D.Ut 

86 

;° 

5h44ra 

TABLE  1 


439 


TRAVERSE  TABLE 

.  TO  DEGREES 

4° 

Oh  \6m 

Diet. 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

801 

300-3 

21-0 

361 

3601 

252 

421 

4200 

29*4 

481 

479*8 

33*5 

541 

5397 

377 

.102 

3013 

2I'I 

362 

36n 

25*2 

422 

421*0 

294 

482 

4808 

33*6 

542 

5407 

378 

303 

3022 

2TI 

363 

362-1 

253 

423 

422-0 

29*5 

483 

481-8 

337 

543 

541*7 

379 

804 

303-2 

21  2 

364 

363'i 

254 

424 

4230 

29-6 

484 

4828 

337 

544 

542  7 

37*9 

805 

3042 

ai-3 

365 

3641 

255 

425 

424*0 

296 

485 

4838 

33*8 

545 

5437 

380 

306 

3052 

213 

366 

3651 

255 

426 

4249 

297 

486 

484-8 

339 

546 

5447 

38-1 

807 

3062 

214 

367 

3661 

25*6 

427 

425*9 

298 

487 

4858 

33*9 

547 

5457 

38-1 

308 

307*2 

215 

368 

3671 

257 

428 

4269 

29*9 

488 

4868 

34*o 

548 

546*7 

38a 

309 

3082 

21*6 

369 

368-1 

257 

429 

4279 

299 

489 

4878 

34*i 

549 

547*7 

383 

310 

3092 

21*6 

370 

3691 

25-8 

430 

428-9 

300 

490 

4888 

34*2 

550 

548  7 
5497 

38*3 
38'4 

311 

3102 

217 

371 

3701 

259 

431 

4299 

301 

491 

4898 

34*2 

551 

319 

311-2 

218 

372 

3711 

259 

432 

430-9 

301 

492 

4908 

34*3 

552 

550  7 

38-5 

318 

3122 

21-8 

373 

3721 

26x> 

433 

431-9 

302 

493 

491*8 

34*4 

553 

551*7 

38*5 

314 

3132 

21 -9 

374 

373*1 

26- 1 

434 

432*9 

303 

494 

4928 

344 

554 

5527 

386 

315 

3142 

220 

375 

3741 

26*2 

485 

4339 

3o*3 

495 

493*8 

34*5 

555 

5536 

387 

316 

3i5'2 

22*1 

376 

375*1 

26*2 

436 

434'9 

30-4 

496 

494*8 

346 

556 

554*6 

387 

317 

3162 

221 

377 

376-1 

26-3 

437 

4359 

30*5 

497 

495*8 

34*6 

557 

555*6 

388 

318 

3172 

22*2 

378 

377*1 

26*4 

438 

4369 

30*6 

498 

4968 

34-7 

558 

5566 

389 

319 

3182 

223 

379 

3781 

26*4 

439 

4379 

306 

499 

497*8 

34*8 

559 

557*6 

3*9 

320 

3192 

22'3 

380 

379' 

-65 

440 

438-9 

307 

500 

498-8 

34*8 

560 

5586 

390 

321 

3202 

22*4 

381 

3801 

266 

441 

439*9 

308 

501 

499*8 

34*9 

561 

559*6 

39*1 

322 

3212 

22*5 

382 

3811 

26-6 

442 

4409 

30* 

502 

5008 

35-o 

562 

560-6 

39*2 

323 

3222 

22  5 

383 

3821 

26-7 

443 

441-9 

309 

503 

5018 

35*0 

563 

5616 

39*2 

324 

3232 

22-6 

384 

3831 

268 

444 

4429 

31-0 

504 

5028 

35*i 

564 

5626 

393 

825 

3242 

22  7 

385 

3840 

26-9 

445 

443*9 

31*0 

505 

503-8 

35*2 

565 

563*6 

39*4 

326 

3252 

22*7 

386 

3850 

26-9 

446 

444*9 

311 

506 

5048 

35*2 

566 

564-6 

39*4 

327 

3262 

22-8 

387 

386-0 

27-0 

447 

445*9 

312 

507 

5058 

35*3 

567 

565-6 

39*5 
39*6 

328 

3272 

22'9 

388 

3870 

271 

448 

4469 

312 

508 

5068 

35*4 

568 

5666 

329 

3282 

230 

389 

3880 

27-1 

449 

447*9 

313 

509 

5078 

35*5 

569 

567*6 

397 

330 

3292 

230 

390 

389*0 

«7'2 

450 

4489 

314 

510 

508-8 

35*6 

570 

5686 

39*8 

831 

3302 

231 

391 

39o-o 

273 

451 

449*9 

315 

511 

5098 

356 

571 

5696 

39  * 

332 

3312 

23*2 

392 

391-0 

273 

452 

450-9 

31-5 

512 

510-8 

357 

672 

5706 

399 

833 

332*2 

23*2 

393 

3920 

274 

453 

4519 

31*6 

518 

511-8 

35*8 

573 

571*6 

400 

834 

333*2 

233 

394 

393  0 

27-5 

454 

452*9 

317 

514 

5127 

35*8 

574 

5726 

40*0 

835 

334*2 

234 

395 

3940 

276 

455 

453*9 

317 

515 

5137 

35*9 

575 

573*6 

40-1 

336 

335'2 

23*4 

396 

3950 

27-6 

456 

454*9 

318 

516 

5147 

360 

576 

574*6 

402 

337 

3362 

23*5 

397 

3960 

277 

457 

455*9 

31*9 

517 

5157 

360 

577 

575*6 

40-2 

338 

337-2 

236 

398 

397o 

278 

458 

4569 

31*9 

518 

5167 

36*1 

578 

5766 

40*3 

339 

3382 

23*6 

399 

398o 

278 

459 

4579 

320 

519 

5177 

36*2 

579 

577*6 

404 

340 

339*2 

23-7 

400 

399o 

279 

460 

4589 

321 

520 

5-8-7 

362 

580 

578-6 

405 

341 

3402 

238 

401 

400-0 

28*0 

461 

459*9 

322 

521 

5197 

363 

581 

579*6 

405 

342 

341-2 

23*9 

402 

401*0 

28-0 

462 

4609 

322 

522 

5207 

36-4 

582 

580-6 

40*6 

343 

342-2 

239 

403 

4020 

281 

463 

4619 

323 

523 

5217 

36-4 

583 

5816 

407 

344 

3431 

24X) 

404 

403-0 

28-2 

464 

4629 

32*4 

524 

5227 

36*5 

584 

582-6 

407 

345 

3441 

241 

405 

404*0 

282 

465 

4639 

324 

525 

5237 

366 

585 

583*6 

408 

346 

3451 

241 

406 

405-0 

2*3 

466 

4649 

32-5 

526 

5247 

367 

586 

5846 

40*9 

847 

3461 

24*2 

407 

4060 

28-4 

467 

4658 

326 

527 

525-7 

368 

587 

585-6 

409 

348 

347-1 

24*3 

408 

4070 

285 

468 

466-8 

326 

528 

5267 

j6-8 

588 

5866 

41*0 

849 

34*'i 

243 

409 

4080 

285 

469 

4678 

327 

529 

5277 

369 

589 

5876 

411 

850 

3491 

24  4 

410 

4090 

28-6 

470 

468-8 

32-8 

530 

5287 
529  7 

37*o 

590 

5886 

412 

351 

3501 

245 

411 

410-0 

287 

471 

4698 

32'9 

531 

37  0 

591 

5896 

41*3 

852 

3511 

24*6 

412 

411 0 

287 

472 

4708 

32*9 

532 

5307 

37*1 

592 

5906 

41*3 

353 

352-1 

246 

413 

412-0 

288 

473 

471*8 

33*o 

533 

5317 

37'2 

593 

5916 

414 

354 

3531 

24*7 

414 

4130 

289 

474 

4728 

33*1 

534 

5327 

37*2 

594 

5926 

4i'5 

355 

3541 

248 

415 

4140 

28-9 

475 

473*8 

331 

535 

5337 

37*3 

595 

S93-6 

41*5 

356 

3551 

248 

416 

4150 

290 

476 

474*8 

33*2 

536 

5347 

37*4 

596 

5946 

41-6 

357 

356-1 

24*9 

417 

416-0 

29- 1 

477 

4758 

33-3 

537 

5357 

37*5 

597 

595*6 

41*7 

358 

3571 

25*0 

418 

4170 

292 

478 

4768 

33*3 

538 

5367 

375 

598 

596-6 

41*7 

859 

358i 

25'0 

419 

4180 

292 

479 

477*8 

33*4 

539 

5377 

376 

599 

597*6 

418 

860 

3591 

251 

420 

4190 

29  3 

480 

4788 

335 

540 

5387 

377 

600 

5986 

419 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

86° 

6* 

44m 

140 


TABLE  1 


TRAVERSE  TABLE  TO  DEGREES 

5° 

0h20«- 

Diat.'D.Lat 

Dep. 

Dist.JD.Ut. 

Dep. 

DiatjD.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist.JD.Latj  Dep. 

] 

i-o 

O'l 

61 

608 

5*3 

121 

120*5 

10*5 

181 

180*3 

158 

241 

240*1 

21*0 

2 

2*0 

0*1 

62 

6i*8 

5*4 

122 

1215 

10*6 

182 

181-3 

159 

242 

241*1 

21-1 

3 

3*o 

0-3 

63 

62*8 

5*5 

123 

122*5 

io*7 

183 

182*3 

15.9 

243 

242*1 

21*2 

4 

4«o 

°*3 

64 

638 

5*6 

124 

123*5 

10-8 

184 

183*3 

160 

244 

243-1 

21-3 

5 

5*o 

0-4 

66 

64-8 

5*7 

126 

124*5 

10*9 

186 

184*3 

16*1 

245 

244-1 

21-4 

6 

6o 

o»5 

66 

«5*7 

5*8 

126 

i*5*5 

n*o 

186 

185*3 

16*2 

246 

245*1 

214 

7»o 

o-6 

67 

66-7 

5*8 

127 

1265 

ii-i 

187 

186*3 

163 

247 

246*1 

l\i 

8 

8o 

0-7 

68 

67*7 

5*9 

128 

127*5 

11*2 

188 

187*3 

16*4 

248 

247*1 

9 

9*o 

o*8 

69 

68-7 

6-o 

129 

1285 

11-2 

189 

188-3 

16-5 

249 

248*1 

21-7 

10 

10*0 

09 

70 

69-7 

6*i 

130 

"9*5 

n*3 

190 

189-3 

166 

250 

249*0 

21-8 

11 

n-o 

1*0 

71 

70*7 

6*2 

131 

1305 

u*4 

191 

1903 

16*6 

251 

250-0 

21-9 

12 

I2bO 

I'O 

72 

71-7 

63 

132 

131*5 

n*5 

192 

i9i*3 

167 

252 

251*0 

22*0 

IS 

I30 

1*1 

73 

727 

6*4 

133 

1325 

n-6 

193 

19**3 

16*8 

253 

252*0 

22*1 

14 

X3'9 

1*2 

74 

73*7 

6*4 

134 

133*5 

11*7 

194 

193*3 

16*9 

254 

253*0  |    22-1 

16 

14*9 

«*3 

76 

74*7 

6*5 

136 

134*5 

11*8 

195 

194*3 

17*0 

255 

254-0 

22*2 

1G 

15*9 

i*4 

7« 

75*7 

6*6 

136 

135*5 

ii*9 

196 

195*3 

17*1 

266 

255*0 

22*3 

17 

16-9 

1*5 

77 

76-7 

67 

137 

136*5 

u*9 

107 

1963 

17-2 

257 

256*0 

22*4 

18 

179 

r6 

78 

77*7 

6-8 

138 

137*5 

I2*0 

198 

1972 

173 

258 

257*0 

22*6 

19 

189 

1*7 

79 

78-7 

69 

139 

I3«*5 

12-1 

199 

1982 

17*3 

259 

258*0 

20 

199 

1*7 

80 

79'7 

7-0 

140 

139*5 

12*2 

200 

1992 

174 

260 

259-0 

22*7 

21 

20*9 

18 

81 

80-7 

7*1 

141 

140*5 

123 

201 

200*2 

17*5 

261 

26o*0 

22-7 

22 

21*9 

1-9 

82 

81*7 

7*7 

142 

141*5 

12*4 

202 

201*2 

176 

262 

26l*0 

22*8 

23 

22*9 

2bO 

83 

82-7 

7*2 

143 

142*5 

125 

203 

202*2 

17*7 

263 

262*0 

22*9 

24 

23*9 

2*1 

84 

837 

7*3 

144 

143*5 

12*6 

204 

203*2 

178 

264 

263*0 

23-0 

26 

24*9 

2*2 

86 

84-7 

7*4 

146 

144*4 

12*6 

206 

204*2 

17*9 

265 

264*0 

23*1 

26 

25*9 

**3 

86 

857 

7*5 

146 

145*4 

12*7 

206 

*0|** 

180 

266 

265*0 

23*2 

27 

26*9 

2*4 

87 

86-7 

7*6 

147 

1464 

12*8 

207 

206*2 

18*0 

267 

266*0 

23-3 

28 

*7*9 

1'4 

88 

87*7 

7*7 

148 

147*4 

12*9 

208 

207-» 

181 

268 

267*0 

*3*4 

29 

28*9 

**5 

89 

88-7 

7*8 

149 

1484 

.13*0 

209 

208*2 

18*2 

269 

268*0 

*3*4 

30 

299 

2*6 

90 

89-7 

7*8 

160 

149*4 

131 

210 

209*2 

18*3 

270 

269*0 

*3*5 

31 

30-9 

2*7 

91 

90-7 

7*9 

151 

150*4 

13*2 

211 

2IO*2 

184 

271 

270-0 

236 

32 

31-9 

2*8 

92 

91*6 

80 

152 

151*4 

132 

212 

211*2 

18-5 

272 

27I*0 

*3*7 

33 

3**9 

2-9 

93 

92*6 

8-i 

153 

152*4 

133 

213 

212*2 

186 

273 

272*0 

23-8 

34 

33.9 

3.0 

94 

93-6 

8-2 

154 

153*4 

13*4 

214 

213-2 

18*7 

«74 

273*0 

23*9 

36 

34*9 

3-1 

96 

94-6 

8-3 

155 

154*4 

13*5 

215 

214*2 

187 

276 

274*0 

24*0 

36 

359 

3*1 

96 

956 

8*4 

156 

■55*4 

13-6 

216 

2I5*2 

18*8 

276 

274*9 

241 

37 

369 

3-2 

07 

96*6 

8'5 

157 

1564 

■3*7 

217 

2l6*2 

18-9 

277 

*75*9 
276-9 

241 

38 

37*9 

3*3 

98 

97.6 

8-5 

158 

157*4 

13*8 

218 

217*2 

19*0 

278 

24*2 

39 

38-9 

3*4 

99 

98-6 

8*6 

159 

158*4 

139 

219 

218*2 

191 

279 

277-9 

*4*3 

40 

398 

3*5 

100 

99-6 

8-7 

160 

■59*4 

13*9 

220 

2I9*2 

l?-2 

280 

1789 

24*4 

41 

40*8 

3-6 

101 

ioo*6 

8*8 

161 

160*4 

14*0 

221 

220*2 

19*3 

281 

279*9 

*4*5 

42 

41-8 

3*7 

102 

101*6 

89 

162 

161*4 

14*1 

222 

221*2 

19-3 

282 

280*9 

246 

43 

42-8 

3*7 

103 

102*6 

9-0 

163 

162*4 

142 

223 

222*2 

19*4 

283 

281*9 

24-7 

44 

438 

3'* 

104 

103*6 

91 

164 

163.4 

14*3 

224 

223-1 

19*5 

284 

282*9 

248 

46 

44-8 

3*9 

105 

104-6 

92 

165 

164*4 

14*4 

226 

224*  1 

196 

285 

2839 

24*8 

40 

45** 

4*0 

106 

105-6 

9*2 

166 

1654 

H*5 

226 

225*1 

197 

286 

284-9 

249 

47 

468 

4'i 

107 

106*6 

9.3 

167 

1664 

14-6 

227 

226*1 

19-8 

287 

285*9 

25-0 

48 

47-8 

4* 

108 

107*6 

94 

168 

167-4 

146 

228 

227*1 

199 

288 

286-9 

251 

49 

488 

4*3 

109 

1086 

9*5 

169 

168*4 

■4*7 

229 

228*1 

2O*0 

289 

287-9 

25-2 

60 

498 

44 

no 

109*6 

9*6 

170 

1694 

14*8 

230 

229*1 

20-0 

290 

288-9 

25*3 

61 

50*8 

4*4 

HI 

iio*6 

9*7 

171 

170-3 

14*9 

231 

230*1 

20*1 

291 

289*9 

*5*4 

62 

51-8 

Xi 

112 

iii*6 

9-8 

172 

171*3 

15-0 

232 

231*1 

20-2 

292 

2909 

*T4 

63 

528 

113 

112*6 

9*8 

173 

172*3 

151 

233 

2321 

20-3 

293 

291*9 

*5*5 

64 

538 

4*7 

114 

113*6 

99 

174 

173*3 

15-2 

234 

233*1 

20'4 

294 

2$2*9 

256 

66 

54-8 

4'* 

115 

1146 

io*o 

175 

174*3 

15*3 

235 

234-1 

20*5 

295 

293*9 

25*7 

66 

% 

4*9 

116 

115*6 

io-i 

176 

1753 

I5'3 

236 

235*1 

20*6 

296 

294*9 

25-8 

67 

5*° 

117 

1166 

10*2 

177 

1763 

15'4 

237 

2361 

20*7 

297 

295*9 

25-9 

68 

57*8 

5*> 

118 

117*6 

10*3 

178 

177*3 

15*5 

238 

237*1 

20'7 

298 

296*9 

26-0 

59 

58*8 

51 

119 

1185 

?o*4 

179 

178*3 

15-6 

239 

238*1 

20. 8 

299 

2979 

26*1 

60 

598 

5* 

120 

119*5 

10*5 

180 

179*3 

15*7 

240 

239*1 

20'9 

300 

298*9 

261 

Dint. 

Dep. 

DXai 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lst. 

Dist. 

Dep. 

D.Lat 

81 

>° 

5*- 

40ra 

TABLE  1 

441 

TRAVERSE  TABLE 

TO  DEGREES                     # 

5° 

0h20m 

Diat. 

D.Lat 

Dep. 

Dist  D.  Lat. 

Dep. 

Dirt. 

D.Lat 

Dep. 

Disc 

481 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

3999 

26*2 

361 

359*6 

3i*5 

421 

4194 

36*7 

479  2 

419 

541 

538*9 

47*** 

302 

3008 

26-3 

362 

3606 

316 

422 

4204 

368 

482 

480-2 

42-0 

542 

539*9 

47*3 

303 

3018 

264 

363 

3616 

316 

423 

421*4 

36*9 

483 

4812 

421 

543 

5409 

47*4 

304 

3028 

265 

364 

3626 

317 

424 

4224 

37-o 

484 

4822 

42-2 

544 

54X*9 

47*5 

305 

3038 

266 

365 

363*6 

318 

425 

4234 

37*1 

435 

4832 

42*3 

545 

542*9 

47  6 

306 

3048 

26-7 

366 

364*6 

319 

426 

4244 

37*1 

486 

4841 

424 

546 

543*9 

477 

307 

3058 

268 

367 

3656 

320 

427 

4254 

37*2 

487 

4851 

424 

547 

544*9 

477 

308 

3068 

26*9 

368 

3666 

321 

428 

4264 

37*3 

488 

4861 

42*5 

548 

5459 

47  8 

309 

3078 

26-9 

369 

367*6 

322 

429 

427*4 

37*4 

489 

4871 

42*6 

549 

5469 

47*9 

310 

3088 

27-0 

370 

3686 

323 

430 

428-4 

37*5 

490 
491 

4881 

427 

550 

5479 

480 

311 

309* 

27-1 

371 

3696 

32*3 

431 

4294 

37*6 

4891 

428 

551 

548  9 

481 

312 

3x08 

27-2 

372 

3706 

324 

432 

430-4 

37*7 

492 

4901 

429 

552 

549*9 

48-2 

313 

3"'8 

27*3 

373 

3716 

32*5 

433 

431*3 

377 

493 

4911 

430 

553 

5509 

48*3 

314 

3128 

27*4 

374 

372  6 

326 

434 

432*3 

37*8 

494 

4921 

43"  x 

554 

551*9 

48-4 

315 

313-8 

27*5 

375 

373*6 

327 
328 

435 

433*3 

37*9 

495 

4931 

431 

555 

552*9 

484 

316 

3M8 

275 

376 

374*6 

436 

434*3 

380 

496 

494*1 

43*2 

556 

553*9 

48-5 

317 

315*8 

276 

377 

375*6 

329 

437 

435*3 

38*1 

497 

495*1 

43*3 

557 

5549 

486 

318 

3168 

277 

378 

3766 

330 

433 

436-3 

38*2 

498 

4961 

43  4 

558 

555*9 

487 

319 

317-8 

278 

S79 

377*6 

330 

439 

4373 

383 

499 

497*1 

435 

559 

5569 

488 

320 

3188 
3198 

27*9 
280 

380 

3786 

33i 

440 

438-3 
439*3 

38*4 
38'4 

500 
501 

498*1 

43*6 

560 

557  9 
■558* 

488 
489 

321 

381 

379*5 

33*2 

441 

4991 

437 

561 

322 

320-8 

281 

382 

3805 

33  3 

442 

440-3 

3!*5 

502 

500-1 

43*8 

562 

559*8 

490 

323 

321*8 

282 

383 

38i*5 

33*4 

443 

441-3 

386 

503 

5011 

43  8 

563 

5608 

491 

324 

3228 

28*2 

384 

3825 

33*5 

444 

442'3 

38*7 

504 

502-1 

439 

564 

5618 

492 

325 

323'8 

28-3 

385 

383*5 

336 

445 

443*3 

388 

505 

5<>3*i 

44*0 

565 

5628 

49  3 

326 

324*8 

284 

386 

3f45 

337 

446 

444*3 

38*9 

506 

504*1 

441 

566 

5638 

49*4 

827 

3258 

285 

387 

3855 

337 

447 

445*3 

39*o 

507 

505I 

44*2 

567 

5648 

49*5 

328 

3267 

286 

388 

386-5 

338 

448 

446*3 

39*i 

508 

5061 

443 

568 

5658 

49*6 

329 

3277 

287 

389 

387*5 

33*9 

449 

447*3 

39*1 

509 

507-1 

44*4 

569 

5668 

497 

330 

3287 

288 

390 

3885 

340 

450 

4483 

39*2 
39*3 

510 

5081 

44*5 

570 
571 

5678 
5688 

497 
49*8 

331 

3297 

289 

391 

3895 

34*1 

451 

4493 

511 

5090 

44*5 

332 

3307 

289 

392 

390-5 

34*2 

452 

450*3 

39*4 

512 

510-0 

44*6 

572 

5698 

499 

383 

3317 

29-0 

393 

391*5 

34*3 

453 

451*3 

39*5 

513 

511-0 

447 

573 

5708 

50*0 

334 

3327 

29*1 

394 

3925 

343 

454 

4523 

396 

514 

5120 

44'8 

574 

571-8 

50*1 

335 

3337 

29-2 

395 

393*5 

34*4 

455 

4533 

397 

515 

513*0 

44*9 

575 

572  8 

50*2 

336 

3347 

293 

396 

394*5 

34*5 

456 

454*3 

39*8 

516 

5140 

450 

576 

573  8 

50*3 

337 

335  7 

294 

397 

3955 

34'6 

457 

455*3 

398 

517 

515-0 

45*1 

577 

574*8 

504 

338 

3367 

29*5 

398 

3965 

347 

458 

4563 

399 

518 

5160 

45*2 

578 

57l'f 

504 

339 

3377 

29-6 

399 

3975 

34*8 

459 

4573 

40-0 

519 

5170 

452 

579 

5768 

5o-5 

340 

3387 

296 

400 

398*5 
399*5 

349 

35*o 

460 
461* 

458*2 

401 

520 
521 

518-0 
5190 

45*3 
45*4 

580 
581 

577-8 
578-8 

506 
~507 

34* 

3397 

297 

401 

459'2 

402 

342 

3407 

298 

402 

400-5 

35*o 

462 

4602 

40*3 

522 

5200 

455 

582 

sl9'l 

508 

343 

3417 

29*9 

403 

401-5 

35*i 

463 

461-2 

404 

523 

5210 

45*6 

583 

52°f 

509 

344 

3427 

300 

404 

4025 

35*2 

464 

462-2 

404 

524 

522*0 

45  7 

584 

5!r! 

509 

345 

3437 

30*1 

405 

4035 

353 

465 

4632 

405 

525 

5230 

45*8 

585 

582-8 

5i*o 

346 

3447 

30-2 

406 

4045 

354 

466 

4642 

40-6 

526 

5240 

45*9 

586 

5838 

511 

347 

3457 

30-3 

407 

405-4 

35*5 

467 

4652 

407 

527 

525-0 

45*9 

587 

5848 

51a 

348 

3467 

303 

408 

406-4 

35*6 

468 

466-2 

408 

528 

5260 

46-0 

588 

5858 

5X3 

349 

3477 

304 

409 

4074 

35*7 

469 

4672 

409 

529 

5270 

46-1 

589 

5868 

5i*4 

350 
351 

3487 
3497~ 

3Q*5 
306 

410 
411 

4084 
409*4 

357 
"35-8 

470 
471 

468-2 
4692 

41-0 

53U 

5280 
"529-0 

46*2 
46*3 

590 

5878 

5x*5 

411 

531 

591 

5887 

5x6 

352 

3507 

307 

412 

4104 

359 

472 

470-2 

411 

532 

5300 

46*4 

592 

589*7 

51*6 

353 

3517 

308 

413 

41 14 

36*0 

473 

471-2 

412 

533 

53IO 

465 

593 

5907 

S1'l 

354 

3526 

309 

414 

4124 

361 

474 

472-2 

41-3 

534 

5320 

46-6 

594 

591*7 

5x8 

355 

353*6 

30*9 

415 

4134 

36*2 

475 

473*2 

41*4 

535 

533*0 

466 

595 

5927 

5x? 

356 

3546 

310 

416 

4144 

363 

476 

474*2 

41*5 

536 

533*9 

467 

596 

5937 

520 

357 

355*6 

31*1 

417 

4154 

364 

477 

475*2 

41*6 

537 

534  9 

468 

597 

594*7 

52-1 

358 

3566 

312 

418 

4I6-4 

36*4 

478 

4762 

417 

538 

535*9 

469 

598 

595*7 

52*2 

359 

357*6 

3i*3 

419 

417*4 

36-5 

479 

477*2 

418 

539 

536*9 

47*o 

599 

5967 

52-3 

860 

358*6 

3i'4 

420 

4184 

366 

480 

478-2 

418 

540 

5379 

47*x 

600 

597  7 

52*3 

Dm. 

Dep. 

D  Lat. 

Diflt. 

Dep. 

D.  Lat 

Dirt. 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

85° 

6h 

40« 

442 


TABLE    1 


TRAVERSE  TABLE  TO  DEGREES 

r 

0--24** 

DiiL 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Ut. 

Dep, 

Dist 

D.Lat 

Dep. 

1  :    i-o 

o*i 

61 

607 

64 

121 

120*3 

12*6 

181 

180*0 

18-9 

241 

239*7 

252 

2          2*0 

0*2 

62 

6,7 

6*5 

122 

121-3 

128 

182 

181*0 

19-0 

242 

240*7 

*5*3 

3  1    3'o 

o*3 

63 

62-7 

6-6 

123 

122*3 

12*9 

183 

182*0 

19- 1 

243 

241*7 

25*4 

4 

4*0 

o> 

64 

63-6 

6'7 

124 

123-3 

13*0 

184 

183*0 

19*2 

244 

242*7 

15*5 

5 

5-0 

ti 

65 

64-6 

6-8 

125 

124*3 

13-1 

186 

184*0 

19-3 

245 

*43*7 

25*6 

G 

60 

66 

656 

69 

126 

1253 

132 

186 

185-0 

194 

246 

*447 

25-7 

7 

7-0     0-7 

«7 

666 

7-0 

127 

126*3 

133 

187 

186*0 

195 

247 

2456 

25*8 

8 

8*o  j  o-8 

68 

67-6 

7*i 

128 

127*3     13*4 

188 

187*0 

19*7 

248 

2466 

25*9 

9 

9-0     0-9 

69 

68*6 

7'* 

129 

128*3 

13-6 

189 

188-0 

19-8 

249 

247*6 

26*0 

10 

99  1  i'° 

70 

69*6 

7*3 

130 

129*3 

190 

189*0 

199 

250 

248*6 

26*1 

11  i  io*9     i'i 

71 

70*6 

7*4 

131 

1303 

13*7 

191 

190*0 

IO'O 

251 

249*6 

26-2 

12  |  i  r9 

i'3 

72 

71-6 

T% 

132 

131*3 

13*8 

192 

190*9 

lO'I 

252 

250*6 

1-5-3 

13  |  ii#9 

i'4 

73 

72*6 

7*6 

133 

132*3 

13*9 

193 

191-9 

20*2 

253 

2516 

264 

u  ;  139 

vi 

74 

736 

7*7 

134 

133*3 

14*0 

194 

192*9 

20*3 

254 

252*6 

26-6 

15 ;  H-9 

75 

74-6 

7*8 

135 

134*3 

14- 1 

195 

193*9 

20'4 

255 

253*6 

26*7 

1C  ,  159 

i-7 

76 

75-6 
766 

7*9 

136 

135*3 

142 

196 

1949 

20-5 

256 

2546 

26-8 

17     i6'9 

i-8 

77 

8-o 

137 

136-2 

14*3 

197 

195*9 

20*6 

257 

2556 

26*9 

18     i7'9 

*'9 

78 

77-6 

8*2 

138 

137-2 

14*4 

198 

1969 

20*7 

258 

256*6 

27*0 

19 

18-9 

2*0 

79 

78-6 

8-3 

139 

138*2 

14*5 

199 

197*9 

io-8 

259 

257*6 

27-1 

SO 

199 

2*1 

80 

79-6 

8*4 

140 

139*2 

14*6 

200 

198*9 

20*9 

260 

2586 

27*2 

21 

20'9      2*2 

81 

806 

8*5 

141 

140*2 

14*7 

201 

1999 

21-0 

261 

2596 

17-3 

22 

21*9 

2'3 

82 

8i*6 

8*6 

142 

141-a 

14-8 

202 

200*9 

21*1 

262 

260*6 

27*4 

23 

22*9 

2*4 

83 

8*5 

8-7 

143 

142-2 

14*9 

203 

201-9 

21*2 

263 

261*6 

27*5 

24 

239 

2*5 

84 

8r5 

8*8 

144 

143-2 

15*0 

204 

2o^•9 

21*3 

264 

262*6 

27*6 

25 

24*9 

2-6 

85 

84-5 

89 

145 

1442 

151 

206 

203*9 

21*4 

265 

263-5 

27*7 

26 

259 

2-7 

66 

85*5 

9-0 

146 

145*2 

15*3 

206 

204*9 

21*5 

266 

264*5 

27-8 

27 

26*9 

28 

87 

86- 5 

9i 

147 

146*2 

15*4 

207 

205-9 

21*6 

267 

265*5 

27*9 

28 

27-8 

i*9 

88 

8rs 

92 

148 

147*2 

15*5 

208 

206-9 

21*7 

268 

2665 

28*0 

29 

288 

3*0 

89 

88-5 

9*3 

149 

1482 

15-6 

209 

207-9 

21*8 

269 

267-5 

28*1 

30 
31 

298 

3-1 

90 

89-5 

9'4 

150 

149*2 

15*7 

210 

208-8 

22*0 

270 

268- 5 

28-2 

30-8 

3* 

91 

90-5 

9*5 

151 

1502 

158 

211 

209*8 

22*1 

271 

269*5 

283 

32 

3r8 

3*3 

92 

91*5 

9-6 

152 

151-1 

159 

212 

210*8 

22*2 

272 

270*5 

284 

33 

32-8 

3*4 

93 

9**  5 

9*7 

153 

1512 

16*0 

213 

211*8 

22*3 

273 

271*5 

285 

34 

33*8 

3-6 

94 

93*5 

98 

154 

1532 

161 

214 

212*8 

22> 

274 

272*5 

286 

35 

34-8 

3*7 

95 

94*5 

9*9 

155 

1542 

i6*a 

215 

213-8 

"7 
22*6 

275 

*73*5 

28-7 

36 

35-8 

3'8 

96 

95*5 

IO'O 

156 

1551 

163 

216 

214*8 

27* 

*74*5 

28-8 

37 

368. 

3*9 

97 

96-5 

IO*I 

157 

156-1 

16*4 

217 

2158 

22-7 

277    *75*5 

29-0 

38 

37-8 

4-0 

98 

97*5 

10*2 

158 

157-1 

x6*5 

218 

2168 

22-8 

278 

»76*5 

29- 1 

39 

38-8 

4i 

99 

98'5 

103 

159 

158-1 

16*6 

219 

217*8 

22-9 

279 

2775 

29*2 

40 

39-8 

O 

100 

99*5 

105 

160 

1591 

16*7 

220 

218*8 

23-0 

280 

»78*5 

19*3 

41 

40*8 

4*3 

101 

100*4 

io*6 

161 

160*1 

168 

221 

219-8 

23-I 

281 

2795 

29-4 

42 

418 

4*4 

102 

ioi*4 

10*7 

162 

x6ii 

16*9 

222 

220*8 

23*2 

282 

280*5 

29*5 

43 

42-8 

4*5 

103 

102*4 

io*8 

163 

162-1 

17*0 

223 

221*8 

23-3 

283 

281*4 

29*6 

44 

43'8 

4'6 

104 

103*4 

109 

164 

163-1 

171 

224 

222-8 

23-4 

284 

282*4 

29*7 

45 

44-8 

4*7 

105 

104*4 

II'O 

165 

164*1 

172 

225 

223*8 

*3'5 

285 

283*4 

298 

46 

45*7 

4'8 

106 

105*4 

ii-i 

166 

i6c-i 
i66*i 

174 

226 

224*8 

23-6 

286 

284*4 

29*9 

47 

46-7 

4*9 

107 

106*4 

IX'2 

167 

i7'5 

227 

225-8 

*3*7 

287 

2854 

30*0 

48  |  47*7 

5*o 

108 

107*4 

II'3 

168 

167*1 

17*6 

228 

226-8 

23-8 

288 

286*4 

30*1 

49  |  48*7 

5* 

109 

108-4 

1 1-4 

169 

168-1 

17-7 

229 

227*7 

23*9 

289 

287-4 

30-2 

50 

49*7 

5'* 

110 

109-4 

n*5 

170 

169*1 

17*8 

230 

228-7 

24*0 

290 

288*4 

30*3 

51' 

50-7 

5*3 

HI 

110-4 

n-6 

171 

170*1 

17*9 

231 

229-7 

24*1 

291 

289*4 

30-4 

52  1  517 

5*4 

112 

m*4 

11-7 

172 

1711 

18-0 

232 

230-7 

24-3 

292 

290*4 

30*5 

53  1  527 

5,S 

113 

112*4 

118 

173 

172*1 

181 

233 

231-7 

24*4 

293 

291*4 

30*6 

M  ,  53*7 

114 

1 1 34 

n*9 

171 

173*0 

18-2 

234 

232-7 

24*5 

294 

292*4 

30-7 

55     54*7 

5*7 

115 

114*4 

I2'0 

175 

174*0 

18-3 

235 

233-7 

24*6 

295 

293*4 

30-8 

56  '  557 

5*9 

116 

115*4 

T2*I 

176 

175-0 

i8-4 

236 

234-7 

24-7 

296 

294*4 

3°'9 

57  ;  567 

6*o 

117 

1164 

12*2 

177 

176-0 

18*5 

237 

135-7 

24-8 

297 

295*4 

31-0 

68  '  57*7 

61 

118 

117*4 

I2'3 

178 

177*0 

18*6 

238 

236-7 

24-9 

298 

296*4 

311 

59 

58-7 

62 

119 

ix8*3 

12-4 

179 

178-0 

187 

239 

237*7 

25-0 

299 

297*4 

3**3 

60 

597 

6-3 

120 

119-3 

125 

180 

179*0 

18-8 

240 

2387 

251 

300 

298-4 

3i*4 

Dist 

Dep. 

! 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat. 

Dist, 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

84° 

5» 

*>-      , 

TABLE 

1 

448 

TRAVERSE  TABLE 

TO   DEGREES 

6° 

0h24m 

Dift. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dift. 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lit 

Dep. 

301 

299*3 

31*5 

361 

3590 

377 

421 

4187 

440 

481 

478-4 

5o-3 

541 

538o 

56-5 

302 

300*3 

31*6 

362 

360-0 

378 

422 

4197 

441 

482 

4794 

504 

542 

5390 

56-6 

303 

3Gi*3 

31*7 

363 

3610 

37  9 

423 

4207 

442 

483 

4804 

505 

543 

540*0 

56*7 

304 

3023 

318 

364 

362*0 

380 

424 

4217 

44*3 

484 

4813 

506 

544 

5410 

568 

305 

3033 

3i*9 

365 

363*0 

381 

425 

4227 

444 

485  1  482-3 

507 

545 

5420 

56-9 

306 

304*3 

32*0 

366 

3640 

38-3 

426 

423  7 

44*5 

486 

4833 

508 

546 

5430 

57*o 

307 

3053 

321 

367 

3650 

38-4 

427 

424*7 

44*6 

487 

4843 

509 

547 

544-0 

57*1 

308 

3063 

322 

368 

3660 

38-5 

428 

4257 

447 

488 

4853 

51-0 

548 

545*o 

57*2 

309 

3073 

32*3 

369 

3670 

386 

429 

426*6 

44-8 

489 

486-3 

51-1 

549 

546o 

57*3 

310 
311 

3083 

324 

370 

368-0 

387 

430 

4276 

44*9 
450 

490 

487*3 

51  2 

550 

547*0 

57*4 
57*5 

3093 

32*5 

371 

3690 

388 

431 

4286 

491 

4883 

51*3 

551 

548-0 

312 

3»o*3 

326 

372 

3700 

389 

432 

4296 

45*2 

492 

4893 

5i*4 

552 

5490 

57*6 

313 

3ii3 

32*7 

373 

3710 

39*o 

433 

430  6 

45*3 

493 

490*3 

5i*5 

553 

5500 

577 

314 

312-3 

328 

374 

371-9 

391 

434 

431-6 

45*4 

494 

491*3 

51-6 

554 

5510 

579 

315 

313*3 

329 

375 

372*9 

39*2 

435 

432*6 

455 

495 

492*3 

517 

555 

552*0 

580 

816 

314*3 

33*o 

376 

3739 

39*3 

436 

433*6 

45*6 

496 

493*3 

518 

556 

553*o 

5!'1 

817 

3153 

33*1 

377 

3749 

394 

437 

434  6 

457 

497 

494*3 

519 

557 

554*o 

58-2 

318 

3I6-3 

33*2 

378 

3759 

39*5 

438 

435*6 

458 

498 

495*3 

52-0 

558 

5550 

58-3 

319 

3173 

333 

379 

376-9 

396 

439 

4366 

459 

499 

496-3 

52-1 

559 

5560 

584 

320 

3182 

33*4 
336 

380 
381 

3779 
378-9 

397 
398 

440 

437*6 

460 

500 

4973 

523 

560 
561 

5569 

585 

321 

3192 

441 

43*'6 

46- 1 

501 

498*3 

52*4 

5579 

586 

322 

3202 

337 

382 

379*9 

399 

442 

439*6 

46*2 

502 

499*3 

52-5 

562 

558-9 

58-7 

323 

3212 

338 

383 

38o-9 

400 

443 

440-6 

46*3 

503 

500-2 

526 

563 

5599 

588 

324 

3222 

33*9 

384 

38r9 

40*1 

444 

44r6 

464 

504 

501-2 

527 

564 

560-9 

59*o 

325 

323*2 

340 

385 

3829 

40-2 

445 

4426 

465 

505 

5022 

528 

565 

5619 

591 

326 

3242 

341 

386 

3839 

403 

446 

443-6 

466 

506 

5032 

52*9 

566 

5629 

59*2 

327 

3252 

342 

387 

3849 

405 

447 

4445 

467 

507 

504-2 

53-o 

567 

5639 

59*3 

328 

3262 

34*3 

388 

3859 

406 

448 

445*5 

468 

508 

505*2 

531 

568 

5649 

59*4 

329 

3272 

34*4 

389 

3869 

407 

449 

4465 

46-9 

509 

5062 

532 

569 

5659 

59*5 

330 

3282 

34*5 

390 

3879 

408 

450 

447*5 

47o 

510 

507-2 

53*3 

570 

566-9 

59'6 

331 

3292 

34'6 

391 

388-9 

409 

451 

4485 

471 

511 

5082 

534 

571 

567-9 

597 

382 

330-2 

34*7 

392 

3899 

410 

452 

449*5 

47*2 

512 

5092 

53*5 

572 

5689 

59*8 

333 

331-2 

34*8 

393 

390-8 

411 

453 

45o-5 

47*3 

513 

510-2 

53*6 

573 

5699 

599 

334 

332*2 

34*9 

394 

3918 

41-2 

454 

45«*5 

47*5 

514 

511-2 

537 

574 

570  9 

6o-o 

335 

333*2 

35o 

395 

392*8 

41*3 

455 

4525 

476 

515 

512-2 

53*8 

575 

571*9 

601 

336 

3342 

35*i 

396 

393*8 

41*4 

456 

453*5 

477 

516 

513  2 

53*9 

576 

5729 

602 

337 

335*2 

35*2 

397 

394*8 

415 

457 

454*5 

478 

517 

5142 

540 

577 

5739 

603 

338 

3361 

35*3 

398 

3958 

41-6 

458 

455*5 

479 

518 

5152 

54*i 

578 

5749 

60-4 

339 

3371 

35*4 

399 

3968 

41*7 

459 

4565 

480 

519 

5162 

54*2 

579 

575*8 

605 

840 

338*1 

35*5 

400 

397-8 

418 

460 

457*5 

481 

520 

517-2 

54*3 

f80 

576-8 

60-6 

841 

339*1 

35*6 

401 

3988 

419 

461  '  4585 

48-2 

5*21 

518-1 

54*5 

581 

577-8 

607 

842 

340-1 

357 

402 

399*8 

420 

462 

459*5 

48*3 

522 

519-1 

54*6 

5S2 

5788 

608 

343 

34i*i 

358 

403 

400-8 

421 

463 

460-5 

484 

523 

5201 

547 

583 

579-8 

609 

344 

3421 

360 

404 

40 1$ 

42-2 

464 

4615 

485 

524 

521-1 

54*8 

584 

5808 

6ri- 

345 

343*1 

361 

405 

4028 

423 

465 

4625 

486 

525 

522-1 

549 

585 

5818 

6l*2 

346 

344*1 

362 

406 

4038 

424 

466 

4634 

487 

526     5231 

55*o 

586 

5828 

613 

347 

345*" 

363 

407 

4048 

425 

467 

4644 

488 

527 

5241 

551 

587 

583*8 

«i*4 

348 

346i 

36'4 

408 

4058 

426 

46s 

4654 

489 

528 

5251 

55*2 

588 

5848 

615 

349 

3471 

36-5 

409 

4068 

427 

469 

4664 

490 

529 

526-1 

55*3 

589 

5858 

616 

350 

348i 

36-6 

410 

4078 

429 
430 

470 
471 

4674 
4684 

491 

530 

5271 
5281 

554 
555 

590 

5868 

617 

351 

349*1 

367 

411 

4087 

492 

531 

591 

5878 

61 -8 

352 

35oi 

36* 

412 

4097 

43  1 

472 

4694 

493 

532 

5291 

55  6 

592 

5888 

619 

353 

35i*i 

369 

413 

4107 

43*2 

473 

470-4 

49*4 

533 

5301 

55  7 

593 

5898 

620 

354 

3521 

370 

414 

41 17 

433 

474 

471*4 

49*5 

534 

5311 

558 

594 

5908 

621 

355 

3531 

371 

415 

4127 

43*4 

475 

472*4 

49'6 

535 

5321 

55*9 

595 

591*8 

62*3 

356 

3540 

37*2 

416 

4137 

435 

476 

4734 

49*8 

536 

533*1 

560 

596 

5928 

62'3 

357 

3550 

37*3 

417 

4«47 

43*6 

477 

474*4 

499 

537 

534*1 

561 

597 

5938 

62*4 

858 

356o 

37  4 

418 

4157 

43'7 

478 

475*4 

500 

538 

535*1 

562 

598 

5947 

625 

359 

357-o 

375 

419 

4167 

438 

479 

4764 

501 

539 

5361 

56*3 

599 

595  7 

626 

360 
Dift. 

358o 

37*6 

420 

4177 

43  9 

480 

477*4 

50*2 

540 

5371 

56*4 

600 

5967 

62-7 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

84° 

6h 

36™ 

444 


TABLE  1 


TRAVERSE  TABLE  TO  DEGREES 

7° 

0h28ln 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat  J  Dep. 

1 

X'O  j  o-x 

61 

60-5 

7*4 

121 

I20*I 

14*7 

181 

179*7 

22*  X 

241 

239*2     29*4 

2 

2*0      0*2 

62 

6x5 

7*6 

122 

I2I*X 

H*9 

182 

1806 

22*2 

242 

240*2  1  29*5 

3  '  ro 

0*4 

63 

625 

7*7 

123 

121*1 

15*0 

183 

1816 

22*3 

243 

241*2     29*6 

4 

4*o 

0*5 

64 

63-5 

7*8 

124 

123*1 

151 

184 

1826 

22*4 

244 

242*2  ,  29*7 

5 

5«o 

o*6 

65 

645 

7*9 

125 

124*  X 

152 

185 

183-6 

22*5 

245 

2432 ;  29*9 

6 

6o 

0*7 

66 

655 

8*o 

126 

125-1 

15*4 

186 

184*6 

22*7 

246 

244*2  j  30*0 

7 

6-9 

0-9 

67 

66*s 

8*2 

127 

126*1 

!5*5 

187 

185*6 
186-6 

22*8 

247 

245*2  •  30-1 

8 

7*9 

I'O 

68 

67-5 

8-3 

128 

X27*0 

15*6 

188 

22*9 

248 

246*2 

30*2 

9 

8-9 

i*i 

69 

68*5 

8*4 

129 

128*0 

15*7 

189 

187*6 

23*0 

249 

247*1 

30'3 

10 

99 

1*2 

70 

69-5 

8*5 

130 

129*0 

15*8 

190 

1886  1  232 

250 

248*1 

30-5 

11 

io*9 

i*3 

71 

70*5 

8*7 

131 

130*0 

x6-o 

191 

1896 

*33 

251 

249- 1 

30*6 

12 

u»9 

i*5 

72 

71*5 

8*8 

132 

131*0 

x6*x 

192 

190-6 

*3*4 

252 

250-1 

30*7 

13 

I2'9 

i*6 

73 

72*5 

8*9 

133 

132*0 

16*2 

193 

191*6 

23*6 

253 

251-1 

30*8 

14 

1391  i-7 

74 

73*4 

9*0 

134 

133-0 

x6*3 

194 

192*6 

254 

252-1 

31*0 

15 

14*9     x-8 

75 

74'4 

91 

135 

134*0 

lcl 

195 

193*5 

23*8 

255 

253*1 

31-1 

16 

x5*9 

19 

76 

75*4 

9*3 

136 

135*0 

166 

196 

194*5 

*3*9 

256 

254*1 

31*2 

17 

16*9 

2*1 

77 

764 

9*4 

137 

136*0 

16*7 

197 

195*5 

240 

257 

255*1 

31*3 

18 

17-9 

2*2 

78 

77*4 

9*6 

138 

i37'o 

x6*8 

198 

196*5 

24- X 

258 

256*1     31-4 

19 

18*9 

2-3 

79 

78-4 

139 

138*0 

x6*9 

199 

197*5 

24-3 

259 

257*1 

31-6 

20 

199  J  2-4 

80 

79*4 

9*7 

140 

139-0 

171 

200 

198*5 

*4*4 

260 

258*1 

31-7 

21 

20*8     2*6 

81 

80*4 

9*9 

141 

*39*9 

17-2 

201 

199*5 

24*5 

261 

2591 

31-8 

22 

218 

2-7 

82 

8 1-4 

xo-o 

142 

140*9 

17*3 

202 

200  •  5 

24-6 

•62 

260*0 

319 

23 

22*8 

2*8 

83 

824 

XO'X 

143 

i4i*9 

17*4 

208 

201*5 

24*7 

263 

261-0 

32-1 

24 

23*8 

2-9 

84 

83*4 

10*2 

144 

142-9 

17*5 

204 

202-5 

24-9 

264 

262-0 

322 

25 

24*8 

3*j 

85 

84*4 

10*4 

145 

143*9 

17-7 

205 

203*5 

25*0 

265 

263*0 

32-3 

26 

25-8 

3'* 

86 

85*4 

10*5 

146 

144*9 

17*8 

206 

204-5 

251 

266 

264*0 

32-4 

27 

26-8 

33 

87 

864 

io*6 

147 

145*9 

17*9 

207 

205-5 

25*2 

267 

265*0 

32*5 

28 

27-8 

3  4 

88 

87-3 

xo*7 

148 

1469 

x8*o 

208 

206*4 

**5*3 

268 

266*0 

32*7 

29 

288 

3*5 

89 

883 

108 

149 

147*9 

182 

209 

207*4 

*5*5 

269 

267-0 

32*8 

30 

29-8 

3'7 

90 

89*3 

xx*o 

150 

1489 

x8-3 

210 

208-4 

256 

270 

268*0  ]  32*9 

31 

30-8 

3'8 

91 

■jo*  3 

IX*I 

151 

149*9 

184 

211 

209-4 

25-7 

271 

269*0  (  33*o 

32 

3r8 

3*9 

92 

91*3 

IX'2 

152 

150*9 

x8*| 

212 

2X0*4 

25-8 

272 

270*0     33*1 

33 

32-8 

4-0 

93 

92-3 

"*3 

153 

151*9 

186 

213 

2X1*4 

26*0 

273 

271*0'  33*3 

34 

33*7 

4*i 

94 

93*3 

115 

154 

15**9 

188 

214 

2X2*4 

26-1 

274 

272-0,  33*4 

35 

34*7 

4*3 

95 

94*3 

xi*6 

155 

153*8 

x8*9 

215 

213*4 

26*2 

275 

273*0  i  33*5 

36 

35*7 

4*4 

96 

95*3 

xx*7 

156 

154*8 

19*0 

216 

214*4 

26*3 

276 

273*9     33*6 

37 

36-7 

4"5 

97 

96*3 

ii*8 

157 

155*8 

19*  X 

217 

2154 

26*4 

277 

274*9  |  33*8 

38 

37*7 

4-6 

98 

97*3 

ii*9 

158 

156*8 

19*3 

218 

216*4 

266 

278 

275*9     33*9 

39 

38-7 

4'8 

99 

98*3 

X2*I 

159 

157*8 

19*4 

219 

217-4 

26*7 

279 

276*9  '  34-0 

40 

39*7 

4*9 

100 

99*3 

12*2 

160 

1588 

19*5 

220 

2x8-4 

26*8 

280 

277*9     34*1 

41 

407 

5-0 

101 

IOO*2 

113 

161 

159*8 

x9*6 

221 

219-4 

26*9 

281 

278*9  ,  34*2 

42 

41*7 

5*i 

102 

IOI*2 

12*4 

162 

160*8 

19*7 

222 

220*3 

27*1 

282 

279*9  |  34*4 

43 

42-7 

5'* 

103 

102*2 

12*6 

163 

1618 

19-9 

223 

221*3 

27*2 

283 

2809     34-5 

44 

43#7 

5*4 

104 

103*2 

12*7 

164 

162*8 

20*0 

224 

222*3 

27*3 

284 

281-9  !  34*6 

45 

44*7 

5*5 

105 

I04*2 

12*8 

165 

1638 

20*1 

225 

223-3 

27*4 

285 

282*9     34*7 

46 

4H 

5*6 

106 

105*2 

12*9 

166 

x64*8 

20*2 

226 

224*3 

*7*5 

286 

283*9     34*9 

47 

46-6  |  5-7 

107 

106*2 

130 

167 

1658 

20*4 

227 

225*3 

27*7 

287 

284-9  "35*o 

48 

47*6     5** 

108 

107*2 

13*2 

168 

1667 

20*5 

228 

226-3 

27*8 

288 

285*9     35*1 

49 

48*6  ;  6-o 

109 

I08*2 

13-3 

169 

167-7 

20*6 

229 

227-3 

*7*9 

289 

286*8     35-2 

50 

49*6 :  6*i 

no 

109*2 

13*4 

170 

x68*7 

20*7 

230 

228*3 

28*0 

290 

287*8'  35*3 

51 

50*6"   6*2 

111 

IXO*2 

13*5 

171 

169*7 

20*8 

231 

2293 

28*2 

291 

288-8  1  35*5 

52 

51-6 

6-3 

112 

Ufa 

13*6 

172 

170*7 

21*0 

232 

230*3 

28-3 

292 

289*8     35*6 

53 

526 

6'5 

113 

112*2 

138 

173 

171*7 

21*1 

233 

231-3 

28*4 

293 

2908     35-7 

54 

53-6 

6*6 

114 

113*2 

139 

174 

172*7 

21*2 

234 

232*3 

28*5 

294 

2918     35*8 

55 

54-6 

6-7 

115 

1 14- 1 

140 

175 

173*7 

21*3 

235 

233*2 

28*6 

295 

292*8  .  36*0 

56 

55-6 

6*8 

116 

115-1 

X4*i 

176 

174*7 

2X*4 

236 

234*2 

28*8 

296 

293*8  j  36*1 

67 

56*6 

6*9 

117 

xi6-x 

14*3 

177 

'75*7 

21*6 

237 

235*2 

28*9 

297 

2948     36*2 

58 

57-6 

7*i 

118 

X171 

14-4 

178 

176*7 

21-7 

238 

236*2 

29-0 

298 

295*8  '  36*3 
296-8  |  36-4 

59 

58*6 

7*2 

119 

xx8*i 

H*5 

179 

177*7 

21*8 

239 

237*2 

29*1 

299 

60 

59'6  |  7*3 

120 

ii9*x 

14*6 

180 

178*7 

21*9 

240 

238*2 

29*2 

300 

297*8  j  3*-6 

Dist 

Dep. 

D.Lat 

Disc 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep.  ID.  Lat 

83° 

5*82" 

TABLE  1 

445 

TRAVERSE  TABLE 

.  TO  DEGREES 

7° 

0h28» 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist.  D.  Lat. 

1 

Dep. 

Dist.'D.  Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

301 

2987 

367 

361 

358-3 

44-0 

421 

4179 

5i*3 

481 

477*4 

586 

541 

537*o 

65*9 

302 

2997 

368 

362 

359*3 

44*1 

422 

4188 

51*4 

482 

4784 

58-7 

542 

537*9 

66-0 

303 

3007 

36*9 

363 

360-3 

442 

423 

419-8 

51*5 

483 

479*4 

588 

543 

538-9 

662 

304 

3017 

37*o 

364 

3613 

44*4 

424 

4208 

51*7 

484 

4804 

59*0 

544 

5399 

663 

305 

3027 

372 

365 

3623 

44*5 

425 

4218 

5i8 

4$5 

48i*4 

59*i 

545 

540*9 

664 

306 

3037 

37*3 

366 

3633 

44*6 

426 

4228 

519 

486 

4824 

59*2 

546 

541*9 

66-6 

307 

3047 

374 

867 

3643 

447 

427 

4238 

520 

487 

4834 

59*4 

547 

542'9 

667 

308 

3057 

37*5 

368 

3652 

44*8 

428 

4248 

52-2 

488 

4843 

59*5 

548 

543*9 

66-8 

309 

3067 

377 

369 

3662 

45*o 

429 

425*8 

52*3 

489 

4853 

59*6 

549 

544*9 

669 

310 

3077 

37*8 

370 

3672 

45*1 

430 

426*8 

52*4 

490 

486-3 

597 

550 

545*9 

670 

311 

3087 

379 

371 

3682 

45'2 

431 

4278 

52-5 

491 

487*3 

59*8 

551 

5469 

67-1 

312 

3097 

38*0 

372 

3692 

453 

432 

4288 

52-6 

492 

4883 

59*9 

552 

547*9 

672 

313 

3107 

381 

373 

3702 

45*5 

433 

4298 

528 

493 

4893 

601 

553 

548-9 

67*4 

314 

3"7 

38-3 

374 

3712 

456 

434 

4308 

52*9 

494 

490-3 

602 

554 

549*9 

67*5 

315 

3126     384 

375 

3722 

45  7 

485 

4317 

53*o 

495 

491*3 

603 

555 

550-8 

67-6 

316 

3I3-6 

32§ 

376 

373*2 

45*8 

436 

4327 

53*i 

496 

492*3 

605 

556 

551*8 

678 

317 

3^4-6 

386 

377 

374*2 

45*9 

437 

4337 

533 

497 

493*3 

606 

557 

5528 

679 

818 

3I5-6 

387 

378 

375*2 

46  1 

438 

4347 

53*4 

498 

494*3 

607 

558 

553*8 

680 

319 

3166 

389 

379 

376*2 

462 

439 

4357 

53*5 

499 

495*3 

6o-8 

559 

554*8 

681 

320 

317*6 

39*o 

380 

377*2 

463 

440    4367 

536 

500 
501 

496-3 
497*2 

61 -o 

560 

555*8 

683 

321 

3186 

39*1 

381 

378i 

464 

441 

4377 

537 

611 

561 

5568 

684 

322 

3196 

39*2 

382 

379*1 

465 

442 

4387 

53*9 

502 

4982 

6l*2 

562 

557*8 

685 

323 

3206     394 

383 

3801 

467 

443 

4397 

54*o 

503 

499*2 

613 

563 

5588 

686 

324 

3216     395 

384 

38n 

468 

444 

4407 

54*1 

504 

500-2 

614 

564 

559*8 

687 

325 

3226 

39*6 

385 

3821 

469 

445 

4417 

54*2 

505 

501-2 

6i*5 

565 

5608 

689 

326 

3236 

397 

386 

3831 

47-0 

446 

4427 

54*3 

506 

502*2 

616 

566 

5618 

690 

827 

3246 

39*8 

387 

3841 

47*2 

447 

4437 

54*5 

507 

5032 

618 

567 

5628 

691 

328 

3255 

400 

388 

3851 

47*3 

448 

4447 

54*6 

508 

504*2 

61-9 

568 

563*8 

692 

329 

3265 

401 

389 

386-1 

47*4 

449 

445*6 

547 

509 

505-2 

620 

569 

564*8 

693 

830 

327*5 

40*2 

390 

3871 
3881 

47*5 

450 

446*6 

548 

510 

5062 

621 

570 

565*8 

69*4 
696 

331 

3285 

403 

391 

47*6 

451 

447*6 

550 

511 

5o7*2 

623 

571 

566-7 

332 

3295 

405 

392 

389*1 

47*8 

452 

4486 

551 

512 

5082 

624 

572 

567*7 

697 

333 

330*5 

40*6 

393 

39o-i 

47*9 

453 

449*6 

55*2 

513 

5092 

625 

573 

5687 

698 

334 

331-5 

40-7 

394 

39i*i 

480 

454 

4506 

55*3 

514 

510-2 

626 

574 

569*7 

69*9 

335 

3325 

408 

395 

3920 

481 

455 

451*6 

55*4 

515 

5111 

627 

575 

57o-7 

701 

336 

333*5 

409 

396 

393*0 

48-3 

456 

452-6 

55*6 

516 

512-1 

62-9 

576 

571*7 

70-2 

837 

3345 

411 

397 

394*o 

484 

457 

453*6 

557 

517 

513*1 

630 

577 

5727 

70-3 

838 

335*5 

41-2 

398 

395*0 

485 

458 

4546 

55*8 

518 

5HI 

631 

578 

573*7 

704 

389 

336-5 

41*3 

399 

396*0 

48-6 

459 

455*6 

55*9 

519 

5151 

632 

579 

5747 

70*5 

840 

337*5 

4I'4 

400 

397*0 

487 

460 

4566 

561 

520 

5161 

63*4 
63*5 

580 

5757 

707 

841 

338-4 

416 

401 

398-o 

489 

461 

457*6 

56-2 

521 

517*1 

581 

5767 

708 

842 

3394 

41-7 

402 

399o 

49*o 

462 

458*5 

56*3 

522 

518-1 

636 

582 

577*6 

709 

343 

340-4 

41-8 

403     4000 

491 

463 

4595 

56-4 

523 

519*1 

637 

583 

5786 

710 

344 

341-4 

41*9 

404 

401-0 

49*2 

464 

460-5 

56-5 

524 

5201 

638 

584 

579*6 

712 

345 

342*4 

420 

405 

402*0 

49*4 

465 

46r5 

567 

525 

521-1 

640 

585 

5806 

71*3 

346 

I  343*4 

42*2 

406 

403-0 

49*5 

466 

462-5 

568 

526 

522-1 

64*i 

586 

*ir* 

7i*4 

847 

344*4 

42*3 

407 

404*0 

49*6 

467 

4635 

56-9 

527 

5231 

642 

587 

5826 

7i*5 

848 

345*4 

424 

408 

405-0 

497 

468 

4645 

57*o 

528 

5241 

64*3 

588 

5836 

716 

349 

346-4 

425 

409 

4059 

49*8 

469 

465*5 

57*2 

529 

5250 

645 

589 

5846 

718 

350 

347*4 

42-6 
428 

410 

4069 

50-0 

470 

4665 

57*3 

530 

5260 

64-6 

590 

5856 

719 

851 

3484 

411 

4079 

501 

471 

4675 

57*4 

531 

5270 

647 

591 

5866 

72-0 

352 

349*4 

42*9 

412 

4089 

502 

472 

468-5 

57*5 

532 

5280 

64*8 

592 

587*6 

721 

858 

35o-4 

430 

413 

409-9 

503 

473 

469*5 

57*6 

533 

529*o 

64*9 

593 

588-6 

722 

354 

35*'4 

43*1 

414 

4109 

50*4 

474 

470-5 

57*8 

534 

5300 

65-1 

594 

5896 

724 

355 

3523 

43*3 

415 

411-9 

506 

475 

471*5 

57*9 

535 

53i-o 

65-2 

595 

5906 

72-5 

856 

353*3 

43*4 

416 

4129 

507 

476 

472-4 

580 

536 

5320 

65*3 

596 

591*5 

72-6 

357 

354'3 

43*5 

41*" 

413*9 

508 

477 

473*4 

581 

537 

533-o 

654 

597 

5925 

727 

358 

355*3 

43*6 

418 

4149 

509 

478 

474*4 

582 

538 

534*0 

656 

598 

593*5 

729 

859 

356*3 

437 

419 

415*9 

511 

479 

475*4 

58-4 

539 

5350 

65*7 

599 

594*5 

73*o 

860 

357*3 

43*9 

420 

416-9 

512 

480 

476*4 

585 

540 

536o 

658 

600 

595*5 
Dep. 

731 
D.Lat 

Dirt. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

83° 

.         5* 

33m 

446 


TABLE  1 


TR 

AVERSE  TABLE  TO  DEGREES 

go                                                       oh  3201 

Diat 

D.Lat 

Dep. 

Diat 

D.Lat. 

Dep. 

Disd  D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist  D.Lat!  Dep. 

1 

I'O 

O'l 

61 

60*4 

8*5 

121 

119*8 

16-8 

181 

1792 

25*2 

241 

238*7 

33*5 

2 

2*0 

°*3 

62 

61*4 

8*6 

122 

1208 

17-0 

182 

180' 2 

*5*3 

242 

2396 

33*7 

3 

3*0 

o> 

63 

624 

8*8 

123 

121*8 

17-1 

183 

ift-a 

*55 

243 

240-6 

33*8 

4 

4-0 

0*6 

64 

63> 

8-9 

124 

122-8 

17*3 

184 

182*2 

25-6 

244 

241*6 

340 

5 

5-0 

0-7 

65 

64-4 

90 

125 

123-8 

17-4 

185 

183-2 

*5*7 

245 

242*6 

34*  1 

6 

5*9 

o*8 

66 

65-4 

9*2 

126 

124-8 

17*5 

186 

184*2 

25*9 

246 

2436 

34** 

7 

69 

i"o 

67 

66- 3 

9*3 

127 

125-8 

17-7 

187 

185-2 

26*0 

247 

2446 

34*4 

8 

7*9 

1*1 

66 

67-3 

9' 5 

128 

1268 

17*8 

188    1862 

262 

248 

2456 

34*5 

9 

89 

«*3 

69 

68-3 

9*6 

129 

127*7 

18-0 

189 

187-2 

263 

249 

246*6 

34*7 

10 

99 

1*4 

70 

69- 3 

9'7 

130 

128*7 

181 

190 

188-2 

26*4 

250 

2476 

34*8 

11 

10*9 

'•5 

71 

70-3 

9"9 

131 

129*7 

18-2 

191 

189-1 

26-6 

251 

248*6 

349 

12 

1 1-9 

1-7 

72 

7i'3 

IO'O 

132 

130*7 

18.4 

192 

190*1 

26*7 

252 

W5 

35*i 

13 

12*9 

i-8 

73 

72-3 

IO*2 

133 

131-7 

185 

193 

1911 

26*9 

253 

250*5 

35* 

14 

139 

"9 

74 

73*3 

io*3 

134 

132*7 

186 

194 

192*1 

27*0 

254 

251*5 

35*3 

15 

149 

2*1 

75 

74*3 

io*4 

135 

133*7 

188 

195 

193*1 

27*1 

255 

2  52- 5 

35*5 

16 

158 

2'2 

76 

75*3 
76- 3 

io*6 

136 

134*7 

i8-9 

196 

194. 1 

27.3 

256 

»53*5 

356 

17     I*-* 

24 

77 

10*7 

137 

135*7 

19- 1 

197 

195-1 

27*4 

257 

*54*5 

35*8 

18 

i7-8 

2-5 

78 

77*a 

10*9 

138 

136*7 

19*2 

198 

196*1 

27*6 

258 

*55*5 

35*9 

19 

i8'8 

2*6 

79 

78-2 

Il'O 

139 

137.7 

19- 3 

199 

197*1 

27-7 

259 

2565 

36*0 

20 

19*8 

2-8 

80 

79"* 

ll'J 

140 

138*6 

19*5 

200 

198- 1 

27-8 

260 

*57*5 

36*2 

21 

20*8 

2'9 

81 

80  "2 

113 

141 

139*6 

19*6 

201 

199*0 

28*0 

261 

258*5 

36-3 

22 

218 

3'1 

82 

8l*2 

"■i 

142 

140*6 

198 

202 

200*0 

28*1 

262 

*59*5 

36*5 

23 

22*8 

3'» 

83 

82-2 

143 

141-6 

19*9 

203 

201*0 

283 

263 

260*4 

366 

24 

23-8 

3*3 

84 

83-2 

n*7 

144 

142*6 

20*  0 

204 

202*0 

28*4 

264 

261*4 

36-7 

25 

24*8 

3*5 

85 

84*2 

11*8 

145 

143-6 

20*2 

2«5 

203*0 

28*5 

265 

262*4 

36-9 

26 

25-7 

3-6 

86 

85*2 

12*0 

146 

144*6 

20*3 

206 

204'0 

28-7 

266 

263*4 

37-0 

27 

26*7 

r« 

87 

86*2 

12*1 

147 

::ii 

20*5 

207 

205'0 

288 

267 

264*4 

37-2 

28 

27*7 

3*9 

88 

87- 1 

12*2 

148 

20'6 

208 

206*0 

28-9 

268 

2654 

37*3 

29 

28-7 

4-0 

89 

881 

12-4 

149 

"47*5 

20-7 

209 

207*0 

29*1 

269 

266*4 

37*4 

30 

297 

4*1 

90 

89- 1 

la*5 

150 

148*5 

20*9 

210 

208*0 

29*2 

270 

267-4 

37-6 

31 

30*7 

4' 3 

91 

90*1 

12*7 

151 

149*5 

2I*0 

211 

208-9 

29*4 

271 

268*4 

37*7 

32 

3*'7 

46 

92 

911 

12*8 

15*2 

1505 

21*2 

212 

209*9 

295 
29*6 

272 

269*4 

37'9 

33 

V>'1 

93 

92' X 

129 

153 

151*5 

213 

213 

210-9 

273 

270*3 

38*0 

34 

33*7 

4*7 

94 

93-1 

131 

154 

152*5 

21*4 

214 

211*9 

298 

274 

271-3 

381 

35 

34*7     4*9 

95 

94*' 

13*2 

155 

153*5 

21'6 

216 

212*9 

29*9 

275 

272*3 

38-3 

36 

35*6     5-0 

96 

96*1 

'3*4 

156 

154*5 

21*7 

216 

213*9 

30*1 

276 

273*3 

38-4 

37 

366 

5** 

97 

'3*5 

157 

155*5 

21*9 

217 

214.9 

30*2 

277 

274-3 

38*6 

38 

37*6 

5*3 

98 

97-0 

13*6 

158 

156*5 

22*0 

218 

2159 

30*3 

278 

*75*3 

38-7 

39 

38-6 

5*4 

99 

98*0 

13-8 

159 

157*5 

22*1 

219 

216*9 

30*5 

279 

276*3 

388 

40 

39-6     5*6 

100 

990 

'3*9 

160 

1584 

***3 

220 

217-9 

30*6 

280 

277*3 

39-o 

41 

40*6 

5'7 

101 

lOO'O 

14*1 

161 

159*4 

224 

221 

218-8 

30*8 

281 

278*3 

39*i 

42 

41*6 

5*8 

102 

lOI'O 

14*2 

162 

160-4 

22*5 

222 

219*8 

30*9 

282 

*79*3 

39*2 

43 

42*6 

60 

103 

102*0 

"4'3 

163 

1614 

22*7 

223 

220-8 

31*0 

283 

280*2 

39*4 

44 

43-6 

6-i 

104 

103*0 

»4*5 

164 

1624 

22*8 

224 

221'8 

31*2 

284 

281*2 

39*5 

45 

44-6 

6-3 

105 

I04'0 

14-6 

165 

163.4 

23*0 

225 

222*8 

3i*3 

285 

282*2 

39*7 

46 

45-6 

6-4 

106 

I05*0 

14*8 

166 

164.4 

23*1 

226 

223*8 

31-6 

286 

283*2 

398 

47 

46-5 

6-5 

107 

106*0 

149 

167 

165*4 

23*2 

227 

224*8 

287 

284*2 

39*9 

48 

47*5 

6-7 

108 

107*0 

15*0 

168 

166*4 

23*4 

228 

225*8 

3i*7 

288 

285*2 

40-1 

49 

48-5 

6-8 

109 

207*9 

152 

169 

167*4 

23-5 

229 

226*8 

319 

289 

286*2 

40*2 

50     49*5 

7*0 
7-1 

110 
HI 

108-9 

15-3 

170 

168-3 

13*7 

230 

227*8 

32*0 

290 

287*2 

40-4 

51     505 

109*9 

» 5*4 

171 

169.3 

23-8 

231 

228-8 

32- 1 

291 

288*2 

4C5 

62 

51*5 

7-2 

112 

110-9 

i5*6 

172 

170*3 

23-9 

232 

2297 

3i*3 

292 

289-2 

40-6 

53 

5**5 

7*4 

113 

111*9 

'5*7 

173 

171*3 

24- 1 

233 

230-7 

3**4 

293 

290*1 

40-8 

64 

53*5 

7*5 

114 

1I2'9 

*5*9 

174 

172-3 

24-2 

234 

23I-7 

32-6 

294 

291*1 

40*9 

55 

54*5 

7*7 

115 

113*9 

16-0 

175 

173*3 

24-4 

235 

232-7 

32-7 

295 

292*1 

411 

56 

55*5 

7*8 

116 

114-9 

16-1 

176 

'74*3 

24*5 

236 

*33*7 

328 

296 

293*1 

41-2 

57 

56*4 

7*9 

117 

1159 

16*3 

177 

175*3 

24*6 

237 

234-7 

33-0 

297 

294-1 

4i'3 

58 

57*4 

8-i 

118 

116-9 

16-4 

178 

176-3 

24-8 

238 

235.7 

33*i 

298 

2951 

4'*5 

69 

58-4 

8*2 

119 

H7-8 

16*6 

179 

177*3 

24-9 

239 

236-7 

33*3 

299 

296-1 

41-6 

60 

59*4 

8-4 

120 

n8*8 

16-7 

180 

178*2 

25*1 

240|  237*7 

33#4 

300 

297M     41*8 

Diatj  Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Diat 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Diatl  Dep.  |l).  Lat 

81 

1° 

5*28m 

TABLE  1 


447 


TRAVERSE  TABLE 

TO  DEGREES 

8° 

0**  82m 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

301 

2980 

41*9 

361 

3575 

50-2 

421 

4169 

586 

481 

4763 

669 

541 

5357 

75*2 

302 

2990 

42*0 

362 

358*5 

504 

422 

417*9 

58*7 

482 

477  3 

67*1 

542 

5367 

75*4 

303 

300-0 

42-2 

363 

359*4 

5o*5 

423 

4189 

589 

483 

4783 

67-2 

543 

5377 

75*5 

304 

3010 

423 

364 

3604 

5°7 

424 

4198 

59  0 

484 

479*3 

67*4 

544 

5387 

7s'l 

305 

3020 

42  5 

365 

3614 

508 

425 

4208 

59*2 

485 

480-3 

675 

545 

5397 

75*8 

306 

303*o 

42*6 

366 

3624 

509 

426 

421-8 

593 

486 

4812 

676 

546 

5406 

759 

307 

304-0 

427 

367 

3634 

511 

427 

4228 

59*4 

487 

482-2 

678 

547 

5416 

761 

308 

305-0 

429 

368 

3644 

512 

428 

4238 

59*6 

488 

483-2 

679 

548 

542*6 

762 

309 

3060 

430 

369 

3654 

514 

429 

424-8 

597 

489 

4S42 

681 

549 

543*6 

764 

810 

307*0 

43*1 

370 
371 

3664 
3674 

515 
516 

430 

425-8 

59*8 

490 

4852 

68-2 

550 

544  6 
545*6 

765 
766 

311 

307'9 

43*3 

431 

4268 

600 

491 

4862 

68-3 

551 

313 

308-9 

43*4 

372 

368-4 

51*8 

432 

4278 

6o-i 

492 

487-2 

68-5 

552 

5466 

768 

813 

3099 

43*6 

373 

3693 

519 

433 

428-8 

603 

493 

4882 

68-6 

553 

5476 

769 

314 

3109 

437 

374 

370-3 

52- 1 

434 

4298 

604 

494 

4892 

68-8 

554 

5486 

77*i 

315 

31 1*9 

43*8 

375 

371-3 

522 

435 

4307 

605 

495 

490-2 

689 

555 

549  6 

77*2 

316 

3129 

44*0 

376 

372-3 

52*3 

436 

4317 

60-7 

496 

49 1*2 

690 

556 

55o6 

77*4 

317 

3139 

441 

377 

373*3 

52*5 

437 

4327 

608 

497 

492-1 

69-2 

557 

551*5 

775 

318 

3H*9 

44*3 

378 

374-3 

526 

438 

4337 

61 -o 

498 

4931 

69*3 

558 

5525 

776 

319 

315*9 

44*4 

379 

375*3 

5*7 

439 

4347 

611 

499 

494*1 

695 

559 

553*5 

77*8 

320 

316-9 

44*5 

380 

376-3 

52*9 

440 
441 

4357 

612 

500 

495*1 

696 

560 

5545 

77*9 
78-1 

321 

317*9 

44*7 

381 

3773 

53*o 

4367 

614 

501 

496- 1 

697 

561 

555*5 

322 

3188 

44*8 

382 

378-3 

53*2 

442 

4377 

6i-5 

502 

4971 

699 

562 

556  5 

782 

328 

319* 

450 

883 

3792 

53*3 

443 

4387 

617 

503 

4981 

70-0 

563 

557*5 

7P 

324 

320-8 

45*1 

384 

3802 

53*4 

444 

439  7 

618 

504 

499*1 

702 

564 

5585 

785 

325 

3218 

45*2 

385 

3812 

53*6 

445 

4406 

61-9 

505 

5001 

703 

565 

559*5 

786 

326 

3228 

454 

386 

382-2 

537 

446 

441-6 

62*1 

506 

501  0 

704 

566 

5605 

788 

327 

323*8 

45*5 

387 

383*2 

539 

447 

4426 

622 

507 

5020 

70-6 

567 

5615 

789 

328 

3248 

45  7 

388 

3842 

54*o 

448 

443*6 

62-4 

508 

5030 

707 

568 

562-5 

790 

329 

325*8 

458 

389 

385*2 

54*1 

449 

444*6 

625 

509 

504*0 

708 

569 

5635 

791 

330 

3268 

45*9 
46' 1 

390 

3862 

54*3 

450 

445*6 

626 
628 

510 
511 

5°5° 
5060 

709 
711 

570 

564  5 
5654 

79*3 
79*4 

331 

3278 

391 

387-2 

54*4 

451 

446*6 

571 

332 

3287 

462 

392 

388-2 

54*6 

452 

447  6 

629 

512 

507-0 

71-2 

572 

5664 

796 

333 

3297 

46*3 

393 

389-1 

547 

453 

4486 

630 

513 

5080 

71*4 

573 

5674 

797 

834 

3307 

465 

394 

3901 

54*8 

454 

449*6 

632 

514 

5090 

71*5 

574 

5684 

79-8 

835 

33"7 

466 

395 

39I-I 

55*o 

455 

450*5 

633 

515 

5100 

71  6 

575 

5694     800 

336 

3327 

468 

396 

3921 

55*1 

456 

451*5 

63*5 

516 

5109 

71-8 

576 

570  4 

801 

837 

3337 

469 

397 

393*1 

55'3 

457 

452*5 

636 

517 

5119 

71*9 

577 

5714 

802 

838 

334*7 

470 

398 

394*1 

55*4 

458 

453*5 

637 

518 

5129 

72-0 

578 

572  4 

804 

339 

3357 

47*2 

399 

3951 

555 

459 

4545 

63*9 

519 

5139 

722 

579 

573*4 

805 

340 
341 

3367 

47*3 

400 

3961 

557 

460 
461 

4555 

640 

520 

5  '4*9 

723 

580 
581 

574*4 

806 
8o-8" 

3377 

47*5 

401 

397*1 

55*8 

456'5 

64*2 

521 

515*9 

724 

575*4 

342 

3386 

47*6 

402 

3981 

560 

462 

457*5 

64*3 

522 

5169 

72-6 

532 

576-4 

80-9 

848 

3396 

477 

403 

399*» 

561 

463 

458*5 

64*4 

523 

5179 

728 

583 

577*4 

811 

344 

3406 

479 

404 

4000 

562 

464 

459*5 

646 

524 

5189 

73*o 

584 

578-4 

813 

345 

341-6 

480 

405 

401-0 

56*4 

465 

4604 

64*7 

525 

5199 

73*1 

585 

5794 

81-4 

346 

3426 

482 

406 

4020 

56-5 

466 

4614 

649 

526 

5209 

73*2 

586 

580-3 

81-6 

347 

343*6 

483 

407 

4030 

566 

467 

4624 

650 

527 

5218 

73*4 

587 

58r3 

817 

S48 

3446 

484 

408 

4040 

56-8 

468 

4634 

651 

528 

5228 

73*5 

588 

582-3 

818 

349 

3456 

486 

409 

4050 

56  9 

469 

4644 

65  3 

529 

5238 

737 

589 

5833 

820 

350 
351 

3466 

487 

410 

4060 

57*i 
572 

470 

471 

.4654 
466-4 

65*4 
656 

530 
"531 

5248 
5258 

738 

590 
591 

5«4'3 
585-3 

821 
822 

347*6 

489 

411 

4070 

739 

352 

348-5 

490 

412 

4080 

57*3 

472 

4674 

657 

532 

5268 

74*1 

592 

5863 

824 

353 

349*5 

491 

413 

4090 

57*5 

473 

468-4 

658 

533 

5278 

74*2 

593 

5873 

825 

354 

35o-5 

49*3 

414 

409-9 

576 

474 

4694 

660 

534 

5288 

743 

594 

588-3 

826 

355 

351*5 

494 

415 

4109 

57*8 

475 

470-4 

661 

535 

5298 

74*5 

595 

5893 

828 

356 

352*5 

49*5 

41C 

411-9 

57*9 

476 

47**3 

662 

536 

53o-8 

746 

596 

590-3 

830 

357 

353*5 

497 

417 

4129 

580 

477 

4723 

664 

537 

531*7 

747 

597 

591*2 

83*1 

358 

354*5 

498 

418 

4i3'9 

582 

478 

473*3 

665 

538 

532*7 

74*9 

598 

5922 

832 

359 

3555 

500 

419 

4149 

58-3 

479 

474*3 

667 

539 

5337 

750 

599 

593*2 

83*3 

360 

356*5 

501 

420 

415*9 

585 

480 

475*3 

66*8 

540 

534  7 

75*1 

600 

594  2 

83*5 

Dist 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lai. 

82° 

£h  Opm 

44* 

TABLE   1 

TRAVERSE  TABLE  TO  DEGREES                                           | 

9° 

0-*36" 

DiM.]O.Ui 

Dep. 

DULD.Lat.JDep. 

Diat  D.  Lat 

.   Dep. 

Dist.  D.  Lat 

Dep. 

Dist  D.Lat.  J  Dep. 

1  1    ,o 

0*2 

61 

60*2 

9'5 

121 

"95 

18*9 

181 

1788 

28*3 

241 

238*0  |  377 

2       2-o 

0-3 

62 

6l*l 

97 

122 

I20'5 

191 

182 

179*8 

28*5 

242 

2390 

37*9 

3  |    3'o 

0-5 

63 

62-2 

9*9 

123 

121*5 

192 

183 

180-7 

2K-6 

243 

240*0 

38*0 

4 

4*o 

06 

64 

63.2 

IO*0 

124 

122*5 

"9*4 

184 

1817 

288 

244 

2410 

382 

6 

4*9 

o*8 

66 

64*2 

lO*2 

125 

123*5 

19*6 

185 

182-7 

28*9 

245 

242*0 

38*3 

6 

f9 

0-9 

66 

65-2 

10*3 

126 

124-4 

19*7 

186 

1837 

29-1 

246 

243*0 

38*5 

7 

69 

i-i 

67 

662 

10-5 

127 

125-4 

199 

187 

184*7 

29*3 

247 

244*0 

386 

8 

7*9 

«*3 

68 

67*2 

xo*6 

128 

126*4 

20*0 

188 

185-7 

29*4 

248 

2449 

388 

9 

8-9 

i'4 

69 

68*2 

io-8 

129 

1274 

20*2 

189 

186-7 

29*6 

249 

^45*9 

39*o 

10 

9*2. 

16 

70 

69*1 

11*0 

130 

128-4 

20*3 

190 

187-7 

29*7 

250 

246^ 

39*1 

11 

io*9 

i'7 

71 

70- 1 

ii*i 

131 

129-4 

20*5 

191 

1886 

299 

251 

247*9 

39*3 

12 

ii-9     i*9 

7* 

71-1 

n*3 

132 

1304 

20*6 

192 

1896 

30*0 

252 

2489     39-4 

13      12-8     2*0 

73 

72-1 

1 1«4 

133 

131*4     20*8 

193 

190*6 

30*2 

263 

2499 

396 

14  1  i3'8 

a-2 

74 

73*1     u-6 

134 

132*4 

21-0 

194 

191*6 

30*3 

254 

250*9 

39*7 

|  16     H'8 

**3 

76 

74'i  ,  117 

135 

1333 

21*1 

195 

192*6 

305 

255 

251*9 

39*9 

16 

i5-8 

2*5 

76 

75*i  I  11-9 

136 

'34*3 

2I'3 

196 

1936 

30*7 

256 

252*8 

40*0 

17 

i6*8 

**7 

77 

76*1 

12*0 

137 

«35*3 

214 

197 

194*6 

30*8 

257 

253*8 

40-2 

18 

i7-8 

2*8 

78 

77.0 

12*2 

138 

1363 

21-6 

198 

1956 

310 

258 

254*8 

40*4 

19 

i8*8 

3*0 

79 

78*0 

124 

139 

137-3 

21*7 

199 

1965 

31*1 

259 

255*8 

40-5 

20 

19*8 

3*i 

80 

79*0 

12-5 

140 

138*3 

219 

200 

197*5 

31*3 

260 

2568 

40*7 

21 

20'7 

3*3 

81 

8o-o 

127 

141 

1393 

22*1 

201 

198*5 

31*4 

261 

257*8 

40*8 

22 

21-7 

3*4 

82 

8i-o 

12*8 

142 

140-3 

22*2 

202 

199*5 

316 

262 

258*8 

41*0 

23 

»2'7 

3'6 

83 

82-0 

13-0 

143 

141*2 

22*4 

203 

200-5 

318 

263 

259*8 

41*1 

24 

*3'7 

3-8 

84 

83-0 

131 

144 

142*2 

22*5 

204 

201-5 

31-9 

264 

2607 

41*3 

26 

24-7 

3#9 

85 

84*0 

13*3 

145 

1432 

22*7 

205 

202-5 

32*  1 

265 

261*7 

4i*5 

26 

15*7 
26-7 

4*i 

86 

84-9 

'3*5 

146 

144-2 

22*8 

206 

203*5 

32*2 

266 

262*7 

416 

27 

4-2 

87 

85*9 

136 

147 

145*2 

23-0 

207 

2045 

32-4 

267 

263*7 

41*8 

28 

277 

4*4 

88 

869 

138 

148 

146-2 

23*2 

208 

20504 

3*5 

268 

264*7 

41*9 

29 

286 

4*5 

89 

879 

«3"9 

149 

147-2 

23*3 

209 

206 '4 

3**7 

269 

265-7 

4*-i 

30 

29*6 

4*7 

90 

889 

14*  1 

150 

148-2 

23*5 

210 

207*4 

32*9 

270 

266*7 

42*2 

31 

30*6 

4'8 

91 

899 

14*2 

151 

149- 1 

23*6 

211 

208*4 

33*0 

271 

267*7 

42> 

32 

316 

50 

92 

90*9 

14-4 

152 

150*1 

23*8 

212 

2094 

33'* 

272 

168-7 

426 

33 

32-6 

5* 

93 

919 

H'5 

153    151-1 

239 

213 

210-4 

33*3 

273 

269*6 

42*7 

34 

33*6 

5*3 

94 

92*8 

H'7 

154 

152*1 

24-1 

214 

211*4 

33*5 

274 

270*6 

42-9 

36 

346 

5*5 

95 

93'8 

149 

155 

153-1 

242 

215 

212-4 

33*6 

275 

271*6 

43  *o 

36 

35-6 

5'6 

96 

94-8 

15-0 

156 

154*1 

244 

216 

213*3 

33*8 

276 

272*6 

43* 

37 

365 

58 

97 

95*8 

15a 

167 

155-1 

24*6 

217 

214*3 

33'9 

277 

273*6 

43*3 

38 

37*5 

I'9 

98 

96*8 

•5*3 

168 

156*1 

24*7 

218 

215*3 

34*i 

278 

274-6 

43-5 

39 

38-5 

6-i 

99 

97'8 

"5-5 

159 

157*0 

249 

219 

216*3 

34*3 

279 

*75'-5 

436 

40 

39*5 

6'3 

100 

988 

15-6 

160 

158*0 

25-0 

220 

2173 

34*4 

280 

276*6 

43*8 

41 

40*5 

64 

101 

99-8  1  15-8 

161 

159*0 

25*2 

221 

2183 

346 

281 

277-5 

440 

42 

4i*5 

6-6 

102 

1007  !  160 

162 

1600 

*5*3 

222 

219*3 

34*7 

282 

278*5 

44-1 

43 

4**5 

67 

103 

1017 

161 

163 

161*0 

*5*5 

223 

220*3 

34*9 

283 

279*5 

44*3 

44 

43*5 

69 

104 

1027 

,6*3 

164 

162-0 

*5*7 

224 

221*2 

350 

284 

280-5 

44*4 

45 

44*4 

7*0 

106 

1037 

164 

165 

163-0 

25-8 

225 

222*2 

35*2 

285 

2815 

44-6 

46 

45'4 

7-2 

106 

1047 

16*6 

166 

164*0 

26*0 

226 

223*2 

35*4 

286 

282*5 

44'7 

47 

46-4 

7*4 

107 

1057  1  167 

167 

1649 

26-1 

227 

224*2 

35*5 

287 

283*5 

44*9 

48 

47*4 

7*5 

108 

1067 

16*9 

168 

1659 

26-3 

228 

225*2 

35*7 

288 

284*5 

45*  1 

49 

48-4 

7*7 

109 

1077 

171 

169 

166-9 

26*4 

229 

226*2 

35-8 

289 

285*4 

45** 

50 

49'4 

7-8 

no 

io8*6 

17*2 

170 

1679 

266 

230 

227*2 

36-0 

290 

2864 

45*4 

61 

50-4 

8*o 

HI 

109*6 

'7*4 

171 

1689 

268 

231 

228*2 

361 

291 

2874 

45*5 

52 

5"*4 

81 

112 

no-6 

"7*5 

172 

169-9 

26-9 

232 

229*1 

36*3 

292 

2884 

45'7 

63 

52-3 

8'3 

113 

1 1  r6 

17*7 

173 

170*9 

27*1 

233 

230*I 

36*4 

293 

2894 

45*8 

54 

53*3 

8*4 

114 

112*6 

17-8 

174 

171-9 

27-2 

234 

23I*I 

366 

294 

290-4 

46  0 

65 

54*3 

86 

115 

113*6 

i8-o 

175 

172*8 

27-4 

235 

232*I 

36*8 

295 

291-4 

46*1 

56 

55#3 

8-8 

116 

114*6 

181 

176 

173*8 

27*5 

236 

233*1 

36-9 

296 

2924 

463 

57 

563 

8*9 

117 

115*6 

183 

177 

174*8 

27-7 

237 

234*1 

37*i 

297 

2933 

46*  5 

58 

57*3 

91 

118 

116-5 

18*5 

178 

175-8 

278 

238 

235*1 

37*2 

298 

294*3 

46*6 

59 

58-3 

9*2 

119 

ii7*5 

186 

179 

176-8 

28-0 

239 

236*1 

37*4 

299 

*95"3 

468 

60 

593 

9'4 

120 

118*5 

188 

180 

177*8 

28-2 

240 

237*0 

37*5 

300 

296*3 

469 

Diet. 

Dep. 

D.Lat 

Dint. 

Dtp. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

81                                                    5h 

24» 

TABLB  1 

449 

TRAVERSE  TABLB 

:  TO  DEGREES 

9° 

0»>  86°* 

Dirt. 

D.Lat 

Dep 

Dist 

D.Lat 

Dep. 

Disi 

D.Lat 

.  Dep. 

Dist 

.D.Lat 

.   Dep. 
75*2 

Dist 

jD.Lat 

.    Dep. 

301 

W3 

47-i 

361 

3566 

5f5 

421 

4158 

65*9 

481 

475*1 

541 

534*4 

846 

302 

a9»3 

472 

362 

3575 

%'l 

422 

4168 

660 

482 

4761 

75*3 

542 

535*4 

847 

303 

2993 

474 

363 

3585 

568 

423 

4178 

66*2 

483 

4771 

75*5 

543 

5363 

849 

304 

3003 

476 

864 

3595 

56-9 

424 

4188 

663 

484 

478o 

75*6 

544 

537*3 

851 

305     301 2 

477 

365 

36o*5 

571 

425 

4198 

66*5 

485 

4790 

758 

545 

538-3 

85*3 

306 

302-2 

479 

366 

3615 

573 

426 

4208 

666 

486 

4800 

759 

546 

539*3 

854 

307 

303*3 

480 

367 

3625 

57*4 

427 

4217 

668 

487 

48  ro 

761 

547 

540  3 

856 

308 

3042 

482 

368 

3635 

576 

428 

4227 

670 

488 

482*0 

762 

548 

54i*3 

857 

309 

3052 

483 

369 

3645 

577 

429 

4237 

671 

489 

4830 

764 

549 

542-3 

859 

310 
37T 

3062 

48-5 

370 

3654 

579 

J  30 

4247 

673 

490 
491 

484-0 

76*5 

550 

543*3 
544*3 

860 
862 

3072 

487 

371 

3664 

581 

431 

4257 

67*4 

4850 

767 

551 

312 

3082 

488 

372 

3674 

#2 

432 

4267 

676 

492 

485-9 

768 

552 

545*2 

863 

313 

3091 

490 

373 

368*4 

58-4 

433 

427*7 

677 

493 

486-9 

770 

553 

5462 

865 

314 

310- 1 

491 

374 

3694 

58-5 

434 

4287 

679 

494 

4879 

771 

554 

547*2 

86*6 

315 

3"i 

493 

375 

370  4 

587 

435 

4296 

681 

495 

488*9 

77*3 

555 

5482 

868 

316 

3121 

49*4 

376 

371*4 

58-8 

436 

4306 

68*2 

496 

489*9 

775 

556 

5492 

87*0 

317 

313*1 

496 

377 

3724 

590 

437 

43i6 

684 

497 

4909 

777 

557 

550-2 

871 

318 

3 14- 1 

49*8 

378 

3733 

59*i 

438 

4326 

685 

498 

4919 

7T9 

558 

55*2 

87*3 

319 

3I5-I 

49*9 

379 

374-3 

59*3 

439 

433'6 

687 

499 

4929 

780 

559 

552*2 

87*4 

320 

316-1 

501 

380 

3753 
376-3 

595 
59*6 

440 

4346 

J*?JL 
69-0 

500 

493*8 

78*2 
784 

560 
561 

553*1 

876 

321 

3170 

50-2 

381 

441 

435*6 

501 

494  8 

554*1 

677 

322 

3180 

50*4 

382 

377*3 

59*8 

442 

4366 

691 

502 

4958 

78-5 

562 

555*1 

879 

323 

3190 

505 

383 

378-3 

59-9 

443 

437*5 

693 

508 

4968 

787 

563 

556i 

88-0 

324 

320*0 

507 

384 

379*3 

601 

444 

438-5 

695 

504 

497*8 

7»*8 

564 

5571 

882 

325 

321-0 

508 

385 

38o*3 

602 

445 

439*5 

696 

505 

498-8 

790 

565 

558-1 

883 

326 

322*0 

5ro 

386 

381*2 

604 

446 

440*5 

698 

506 

4998 

791 

566 

559*1 

885 

327 

3230 

51a 

387 

3822 

605 

447 

441-5 

699 

507 

5008 

792 

567 

560*  i 

88-6 

328 

3240 

5**3 

388 

383*2 

607 

448 

4425 

70*  1 

508 

5017 

794 

568 

561*0 

888 

329 

3249 

51*5 

389 

3842 

60*9 

449 

4435 

702 

509 

5027 

79*5 

569 

562-0 

889 

330 

3259 

5*7 
518 

390 
391 

3852 
386^2" 

61*0 

450 

444*5 

70*4 

510 

503*7 

797 

570 

5630 
5640 

891 

331 

3269 

6l*2 

451 

445*4 

706 

511 

5047 

798 

571 

892 

332 

3279 

519 

392 

3872 

613 

452 

446*4 

70-7 

512 

5057 

801 

572 

5650 

894 

333 

3289 

52*1 

393 

388*2 

615 

453 

447*4 

709 

513 

5067 

802 

573 

5660 

895 

334 

3299 

52*3 

394 

3891 

616 

454 

448*4 

71-0 

514 

5077 

8o-3 

574 

5670 

897 

335 

3309 

524 

395 

390*1 

6i-8 

455 

4494 

71-2 

515 

5087 

805 

575 

5680 

899 

336 

331-9 

52*6 

396 

39i  1 

62-0 

456 

4504 

713 

516 

5096 

806 

576 

5689 

90*1 

337 

332-8 

527 

397 

3921 

6ri 

457 

451*4 

yi-s 

517 

5106 

808 

577 

5699 

90*2 

339 

3338 

529 

398 

393*1 

623 

458 

452*4 

717 

518 

5ir6 

80-9 

578 

5709 

903 

339 

3348 

53-o 

399 

3941 

62*4 

459 

453*3 

7i-8 

519 

5126 

811 

579 

571-9 

905 

340 
341 

335*8 
336-8 

53'2 
533 

400 
401 

395*1 

626 

460 
461 

4543 
455*3 

72*0 

520 
521 

513*6 
514-6" 

813 

580 

5729 

90-7 

3961 

627 

72*  1 

814 

581 

573*9 

90*9 

342 

337*8 

53*5 

402 

3970 

62*9 

462 

4563 

72*3 

522 

5156 

816 

582 

5749 

91*0 

343 

3388 

537 

403 

3980 

630 

463 

4573 

72-4 

523 

5166 

818 

583 

575*9 

91  *2 

344 

339*8 

538 

404 

399*0 

632 

464 

458*3 

726 

524 

5176 

819 

584 

576-9 

913 

345 

3408 

540 

405 

4000 

634 

465 

4593 

727 

525 

5186 

821 

585 

577*9 

9**5 

346 

3417 

541 

406 

401-0 

635 

466 

4603 

729 

526 

5*95 

823 

586 

578*8 

917 

847 

3427 

543 

407 

402*0 

63*7 

467 

461-2 

731 

527 

52o*5 

824 

587 

579*8 

91*8 

348 

3437 

54*4 

408 

403*0 

638 

468 

462-2 

73'2 

528 

521*5 

826 

588 

5808 

920 

349 

3447 

54*6 

409 

404*0 

64*0 

469 

4632 

734 

529 

5225 

82-7 

589 

5818 

92- 1 

350 

3457 

54*8 

410 

4050 

64*  1 

470 
471 

4642 

73*5 
737 

530 
531 

5235 
5245 

829 
831 

590 

5828 

92-2 

351 

3467 

549 

411 

4059 

643 

4652 

591 

sPi 

924 

352 

3477 

551 

412 

4069 

64-5 

472 

4662 

73*8 

5S2 

525*5 

832 

592 

584*8 

935 

353 

3487 

55*2 

413 

4079 

646 

473 

4672 

740 

533 

5265 

834 

593 

5!§'7 

92*7 

354 

349*6 

554 

414 

4089 

648 

474 

4682 

742 

534 

5275 

835 

594 

5867 

92*9 

355 

3506 

55*5 

415 

4099 

649 

475 

4692 

74*3 

535 

5284 

!37 

595 

5ll7 

931 

356 

35«-6 

55*7 

416 

4109 

651 

476 

47o*i 

745 

536 

5294 

838 

596 

588-7 

93*2 

357 

352  6  • 

55*9 

417 

4U*9 

652 

477 

4711 

746 

537 

530-4 

840 

597 

5897 

93*4 

358 

3536 

560 

418 

4*2*9 

654 

478 

4721 

748 

538 

531-4 

841 

598 

5907 

93*5 

359 

3546 

562 

419 

4138 

656 

479 

4731 

749 

539 

532*4 

84*3 

599 

59^7 

937 

360 

355  6 

56*3 

420 

4148 

657 

480 

474*1 

750 

540 
Dist 

533*4 

844 

D.Lat 

600 

5926 

93  8 

Dirt. 

Dcp. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dep. 

Dist 

Dep. 

D.Lat. 

• 

81° 

6h 

24» 

OG 


450 


TABLE  1 


TRAVERSE 

TABLE  TO 

DEGREES 

Ob  40* 

Dist 

D.Ut 

Dep. 

Ditt. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Diet 

D.Ut 

Dep. 

Dist. 

D.Lat 

Dep. 

1 

i-o 

0*2 

61 

601 

io*6 

121 

1 192 

2I*0 

181 

178*3 

3'*4 

241 

237-3 

418 

2 

**-o 

o«3 

62 

61*1 

108 

122 

120*1 

21*2 

182 

179*2 

316 

242 

238*3 

42*0 

3 

3«o 

°'5 

63 

62*0 

109 

123 

121*1 

214 

183 

180*2 

31*8 

243 

2393 

42*2 

4 

3*9 

0*7 

64 

63-0 

ix-i 

124 

122*1 

21'5 

184 

181*2 

32*0 

244 

240*3 

42*4 

5 

4'9 

0-9 

65 

64*0 

n*3 

125 

123*1 

21*7 

185 

182*2 

32*  1 

245 

241*3 

4*' 5 

6 

6»9 

I'O 

66 

65*0 
660 

115 

126 

124*1 

21*9 

186 

183*2 

S*'3 

246 

242*3 

4**7 

7 

1*2 

67 

116 

127 

125*1 

22*1 

187 

184*2 

3*| 
32*6 

247 

2432 

42*9 

8 

7'9 

«'4 

68 

67*0 

ii*8 

128 

126*1 

22*2 

188 

185-1 

248 

244*2 

43" » 

9 

8-9 

i-6 

69 

68*o 

I2*0 

129 

I27-0 

22*4 

189 

186-1 

32*8 

249 

*45» 

43* 

10 

9-8 

i«7 

70 

689 

12-2 

130 

128-0 

22*6 

190 

187*  1 

33*0 

2."i0 

2462  |  43-4 

11 

io*8 

1-9 

71 

69#9 

123 

131 

129*0 

22*7 

191 

1881 

332 

261 

247-2 

43-6 

IS 

u*8 

2*1 

72 

70*9 

125 

132 

130*0 

22  9 

192 

189-1 

33*3 

262 

2482 

43'8 

IS 

12*8 

*'3 

73 

7>'9 

12-7 

133 

I3I*0 

23*1 

193 

190*1 

33*5 

253 

2492 

43*9 

14 

i3-8 

**4 

74 

72-9 

12*8 

134 

132*0 

233 

194 

191*1 

33*7 

254 

250-1 

44» 

16 

H'8 

2-6 

75 

73*9 

13-0 

135 

I32-9 

*3*4 

196 

192*0 

339 

255    251-1 

44'3 

16 

158 

2-8 

76 

74-8 

132 

136 

«33'9 

23-6 

196 

193*0 

34*0 

256 

252*1 

44-6 

17 

i6*7 

3«o 

77 

75'8 

*3*4 

137 

«34*9 

238 

197 

194-0 

34* 

257 

2531 

18 

ir7 

3'i 

78 

768 

«3*5 

138 

135"9 

240 

198 

1950 

34'* 
34-6 

258 

254- 1 

44-8 

19 

18-7 

3*3 

79 

77-8 

13*7 

139 

136-9 

24-1 

199 

196*0 

259 

2551 

450 

90 

»9'7 

3*5 

80 

78-8 

13-9 

140 

137*9 

*4'3 

200 

1970 

34'7 

260 

256*1 

45** 

21 

so»7 

3-6 

81 

79*8 

14*  1 

141 

138*9 

24-5 

201 

197-9 

34*9 

261 

2570 

45*3 

22 

21*7 

3'8 

82 

8o*8 

142 

142 

139-8 

*4*7 

202 

1989 

35*i 

262 

258*0 

45*5 

23 

22-7 

4-0 

83 

81*7 

«4'4 

143 

140*8 

24-8 

208 

1999 

35*3 

263 

2590 

45'7 

24 

23*6 

4** 

84 

82-7 

14*6 

144 

141* 

25-0 

204 

200'9 

35'4 

264 

260-0 

45*8 

25 

24-6 

4*3 

85 

83-7 

148 

146 

142*8 

25-2 

205 

201*9 

35-6 

265 

261-0 

46*0 

28 

25-6 

4*5 

86 

847 

*4*9 

146 

143*8 

*5'4 

906 

202*9 

35-8 

266 

262*0 

46*2 

27 

26*6 

47 

87 

857 

15*1 

147 

144-8 

*5*5 

207 

203*9 

359 
361 

267 

.262*9 

46-4 

28 

27-6 

4'9 

88 

86-7 

153 

148 

,4|8 
146*7 

25*7 

208 

204*8 

268 

263-9 

46-5 

29 

286 

5*0 

89 

87'6 

%i 

149 

2|-9 

26-0 

209 

205*8 

36-3 

269 

264*9 

46-7 

10 

29-5 

5** 

90 

88*6 

160 

H7-7 

210 

206*8 

3^-5 

270 

2659 

46-9 

31 

30- 5 

3 

91 

896 

\n 

161 1 

148-7 

26*2 

211 

207*8 

366 

271 

266*9 

47-1 

32 

3i*5 

92 

906 

162    149*7 

26A 
26-6 

212 

208*8 

368 

272 

267*9 

47*» 

33 

3*' 5 

5'7 

93 

91-6 

161 

163 

150-7 

213 

209*8 

37*0 

273 

2689 

47'4 

84 

33*5 

5*9 

94 

92-6 

163 

164 

151-7 

152*6 

26*7 

214 

*io*7 

37-2 

274 

269-8 

47-6 

35 

34*5 

6-i 

95 

93-6 

16.5 

165 

26*9 

215 

211-7 

37*3 

275 

270*8 

47-8 

38 

35*5 

6.3 

96 

94*5 

16.7 

156 

i53« 

27*1 

216 

212-7 

37*5 

276 

2718 

47*9 

•7 

364 

64 

97 

95'5 

168 

157 

154-6 

27*3 

217 

213*7 

37'7 

277 

272-8  ,  48-1 

38 

37'4 

6*6 

98- 

965 

17-0 

168 

155*6 

*7'4 

218 

214-7 

37*9 

278 

*73'8  ;  48-3 

39 

38-4 

6*8 

99 

97*5 

17*2 

159 

156*6 

27*6 

219 

215*7 

380 

279 

2748    48-4 

40 

39*4 

6-9 

100 

985 

17-4 

160 

157-6 

27*8 

220 

2l6*7 

38*2 

280 

»75*7  !  48-6 

41 

40-4 

7-1 

101 

99*5 

>7*5 

161 

158*6 

28*0 

221 

217*6 

384 

§81 

276*7     48-8 

42 

41-4 

7*3 

102 

100*5 

I7'7 

162 

'59*5 

28*  I 

222 

218*6 

38-5 

282 

*77*7 

49*o 

43 

42-3 

T4 

103 

101*4 

17*9 

163 

160-5 

283 

223 

219*6 

38-7 

283 

278*7 

49*1 

44 

43'3 

104 

102*4 

i8*i 

164 

i6i*5 

28*5 

224 

220*6 

389 

284 

279.7 

49*3 

46 

443 

7*8 

105 

103-4 

18*2 

166 

162*5 

28*7 

225 

221*6 

39"  1 

285 

280*7 

49-5 

46 

45*3 

8*o 

106 

104*4 

184 

166 

163*5 

288 

226 

222*6 

39'* 

286 

281*7 

49'7 

47 

463 

8-2 

107 

105*4 

18*6 

167 

164-5 

29*0 

227 

223-6 

394 

287 

282*6 

49#8 

48 

47*3 

8-3 

108 

106*4 

i8*8 

168 

165.4 
166*4 

29*2 

228 

224*5 

396 

288 

283*6 

50*0 

49 

4*3 

8-5 

109 

107*3 

18*9 

169 

29*3 

229 

225*5 

39-8 

289 

284*6 

50*2 

60 

49-2 

8-7 

no 

108*3 

19*1 

170 

1674 

29*5 

230 

226*5 

39*9 

290 

285-6 

50-4 

51 

50-2 

8'9 

HI 

109*3 

193 

171 

168-4 

29*7 

231 

"7*5 

40*1 

291 

286*6 

5°  5 

52 

51-2 

9-0 

112 

110*3 

19* 
19*6 

172 

1694 

299 

232 

228*5 

40*3 

292 

287-6 

50-7 

63 

522 

9-2 

113 

111*3 

173 

170*4 

30*0 

233 

229- 5 

40-5 

293 

288-5     50-9 

54 

53'* 

94 

114 

112*3 

19-8 

174 

171*4 

30*2 

234 

230-4 

40*6 

294 

289*5 

51-1 

56 

54-2 

9-6 

116 

113-3 

20*0 

175 

172-3 

30-4 

235 

231*4 

40*8 

295 

290*5 

51*2 

56 

55*1 

9*7 

116 

1142 

20*1 

176 

'73'3 

30*6 

236 

232*4 

41*0 

296 

2915 

51-4 

57 

561 

9*9 

117 

II5'2 

20*3 

177 

174*3 

30*7 

237 

233*4 

41-2 

297 

292- 5 

516 

68 

57-i 

IO*l 

118 

116*2 

20*5 

178 

175-3 

30-9 

238 

*34*4 

41-3 

298 

293*5 

51*7 

69 

58-1 

IO*2 

119 

117*2 

20*7 

17» 

176*3 

311 

239 

»35'4 

41*5 

299    294*5 

5>*9 

60 

59-1 

io'4 

120 

Il8*2 

20-8 

180 

177*3 

31-3 

240 

2364 

41*7 

300 

*95*4 

52- 1 

Dist 

Dep. 

D.Ut 

Dist 

Dep. 

D.Ut 

Dist!  Dep. 

D.Ut. 

Dist 

Dep. 

D.Ut. 

Dist 

Dep. 

D.Lat 

8( 

1° 

5h20- 
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TO  DEGREES 

10° 

0*  40» 

Diet. 

D.Lat 

Dep. 

Diet. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

2964 

52*3 

361 

355*5 

627 

421 

4146 

73- 

481 

4737 

83*5 

541 

5328 

93*9 

SOS 

2974 

525 

362 

356-5 

62-9 

422 

4156 

733 

482 

474-7 

837 

542 

533*8 

941 

803 

2984 

52-6 

363 

3575 

630 

423 

416-6 

73*5 

483 

475*7 

83*9 

543 

534*8 

943 

304 

2994 

528 

364 

3585 

632 

424 

417*6 

73*6 

484 

4766 

341 

544 

5357 

945 

305 

3004 

53o 

365 

359*5 

63*4 

425 

4185 

738 

485 

477*6 

842 

545 

5367 

946 

306 

3<>i'4 

53*1 

366 

360-4 

636 

426 

4195 

74*o 

486 

4786 

844 

546 

5377 

94  8 

807 

3023 

533 

367 

3614 

637 

427 

420-5 

742 

487 

479*6 

846 

547 

538  7 

950 

808 

3033 

535 

368 

3624 

639 

428 

4215 

74*3 

488 

4806 

84-7 

548 

539*7 

951 

309 

3043 

537 

369 

363-4 

641 

429 

4225 

74*5 

489 

481-6 

849 

549 

540*7 

95*3 

310 

3053 

538 

370 

3644 

643 

430 

4235 

747 

490 

4826 

851 

550 

54i6 

95*5 

311 

3063 

54-o 

371 

3654 

644 

431 

4245 

749 

491 

4*3-5 

"£5-2 

551 

5426 

956 

812 

3073 

54-2 

372 

366-4 

646 

432 

4254 

75*o 

492 

484'5 

85*4 

552 

543*6 

95*8 

818 

3082 

54*3 

873 

3673 

648 

433 

4264 

752 

493 

4855 

856 

553 

544*6 

96-0 

314 

309*2 

54*5 

874 

368'3 

650 

434 

4274 

75'4 

494 

486-5 

858 

554 

5456 

96-2 

315 

310*2 

547 

875 

3693 

651 

485 

428-4 

75  5 

495 

4875 

s? 

555 

5466 

96*3 

316 

311-2 

54*9 

376 

37o-3 

653 

436 

4294 

757 

496 

488-5 

556 

547*5 

96*5 

817 

3122 

55-« 

377 

371*3 

65-5 

437 

430*4 

75*9 

497 

4894 

86-3 

557 

548*5 

967 

318 

3132 

552 

378 

372*3 

656 

488 

431*3 

76-1 

498 

490*4 

86-5 

558 

549*5 

969 

319 

3«4'2 

554 

379 

373*3 

658 

439 

432*3 

762 

499 

491*4 

86-6 

659 

5505 

97-o 

320 

3i5'i 

556 

360 

374*2 
375*2 

660 

440 

4333 

76*4 

500 

4924 

86-8 

560 

551*5 

97*2 

321 

316*1 

558 

381 

662 

441 

4343 

766 

501 

493*4 

87-0 

561 

552*5 

974 

322 

3i7'i 

55*9 

382 

3762 

663 

442 

435*3 

768 

502 

4944 

872 

562 

553*5 

97*6 

323 

318  1 

561 

883 

377*2 

665 

443 

436*3 

769 

503 

495*3 

87*3 

56S 

5544 

977 

324 

3191 

56-3 

384 

378-3 

667 

444 

437*3 

771 

504 

496*3 

87*5 

564 

555*4 

97S 

325 

3201 

564 

385 

379-2 
380-1 

669 

445 

438-2 

77*3 

505 

497*3 

877 

565 

5564 

981 

326 

321-0 

566 

386 

67-0 

446 

4393 

77*5 

506 

498*3 

87*9 

566 

557  4 

98*3 

327 

322-0 

568 

387 

381-1 

67-2 

447 

4402 

776 

507 

4993 

88-0 

567 

558*4 

98*4 

828 

323-0 

570 

388 

382-1 

674 

448 

4412 

77*8 

508 

500-3 

882 

568 

559*4 

986 

329 

324-0 

571 

389 

3831 

67-6 

449 

442*2 

780 

509 

5013 

88-4 

569 

5603 

988 

330 

3250 

573 

390 

3841 

677 

450 

443*2 

78-2 

510 

5022 

88-6 

570 

561*3 

990 

331 

3260 

57*5 

391 

3851 

679 

451 

444*2 

78-3 

511 

5032 

887 

571 

562-3 

991 

332 

3270 

577 

392 

3860 

681 

452 

445*1 

1'* 

512 

504*2 

889 

572 

5633 

99*3 

333 

3279 

57  8 

393 

387*0 

682 

453 

446*1 

78*7 

513 

5052 

891 

573 

564*3 

99*5 

334 

3289 

580 

394 

388-0 

684 

454 

447*1 

788 

514 

5062 

89-2 

574 

565*3 

996 

335 

3299 

58a 

395 

389-0 

68-6 

455 

448-1 

79*o 

515 

5072 

89*4 

t>75 

566-3 

998 

836 

330-9 

58-4 

896 

3900 

68-8 

456 

4491 

79*2 

516 

508-2 

896 

576 

5672 

1000 

337 

331*9 

5f-5 

397 

391-0 

689 

457 

450-1 

79*4 

517 

5091 

898 

577 

5682 

1002 

338 

332*9 

*¥ 

398 

3920 

691 

458 

45i-o 

79*5 

518 

510- 1 

899 

578 

5692 

1003 

339 

333  9 

589 

899 

3929 

693 

459 

4520 

797 

519 

5111 

901 

579 

570-2 

1005 

340 

3348 

591 

400 

3939 

69-5 

460 

453*0 

799 

520 

512-1 

903 

580 

571*2 

1007 
"100-9 

341 

3358 

59'2 

401 

394*9 

696 

461 

4540 

8o-i 

521 

5131 

90*5 

581 

572  2 

342 

3368 

59-4 

402 

395*9 

69-8 

462 

455*o 

802 

522 

5141 

906 

582 

573*2 

IOI'O 

848 

337*8 

59'6 

403 

396*9 

70-0 

463 

4560 

804 

523 

5151 

908 

583 

574*1 

101*2 

344 

3388 

59*8 

404 

397*9 

70*2 

464 

457*o 

8o-6 

524 

5160 

910 

584 

5751 

ioi*4 

345 

339*8 

599 

405 

398*9 

7o-3 

465 

457*9 

8o-8 

525 

517*0 

91-2 

585 

576i 

101C 

346 

3407 

601 

406 

399*8 

705 

466 

4589 

809 

526 

5180 

9i*3 

586 

577*1 

1017 

847 

341-7 

603 

407 

400-8 

707 

467 

459*9 

811 

527 

5190 

915 

587 

5781 

101-9 

348 

342*7 

60-4 

408 

401-8 

709 

468 

4609 

813 

528 

5200 

917 

588 

5791 

102- 1 

349 

3437 

60*6 

409 

402-8 

71-0 

469 

4619 

f1'* 

529 

521*0 

919 

589 

5800 

1023 

350 
851 

3447 

608 

410 

4038 

712 

470 
471 

4629 
4638 

8i-6 
818 

530 

5219 

920 

590 

5810 

102-4 

3457 

61*0 

411 

404-8 

7i*4 

531 

5229 

92-2 

591 

5820 

1026 

352 

3467 

611 

412 

4057 

71-6 

472 

4648 

820 

532 

523*9 

92*4 

592 

5830 

1028 

353 

347*6 

613 

418 

4067 

71-7 

473 

4658 

821 

533 

5249 

92*5 

593 

5840 

102-9 

354 

3486 

61-5 

414 

4077 

719 

474 

4668 

823 

534 

5259 

927 

594 

585*0 

103-1 

355 

3496 

617 

415 

408-7 

72-1 

475 

4678 

82-5 

585 

5269 

929 

595 

586-0 

io3*3 

356 

350*6 

618 

416 

4097 

72-2 

476 

4688 

827 

536 

527*9 

931 

596 

5869 

103*5 

857 

351-6 

620 

417 

4io*7 

72-4 

477 

4698 

828 

537 

5288 

93*3 

597 

5879 

1036 

358 

3526 

62-2 

418 

4117 

72*6 

478 

4707 

830 

538 

5298 

93*4 

598 

5889 

1038 

359 

353*5 

62-4 

419 

4126 

728 

479 

4717 

832 

539 

530*8 

93*6 

599 

5899 

1040 

360 
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3545 
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4136 
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4727 

83*4 
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531-8 

93*8 
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Dep. 
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D.Lat 

Dep. 
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D.Lat 

Dep. 

Distb.  Lat 

Dep. 

1 

1*0 

0-2 

61 

599 

ii*6 

121 

xi  8*8 

131 

181 

177*7 

34*5 

241 

2366 

46-0 

2 

2*0 

04 

62 

60*9 

ii*8 

122 

119*8 

13*3 

182 

178*7 

34*7 

242 

237*6 

46-2 

5 

*'9 

o*6 

63 

6i*8 

12*0 

123 

120*7 

13*5 

183 

179-6 

34*9 

243 

238*5 

464 

4 

y9i     o*8 

64 

628 

12*2 

124 

121*7 

13-7 

184 

180*6 

35*1 

244 

139-5 

466 

5 

4*9 

I'O 

65 

63-8 

124 

125 

122*7 

13*9 

185 

181*6 

35*3 

245 

240-5 

46-7 

6 

5'9 

1*1 

66 

64*8 

126 

126 

123-7 

24*0 

186 

1826 

35*5 

246 

241-5 

46*9 

7 

69 

i*3 

67 

65-8 
66-8 

12*8 

127 

124*7 

24-2 

187 

1836 

35*7 

247 

242*5 

47*i 

8 

7*9 

i*5 

68 

13*0 

128 

1256 

*4'4 

188 

1845 

35'9 
36- 1 

248 

243-4 

47*3 

* 

8-8 

1-7 

69 

677 

132 

129 

126*6 

24-* 

189 

1855 

249 

*44*4 

47'5 

10 

9'8 

1-9 

70 

68-7 

n*4 

130 

127*6 

24*8 

190 

186*5 

363 

250 

145-4 

47*7 

11 

io*8 

2' I 

71 

69-7 

13*5 

131 

1286 

25*0 

191 

187*5 

36*4 

251 

246-4 

479 

12 

u*8 

1*3 

72 

70-7 

13*7 

182 

129*6 

252 

192 

188*5 

36*6 

252 

147*4 

481 

13 

12*8 

a*5 

73 

71*7 

139 

133 

1306 

*5'4 

193 

1895 

36-8 

253 

2484 

48-3 

24 

13*7 

*'7 

74 

72-6 

14*  1 

134 

131*5 

25*6 

194 

1904 

370 

254 

149-3 

48-5 

it 

>4'7 

a*9 

76 

73'6 

H'3 

135 

132*5 

15*8 

195 

191*4 

37-1 

255 

250*3 

48-7 

16 

15*7 

j*i 

7« 

746 

i4'5 

136 

*33*5 

26-0 

196 

191*4 

37*4 

256 

251-3 

488 

17 

i«7 

3-2 

77 

75* 

14*7 

137 

*34'5 

26*1 

197 

193'4 

37-6 

257 

252*3 

490 

J8 

17-7 

3*4 

78 

76-6 

14*9 

138 

135-5 

26*3 

198    1944 

37-8 

258 

153*3 

491 

19 

i8'7 

3-6 

79 

77*5 

15*1 

189 

1364 

26*5 

199 

195*3 
1963 

380 

259 

254*2 

49*4 

20 

196 

38 

80 

7«*5 

«5'3 

140 

137*4 

26-7 

200 

381 

200 

255*2 

49-6 

21 

20'6 

4-0 

81 

79*5 

\tt 

141 

138*4 

26-9 

201 

"97*3 

38'4 

261 

256-2 

49-8 

22 

216 

4* 

82 

80*5 

142 

1394 

271 

202 

1983 

3«-5 

262 

257-2 

50-0 

23 

22'6 

4*4 

83 

81*5 

15-8 

143 

140*4 

27*3 

203 

1993 

387 

263 

258*2 

50-2 

24 

23*6 

4.6 

84 

82-5 

160 

144 

141*4 

*7*5 

204 

200*3 

389 

264 

259*1 

50-4 

25 

24-5 

48 

85 

«3*4 

16*2 

145 

142*3 

27*7 

208 

201-2 

39*1 

265 

260*1 

50-6 

26 

*5'5 

5-0 

86 

84'4 

16*4 

146 

143*3 

*7'9 

206 

202*2 

39-3 

266 

261-1 

50*8 

27 

26*5 

5-2 

87 

854 

16*6 

147 

144*3 

28*0 

207 

203*2 

39-5 

267 

262*1 

50*9 

28 

27V? 

5*3 

88 

86*4 

168 

148 

\M\ 

28*2 

208 

204*2 

39-7 

268 

263*1 

511 

2!)     28-5 

5*5 

89 

87-4 

17*0 

149 

284 

209 

205*2 

39'9 

269 

264*1 

51*3 

30  1  29-4  |    5-7 

90 

88-3 

17-2 

150 

147*1 

286 

210 

206  •  I 

40*  1 

270 

265*0 

51*5 

31 

3°#4|    5*9 

91 

89-3 

17*4 

151 

148*2 

288 

211 

207*1 

403 

271 

266*0 

5*'7 

32 

31*4  1    6#I 

92 

90-3 

I7'6 

152 

149*2 

29*0 

212 

208-1 

40*5 

272 

267*0 

5**9 

33 

32-4      6*3 

93 

9"*3 

17*7 

153 

150*2 

29*2 

213 

209-1 

40*6 

273 

268-0 

52*1 

34 

33*4 

«*5 

94 

9**3 

179 

154 

1512 

294 

214 

210*1 

40-8 

274 

269*0 

513 

35 

34*4 

6-7 

95 

93*3 

18*1 

155 

1522 

29*6 

215 

2II*0 

410 

275 

269-9 

51*5 

36 

35*3 

69 

96 

94-2 

18*3 

156 

153*1 

29*8 

216 

2I2'0 

412 

276 

2709 

51-7 

37 

363 

7-1 

97 

952 

18.5 

157 

154*1 

30*0 

217 

213*0 

41*4 

277 

271-9 

5**9 

38 

37*3 

7*3 

98 

96*2 

i8*7 

158 

KJ5-I 

1561 

30*1 

218 

2I4-O 

41-6 

278 

2729 

530 

39 

38-3 

7*4 

99 

97'* 

189 

159 

30*3 

219 

2I5*0 

41*8 

279 

173*9 

53-i 

40 

39*3 

76 

100 

98-2 

19*1 

160 

1571 

30*5 

220 

216*0 

42*0 

280 

274-9 

53*4 

41 

40*2 

7-8 

101 

99- 1 

19*3 

161 

158*0 

30*7 

221 

216*9 

411 

281 

175*8 

53-6 

42 

41*2 

8*o 

102 

IOO*I 

19*5 

162 

159-0 

160*0 

30*9 

222 

2179 

41*4 

282 

2768 

53*8 

48 

42*2 

82 

103 

IOIM 

197 

163 

31*1 

223 

218*9 

4»*6 

283 

177-8 

54-o 

44 

43* 

84 

104 

I02M 

198 

164 

161*0 

31*3 

224 

2199 

42*7 

284 

278*8 

54*1 

45 

44#i 

86 

105 

103*1 

20*0 

165 

162*0 

31-5 

225 

220*9 

42-9 

285 

279*8 

54'4 

46 

45*2 

8-8 

106 

I04'I 

20*2 

166 

163*0 

3i*7 

226 

221*8 

43*i 

286 

280*7 

54-6 

47 

46*1 

9-0 

107 

I05*0 

20*4 

167 

163*9 

319 

227 

222*8 

43*3 

287 

281*7 

54-8 

48 

47*J 

92 

108 

106*0 

20'6 

168 

164*9 

32-1 

228 

223*8 

43*5 

288 

282-7 

55-0 

49 

481 

93 

109 

107*0 

20*8 

169 

1659 

32*2 

229 

224*8 

43'7 

289 

283*7 

55*i 

50 

491 

95 

110 

1080 

21*0 

170 

1669 

3i-4 

230 

225*8 

43*9 

290 

184*7 

55*3 

51 

50- 1 

9*7 

HI 

109*0 

21*2 

171 

167*9 
168*8 

32-r 

231 

226*8 

44*i 

291 

285*7 

55*5 

52 

51-0 

9*9 

112 

109-9 

214 

172 

328 

232 

227*7 

44*3 

292 

286*6 

55*7 

53 

52-0 

IO'l 

113 

110*9 

21*6 

173 

1698 

33.0 

233 

228*7 

44*5 

293 

287-6 

55*9 

54 

53-0 

103 

114 

n  1-9 

21*8 

174 

170*8 

33*1 

234 

229*7 

44-6 

294 

288*6 

561 

55 

54*0 

10*5 

115 

112*9 

21*9 

175 

1718 

33*4 

235 

230*7 

448 

295 

289-6 

56-3 

56 

55*o 

io*7 

116 

1139 

22*1 

176 

171-8 

33.6 

236 

231*7 

45*<> 

296 

290-6 

56-5 

57 

56*0 

10*9 

117 

1149 

22*3 

177 

173*7 

33*8 

237 

232-6 

45-i 

297 

291*5 

56*7 

58 

569 

ii*i 

118 

115-8 

22*5 

178 

174*7 

34*0 

238 

2336 

45*4 

298 

292-5 

56*9 

59 

57*9 

113 

119 

1168 

22*7 

179 

175*7 

34*1 

239 

2346 

45-6 

299 

193*5 

57*1 

60 

58-9 

11-4 

120 

117*8 

22*9 

180 

176*7 

34*3 

240 

235*6 

45*8 

300 

»94*5 

57*2 

Ditt. 

Dep. 

D.Lmi 

bist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 
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Dep. 
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D.Lat 

Dep. 
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D.Lat 

Dep. 
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481 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

2954 

57*4 

354*3 

689 

421 

4132 

80-3 

4721 

91-8 

541 

5310 

1032 

302 

296-4 

57*6 

362 

3553 

691 

422 

4142 

80-5 

482 

473*1 

92-0 

542 

532  0 

1034 

303 

2974 

57*8 

363 

3563 

693 

423 

415*2 

807 

483 

474*1 

922 

543 

533*o 

1036 

304 

2984 

580 

364 

357*3 

69*5 

4'24 

416-2 

809 

484 

475*1 

92*4 

544 

534*o 

1038 

805 

2994 

^'2 

365 

358*3 

696 

425 

417-2 

8i-i 

485 

4761 

92-6 

545 

5350 

1040 

306 

3003 

58*4 

366 

359*2 

698 

426 

418-1 

813 

486 

477*0 

928 

546 

535*9 

104-2 

307 

3013 

S*'$ 

367 

3602 

70*0 

427 

4191 

8i-5 

487 

478*o 

930 

547 

536*9 

1044 

308 

3023 

588 

368 

3612 

702 

428 

420*1 

817 

488 

479*0 

93*« 

548 

537*9 

104-6 

309 

303*3 

59*o 

369 

3622 

704 

429 

42I-I 

819 

489 

480-0 

93*3 

549 

538*9 

1048 

310 

3043 

592 

370 

363-2 

706 

430 
431 

422*1 
423*0 

821 
822 

490 

481*0 

93*5 

550 
551 

539*9 

1050 

311 

305*3 

59*3 

371 

364i 

708 

491 

4819 

93  6 

5408 

105-1 

312 

3062 

59*5 

372 

3651 

71  0 

432 

4240 

824 

492 

4829 

938 

552 

541*8 

1053 

313 

3072 

597 

373 

3661 

71-2 

433 

425*0 

826 

493 

483*9 

940 

553 

542  8 

1055 

314 

3082 

599 

374 

3671 

71*4 

434 

426*0 

828 

494 

4849 

942 

554 

543*8 

1057 

315 

3092 

601 

375 

3681 

716 

435 

4270 

830 

495 

485*9 

94*4 

555 

544*8 

s? 

316 

3102 

603 

376 

3691 

717 

436 

4280 

832 

496 

4869 

94*6 

556 

545*8 

317 

3"  1 

605 

377 

3700 

7i*9 

437 

4289 

83*4 

497 

4878 

94*8 

557 

5467 

1063 

318 

312-1 

607 

378 

37IO 

72*1 

438 

4299 

836 

498 

488-8 

95*o 

558 

5477 

1065 

319 

3U1 

609 

379 

372*0 

72*3 

439 

430*9 

838 

499 

4898 

95*2 

559 

5487 

1067 

320 

321 

3*4-1 

315-1 

611 
613 

380 
381 

373*o 
374*0 

725 
72  7 

440 
441 

431*9 
432*9 

840 
84-1 

500 
501 

4908 
~497*8 

95*4 

560 

5497 

1069 

956 

561 

550-7 

1071 

322 

3161 

614 

382 

374*9 

72-9 

442 

433*8 

843 

502 

492*7 

958 

562 

551-6 

1072 

323 

3170 

616 

383 

375*9 

73*i 

443 

434*8 

84*5 

503 

4937 

960 

563 

552  6 

1074 

324 

3180 

61*8 

384 

376*9 

73*3 

444 

435*8 

847 

504 

4947 

962 

564 

553*6 

1076 

325 

3190 

62-0 

385 

377*9 

73*5 

445 

436*8 

849 

505 

4957 

964 

565 

554*6 

1078 

326 

3200 

62*2 

386 

378-9 

73*7 

446 

437*8 

851 

506 

4967 

966 

566 

5556 

1080 

327 

321-0 

62-4 

387 

379*9 

73*8 

447 

438*8 

85*3 

507 

497*7 

968 

567 

5566 

1082 

328 

321-9 

626 

388 

3808 

74*0 

448 

4397 

f55 

508 

4986 

970 

568 

557*6 

1084 

329 

3229 

62-8 

389 

3818 

74*2 

449 

4407 

857 

509 

499  6 

97*2 

569 

558*6 

1086 

330 
331 

3239 
3249 

63-0 

390 

3828 

74*4 
74*6 

450 
451 

441*7 
442*7 

85*9 
861 

510 
511 

5006 
5016 

97*3 
97*5 

570 
571 

559*5 
5605 

1088 

632 

391 

383'8 

1090 

332 

3259 

63*4 

392 

3848 

74*8 

452 

4437 

862 

512 

5026 

97*6 

572 

5615 

109-1 

333 

3268 

63*5 

393 

3857 

750 

453 

444*6 

864 

513 

503*5 

97*8 

573 

5625 

1093 

834 

3278 

637 

394 

3867 

75*2 

454 

445*6 

86-6 

514 

504*5 

980 

574 

563*5 

1095 

835 

3288 

63*9 

395 

3877 

75*4 

455 

4466 

86-8 

515 

505*5 

982 

575 

5645 

1097 

836 

3298 

641 

396 

3887 

75*6 

456 

447*6 

87-0 

516 

506-5 

984 

576 

565  4 

1099 

837 

3308 

643 

397 

389  7 

75*8 

457 

4486 

87*2 

517 

507*5 

986 

577 

5664 

IIO'I 

338 

3318 

64*5 

398 

3907 

75  9 

458 

4496 

!7'i 

518 

508-5 

988 

578 

5674 

1103 

389 

3327 

647 

399 

391-6 

761 

459 

4505 

876 

519 

5094 

990 

579 

5683 

1105 

840 

3337 

64*9 
651 

400 
401 

3926 
393*6 

76*3 
76-5 

460 

451*5 

878 

520 
521 

5104 

99*2 

580 
581 

5693 
57o-3 

1 107 

341 

3347 

461 

45*5 

880 

5"4 

99*4 

1109 

842 

3357 

65*3 

402 

394*6 

76*7 

462 

453*5 

88-2 

522 

512*4 

99*6 

582 

571*3 

III'I 

343 

3367 

65*5 

403 

395*6 

769 

463 

454*5 

883 

523 

513*4 

99*8 

583 

5723 

1 1 1-3 

844 

337*6 

656 

404 

396*5 

771 

464 

455*4 

885 

524 

514*3 

1000 

584 

5732 

1115 

845 

3386 

658 

405 

397*5 

77*3 

465 

456*4 

887 

525 

515*3 

100-2 

585 

574*2 

1117 

846 

3396 

660 

406 

398*5 

77*5 

466 

457*4 

889 

526 

5i6*3 

1004 

566 

575*2 

in  8 

347 

340-6 

66-2 

407 

399*5 

77  7 

467 

458-4 

891 

527 

517*3 

ioo-6 

587 

5762 

II2'I 

848 

341*6 

664 

408 

4005 

77*9 

468 

459*4 

893 

528 

518-3 

1008 

588 

577  2 

1 12-3 

349 

342  6 

666 

409 

4015 

781 

469 

4604 

89*5 

529 

519*3 

101-0 

589 

578-2 

1 124 

350 

343*5 

66*8 

410 

4024 
4034 

782 

470 
471 

4613 

897 

530 
531 

5202^ 
521-2 

IOI-2 

590 

579*1 

112  6 
II  2*8 

851 

3445 

670 

41: 

78-4 

4623 

89*9 

101-4 

591 

5801 

352 

345'5 

67-2 

412 

4044 

786 

472 

4633 

901 

532 

522-2 

101  6 

592 

581  1 

1 130 

353 

3465 

67*4 

413 

4054 

788 

473 

4643 

90*3 

533 

5232 

1017 

593 

582-1 

113*2 

354 

347*5 

67*5 

414 

406*4 

790 

474 

4653 

904 

534 

524*2 

ioi-8 

594 

583*i 

"3*3 

855 

348-4 

677 

415 

4073 

792 

475 

466-2 

906 

535 

5251 

1020 

595 

5840 

ii3'5 

356 

349*4 

67*9 

416 

4083 

79*4 

476 

4672 

908 

536 

5261 

I02'2 

596 

5850 

1 137 

857 

3504 

681 

417 

4093 

79*6 

477 

4682 

91-0 

537 

527*1 

IO24 

597 

5860 

113*9 

358 

351*4 

683 

418 

410*3 

79*8 

478 

4692 

91-2 

538 

5281 

1026 

598 

5!r 

1141 

359 

352*4 

685 

419 

41 1*3 

800 

479 

470-2 

91*4 

539 

5291 

1028 

599 

5880 

"4-3 

360 

353*4 

687 

420 

4123 

801 

480 

47i*i 

916 

540 

530I 

IO3  0 

600 

5890 

1 14  5 

Dirt. 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

Hist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

1 

7i 

>° 
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Disu 

D.Ut 

Dep. 

Dist 

D.Ut. 

Dep. 

Diet. 

D.Ut. 

Dep. 

Dist. 

D.Ut. 

Dep. 

Dist 

D.Ut. 

Dep. 

i 

I'O 

0*2 

61 

59*7 

ia*7 

121 

xi8*4 

a5*a 

181 

i77-o 

37-6 

341 

*35'7 
236-7 

50-1 

3 

a*o 

0*4 

63 

606 

ia*9 

122 

119*3 

*5*4 

182 

178*0 

37*8 

242 

50*3 

3 

a-9 

06 

63 

6r6 

13-1 

123 

iao'3 

256 

183 

179*0 

380 

343 

*37*7 

50-5 

4 

3'9 

08 

64 

62-6 

*3'3 

124 

iai*3 

26*0 

184 

180*0 

38*3 

244 

*38*7 

50-7 

5 

4*9 

I'O 

65 

63*6 

i3'5 

125 

122*3 

185 

181*0 

38-5 

245 

239*6 

50-9 

6 

5*9 

1*2 

66 

64-6 

13*7 

126 1  i23-a 

26*2 

186 

181*9 

38*7 

246 

240*6 

511 

7 

6-8 

1*5 

67 

65*5 

13*9 

127 

124** 

26*4 

W 

182*9 

38*9 

247 

a4i*6 

51-4 

8 

7*8      i*7 

68 

66*5 

14': 

128 

125*2 

26*6 

188 

183*9 

39*1 

248 

242-6 

516 

9 

8*8 

1*9 

69 

6r5 

H*3 

129 

126*2 

26*8 

189 

1849 

39*3 

249 

2436 

5i'8 

10 

9*8 

2*1 

70 

68*5 

146 

130 

127*2 

27*0 

190 

185-8 

39*5 

250 

*44*5 

52*0 

11 

io*8 

a- 3 

71 

694 

14*8 

131 

128- 1 

27-2 

191 

186*8 

39*7 

251 

*45'5 

52*2 

12 

ii*7 

**5 

72 

70*4 

15*0 

132 

129*1 

27*4 

192 

187*8 

39*9 

252 

2465 

5**4 

13 

12*7 

**7 

73 

71*4 

152 

133 

I30*X 

27*7 

193 

i88*8 

40*1 

258 

*47*5 

52*6 

14 

13-7 

**9 

74 

7**4 

15*4 

134 

131*1 

27*9 

194 

189-8 

40-3 

254 

2484 

52-8 

15 

14-7 

3« 

75 

73  4 

15*6 

135 

I32*0 

a8i 

195 

190-7 

40*5 

255 

*49*4 

530 

16 

15-7 

3*3 

76 

74*3 

16*0 

136 

I33-0 

a8*3 

196 

191*7 

40*8 

256 

250*4 

53** 

17 

16*6 

3*5 

77 

7S3 

137 

I34'0 

a8*5 

197 

192*7 

41*0 

257 

251*4 

53*4 

18 

176 

3*7 

78 

76-3 

i6*a 

138 

I35-0 

a8-7 

198 

193*7 

4i-a 

258 

252*4 

53* 

19 

i8*b 

40 

79 

77*3 

16*4 

139 

136*0 

a8*9 

199 

194*7 

4i-4 

259 

*53*3 

53-8 

10     196 

4-2 

80 

78*3 

i6*6 

140 

136-9 

19-1 

200 

195*6 

41*6 

260 

*?4*3 

54*1 

21 

20-5 

4*4 

81 

79-2 

16*8 

141 

137*9 

a9*3 

201 

1966 

41*8 

261 

*55*3 

54*3 

33 

21*5 

46 

82 

80*2 

17*0 

142 

138-9 

a9*5 

202 

197-6 

4a*o 

262 

a56*3 

54*5 

23 

22*  5 

4*8 

83 

81-2 

17*3 

143 

I39'9 

29-7 

303 

198*6 

4a*a 

263 

*57'3 

54'7 

34 

*3*5 

5#o 

84 

82-2 

17*5 

144 

I409 

*9*9 

204 

"99*5 

4**4 

264 

a58*a 

54*9 

2ft 

24*5 

5** 

85 

831 

17*7 

145 

141*8 

30-1 

205 

200*5 

42*6 

265 

259*2 

55*i 

38 

*5*4 

5*5 

86 

841 

17-9 

146 

I4»-8 

30*4 

306 

aoi*5 

4a*8 

266 

260-2 

55*3 

37 

26*4 

5-6 

87 

85*1 

18*1 

147 

I438 

306 

207 

aoa*5 

43*0 

267 

2612 

55'5 

38 

274 

2'1 

6-o 

88 

86- 1 

18-3 

148    1448 

30-8 

308 

ao3*5 

43'* 

268 

a6a-i 

55*7 

39 

284 

89 

87-i 

18-5 

149 

H57 

31-0 

309 

204-4 

43-5 

269 

263-1 

56-1 

30 

*9*3 

61 

90 

880 

i8*7 

150 

146*7 

31-2 

210 

205-4 

43-7 

270 

264*1 

31 

30-3 

6-4 

91 

89*0 

189 

161 

'47*7 

3i*4 

211 

206*4 

43*9 

371 

265*1 

56*3 

32 

31*3 

«-7 

93 

90-0 

19*  1 

162 

1487 

316 

312 

207*4 

441 

373 

266*1 

56-6 

33 

3**3 

6-9 

93 

91*0 

19-3 

153 

H9*7 

31*8 

213 

208*3 

44'3 

373 

267-0 

56-8 

34 

33*3 

7"» 

94 

91-9 

19*5 

154 

150-6 

32*0 

214 

269*3 

445 

274 

268*0 

57-0 

35 

34*»      7*3 

95 

92-9 

198 

155 

i5r6 

32*2 

216 

aio*3 

44*7 

375 

269-0 

57*2 

36 

35-1-    7-5 

96 

93*9 

20*0 

156 

i5a*6 

3**4 

216 

an*3 

44*9 

376 

a7o*o 

57*4 

37 

36-1      77 

97 

94*9 

ao*a 

157 

1536 

32-6 

317 

aia*3 

45*1 

377 

270-9 

57-6 

38 

37*» 

7*9 

98 

959 

ao'4 
ao*6 

158 

1545 

32-9 

318 

ai3*a 

45*3 

378 

*7i*9 

57-8 

39 

38-1 

ti 

99 

968 

159 

'55*5 

33*i 

319 

ai4*a 

45*5 

379 

*7»-9 

58*0 

40 

39-1 

*J 

100 

97-8 

ao*8 

160 

156*5 

33*3 

320 

ai5*a 

45*7 

390 

*73*9 

58*2 

41 

40-1 

*-5 

101 

98-8 

aro 

161 

157-5 

33*5 

221 

ai6*a 

46'a 

381 

*74*9 

58*4 
58*6 

42 

41*1 

8-7 

103 

99*8 

ai-a 

162 

158-5 

33*7 

332 

2171 

883 

*75*8 

43 

42-1 

8-9 

103 

ioo'7 

a  i*4 

163 

159*4 

33*9 

823 

2181 

46*4 

383 

a76*8 

58-8 

44 

43-0 

9'» 

104 

101*7 

ax*6 

164 

160*4 

34*1 

224 

219*1 

46-6 

384 

a77-8 

59-0 

45 

44-0 

9* 

105 

102*7 

ai*8 

165 

i6,*4 

34*3 

225 

220*1 

46-8 

285 

a78*8 

59*3 

46 

450 

9-6 

106 

103-7 

aa*o 

166 

162*4 

34*5 

226 

221*1 

47'o 

266 

*79*8 

59*5 

47 

46*0 

1--8 

107 

104-7 

aa-a 

167 

163-4 

34*7 

227 

222*0 

47*a 

387 

a8o-7 

59*7 

48 

47-0 

lO'O 

108 

105*6 

aa-5 

168 

164*3 

34'9 

228 

223*0 

47*4 

388 

281-7 

59*9 

49 

479 

io*a 

109 

106*6 

aa-7 

169 

i6c*3 
1663 

35*i 

229 

224*0 

476 

389 

a8a*7 

601 

50 

48-9 

10-4 

110 

107-6 

229 

170 

35*3 

230 

225*0 

47*8 

390 

*8i-7 

603 

51 

49' 9 

io*6 

HI 

io8*6 

23*1 

171 

167-3 

35*6 

231 

226'0 

48*0 

291 

284*6 

60*5 

03 

50-9 
518 

10*8 

119 

109*6 

23*3 

172 

i63-a 

35*8 

332 

226*9 

48-1 

292 

a85*6 

60-7 

59 

I  I'O 

113 

1  io- $ 

*3*5 

173 

169-2 

36-0 

233 

"7*9 

48-4 

293 

286-6 

60*9 

54 

51-8 

xra 

114 

ni'5 

a3*7 

174 

1 70*  a 

36*2 

234 

228-9 

48-7 

994 

987*6 

6ri 

55 

53-* 

11*6 

116 

112*5 

*3*9 

175 

i7i*a 

36*4 

235 

229*9 

489 

895 

a88*6 

61*3 

M 

54*8 

116 

"35 

a4*i 

176 

I7a*a 

36*6 

236 

230*8 

49-1 

896 

a89-5 

615 

97 

5**7 

1 1-9 

117 

1144 

*4*3 

177 

173-1 

36-8 

237 

231*8 

49*3 

397 

290*5 

617 

M 

iai 

118 

1154 
116*4 

*4*5 

178 

174-1 

37*o 

238 

232-8 

49*5 

398 

291-5 

62*0 

19 

57*7 

123 

119 

*4'7 

179 

i7|i 
176*1 

37'* 

299 

a33-8 

49*7 

999 

*9**5 

62-2 

99    587 

12-5 

139 

117-4 

24-9 

180 

37*4 

240 

*34*8 

49*9 

300 

*93*4 

6a*4 

DUt*  Dep. 

D.Ut 

Dist 

Dep. 

D.Ut 

Dist 

Dep. 

D.Ut 

Diet 

Dop. 

D.Ut 

Dist 

Dep. 

D.Ut 
12» 
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DEGREES 

* 

12° 

0>-48» 

Hist. 

D.Lat 

Dep. 

Dist 
361 

D.Lat 

Dep. 

Di*t. 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 
112  5 

301 

»944 

626 

353*1 

75*o 

421 

41 18 

87*5 

481 

470*5 

lOO'O 

541 

5292 

803 

2954 

628 

362 

3541 

75*2 

422 

4128 

877 

482 

471*5 

100*2 

542 

5302 

1 127 

303 

2964 

630 

363 

355*1 

754 

423 

413*8 

87*9 

483 

4725 

1004 

543 

5311 

1 12-9 

304 

297*4 

632 

364 

356o 

757 

424 

4147 

881 

484 

4734 

ioo-6 

544 

5321 

113*1 

305 

2983 

634 

365 

357*o 

759 

425 

4157 

883 

485 

4744 

ioo*8 

545 

533*1 

"3*3 

306 

2993 

636 

366 

3580 

761 

426 

4167 

88-6 

486 

4754 

loro 

546 

534*1 

113  5 

307 

3003 

638 

367 

359*0 

763 

427 

4177 

88-8 

487 

476-4 

101  2 

547 

5351 

1137 

308 

3013 

64*0 

363 

3600 

76  5 

428 

418*6 

89*0 

488 

4773 

101-4 

548 

536*o 

"39 

309 

3022 

642 

869 

3609 

767 

429 

4196 

892 

489 

478*3 

ior6 

549 

537*0 

114-1 

310 

3032 

644 

370 

3619 

769 

430 

4206 

89*4 

490 
491 

479*3 
48o"3 

101*9 

550 

538o 

J  !4J4 
114*6 

311 

304'2 

646 

371 

3629 

77*1 

431 

421*6 

896 

102- 1 

551 

538-9 

312 

3052 

648 

372 

3639 

773 

482 

4226 

898 

492 

481  2 

1023 

552 

539*9 

1 14  8 

313 

3062 

651 

373 

3648 

77*5 

433 

423*5 

90-0 

493 

4822 

1025 

553 

5409 

115*0 

314 

3071 

65*3 

374 

365*8 

77*7 

434 

424-5 

90*2 

494 

4832 

1027 

554 

541*9 

115*2 

315 

3081 

655 

375 

3668 

779 

435 

425*5 

904 

495 

484*2 

1029 

555 

542*9 

1 15*4 

316 

3091 

657 

376 

367  8 

782 

436 

4265 

90*6 

«96 

485*2 

1031 

556 

543*8 

115-6 

317 

310-1 

659 

377 

3688 

784 

437 

4275 

90*8 

497 

4861 

1033 

557 

544*8 

1 158 

318 

3"i 

661 

378 

3697 

786 

438 

428-4 

91*0 

498 

4871 

1035 
1038 

558 

545  8 

1 1 60 

319 

312-0 

663 

379 

3707 

788 

439 

429*4 

91-3 

499 

4881 

559 

546*8 

1162 

320 

3130 

665 

380 

3717 

79*o 

440 

430*4 
431*4 

91*5 
917 

500 
501 

4891 
490*0 

104*0 

560 

547*8 

1 16-4 

1 166 

321 

314-0 

667 

381 

3727 

79*2 

441 

1042 

561 

548-7 

322 

3150 

669 

382 

3737 

79*4 

449 

432*3 

9i*9 

502 

4910 

104-4 

562 

5497 

1168 

323 

315*9 

671 

383 

374*6 

79*6 

443 

433*3 

92-1 

503 

4920 

1046 

563 

550-7 

1 170 

324 

3169 

67*3 

384 

375*6 

79*8 

444 

434'3 

92*3 

504 

493*o 

1048 

564 

551*7 

117*2 

325 

317-9 

670 

385 

3766 

800 

445 

435*3 

925 

505 

494*0 

1050 

565 

5527 

117  4 

326 

3189 

678 

386 

377*6 

802 

446 

4363 

927 

506 

495*0 

105-2 

566 

5537 

1 176 

327 

3199 

680 

387 

378-5 

80-4 

447 

437*2 

92*9 

507 

495*9 

1054 

567 

554*6 

117-8 

328 

3208 

682 

388 

379*5 

80-7 

448 

438*2 

93*1 

508 

4969 

105  6 

568 

555*6 

1180 

329 

321*8 

684 

389 

38o-5 

809 

449 

439*2 

93*3 

509 

497*9 

1058 

569 

5566 

118-2 

330 

3228 

686 

390 

38r5 

811 

450 

440-2 

93*5 

510 

498-9 

106*0 
~io6;2 

570 
571 

557*5 
558-5 

118*5 

T187 

331 

323*8 

68-8 

391 

3*2*5 

8i*3 

451 

4411 

937 

511 

499*8 

332 

32  V7 

690 

392 

383  4 

815 

452 

442-1 

93*9 

512 

5008 

1064 

572 

559*5 

1 189 

333 

3257 

69*2 

393 

384*4 

817 

453 

443*1 

941 

513 

501*8 

1066 

573 

5605 

119  1 

334 

3267 

694 

394 

385*4 

819 

454 

444-1 

94*4 

514 

5028 

1068 

574 

56i-5 

1193 

335 

3277 

696 

395 

386-4 

821 

455 

445*1 

94*6 

515 

5037 

107*0 

575 

5624 

H9*5 

336 

3287 

698 

396 

387-3 

823 

456 

446*0 

94-8 

516 

5047 

1072 

576 

5634 

1 197 

337 

329-6 

70-0 

397 

3883 

825 

457 

447*0 

95*o 

517 

505*7 

107*4 

577 

5644 

1 19  9 

338 

3306 

703 

398 

389-3 

827 

458 

448*0 

95*2 

518 

5067 

1076 

578 

565*4 

I20'I 

339 

331-6 

70-5 

399 

390*3 

829 

459 

449*o 

954 

519 

5077 

1078 

579 

5664 

I20*3 

340 
341 

332*6 

707 

400 

3913 

831 

83*4 

460 
461 

450*0 
450*9 

95'6 
958 

521 
521 

5087 
5096 

108' 1 
1083 

580 

567*4 

120*6 

333*5 

709 

401 

3922 

581 

568*3 

120-8 

342 

3345 

711 

402 

393*2 

836 

462 

451*9 

960 

522 

5106 

108*5 

582 

5693 

I2I-0 

343 

3355 

7i*3 

403 

394*2 

838 

463 

452*9 

962 

523 

5116 

1087 

583 

57o-3 

121*2 

344 

336*5 

71*5 

404 

3952 

84-0 

464 

453*9 

96-5 

524 

512-5 

1089 

584 

571-a 

1214 

345 

3375 

717 

405 

3962 

84-2 

465 

454*8 

967 

525 

5135 

109*2 

585 

572*2 

121*6 

346 

338-4 

719 

406 

397*1 

84*4 

466 

4558 

96'9 

526 

514*5 

1094 

586 

573*2 

121*8 

347 

3394 

721 

407 

3981 

846 

467 

4568 

97*i 

527 

5155 

1096 

587 

574*2 

1220 

348 

340  4 

723 

408 

399*1 

848 

468 

457-8 

973 

528 

516-5 

1098 

588 

5752 

122-2 

349 

341*4 

72  5 

409 

400-1 

850 

469 

458*8 

97*5 

529 

517-5 

1 10*0 

589 

576*2 

122*4 

350 
351 

342*4 

727 

410 

401-0 

852 

470 

4597 

977 

530 

5i8*4 

IIO*2 

590 

577*1 

122  6 

3433 

73*o 

411 

402-0 

85*4 

471 

460*7 

979 

531 

5194 

iio*4 

591 

5781 

122*8 

352 

3443 

73  2 

412 

403*0 

85-6 

472 

4617 

981 

532 

5204 

1 10  6 

592 

5791 

I23*0 

353 

345*3 

73*4 

413 

404*0 

858 

473 

4627 

983 

533 

521*3 

iio*8 

593 

5800 

I23-2 

354 

346-3 

73'6 

414 

405*o 

861 

474 

463*6 

985 

534 

5223 

III'O 

594 

5810 

123*4 

355 

347*2 

738 

415 

405*9 

863 

475 

464*6 

987 

535 

523*3 

111*2 

595 

5820 

123*6 

356 

348'2 

740 

416 

4069 

865 

476 

4656 

989 

536 

524*3 

1 1 1*4 

596 

5830 

1239 

357 

349*2 

74*2 

417 

407*9 

867 

477 

4666 

99*1 

537 

5253 

1 1 1-6 

597 

5840 

124*1 

358 

3502 

74*4 

418 

408-9 

86-9 

478 

4676 

99*4 

538 

5262 

111  8 

598 

5849 

124*3 

359 

351-2 

746 

419 

4098 

871 

479 

4685 

99*6 

539 

527*2 

II2*0   599 

585*9 

124  5 

360 

3521 

74*8 

420 

4108 

87*3 

480 

4695 

99*8 

540 

528-2 

1 12*3 1600 

586*9 

1247 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.  LatJDist 

Dep. 

D.Lat. 

78°                                                 5M2m    ] 

4M 


TABLE  1 
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—                                                            18° 

&52* 

Dist 

O.Ut 

Dep. 

Dist. 

D.Lat. 

Dep. 

Diat. 

D.Lat. 

Dep. 

Diat. 

D.Lat. 

Dep. 

Diat 

D.Lat 

Dep. 

1 

1*0 

0*2 

61 

59*4 

13*7 

121 

117-9 

27*2 

181 

176-4 

4o*7 

241 

*34'8 

54* 

S 

i*9 

0*4 

62 

60*4 

139 

122 

118-9 

*7*4 

182 

177*3 

40*9 

242 

2358 

54*4 

t 

2'9 

o*7 

63 

61*4 

14*2 

123 

119-8 

27*7 

183 

1783 

412 

243 

236*8 

54-7 

4 

3'9 

°*9 

64 

62-4 

14-4 

124 

120-8 

27*9 

184 

179*3 

4i*4 

244 

*37*7 

54*9 

6 

4*9 

i-i 

66 

63*3 

14-6 

125 

121*8 

28*1 

186 

180-3 

416 

245 

238*7 

55*i 

0 

5'8 

1*3 

66 

64*3 

14-8 

126 

122*8 

28*3 

186 

l8l*2 

41-8 

246 

239*7 

55*3 

7 

68 

i-6 

67 

6r3 

15*1 

127 

123-7 

286 

187 

182*2 

421 

247 

240*7 

55*6 

8 

7*8 

r8 

68 

66-3 

'5*3 

128 

124-7 

28*8 

188 

183*2 

42-3 

248 

241*6 

56*0 

9 

8*8 

2*0 

69 

67*2 

"5*5 

129 

i2|*7 
126-7 

29*0 

189 

184*2 

4**  5 

249 

242*6 

10 

9*7 

2*2 

70 

68*2 

"5*7 

130 

29-2 

190 

185-1 

4**7 

250 

243*6 

56*2 

11 

io*7 

**5 

71 

69*2 

160 

131 

127*6 

295 

191 

x86*i 

43-0 

261 

244*6 

5*5 

12 

n*7 

2*7 

72 

70*2 

16*2 

132 

1286 

29*7 

192 

187*1 

43* 

252 

*45'5 

56-7 

13 

I2«7 

**9 

73 

71*1 

i6*4 

133 

129-6 

299 

193 

188*1 

43*4 
43-6 

263 

246- 5 

5*5*9 

14 

i3-6 

3*" 

74 

72*1 

16*6 

134 

130-6 

30*1 

194 

189*0 

254 

247*5 

57*i 

15 

4-6 

3*4 

75 

73-1 

16*9 

135 

131-5 

30*4 
30-6 

195 

190*0 

43*9 

255 

248-5 

57*4 

16 

156 

3-6 

76 

74'i 

17*1 

136 

132-5 

196 

191*0 

44*  1 

266 

249*4 

57*6 

17 

166 

3*8 

77 

75-0 

17*3 

137 

133*5 

308 

197 

192*0 

44*3 

257 

250-4 

57-8 

18 

17-5 

4-0 

78 

76*0 

17-5 

138 

134*5 

31-0 

196 

192*9 

44*5 

258 

2514 

58*0 

19 

185 

4' 3 

79 

77-0 

17-8 

139 

135*4 

3»*3 

199 

193*2 

44*8 

269 

252*4 

58-3 

20 

19-3 

4*5 

80 

78*0 

18*0 

146 

1364 

3i*5 

200 

»94*9 

45*° 

260 

253*3 

58-5 

21 

20*5 

4*7 

81 

78*9 

182 

141 

137*4 

31*7 

201 

195*8 

45** 

261 

*54*3 

$*-7 

22 

21*4 

4*9 

82 

79*9 

i8*4 

142 

1384 

319 

202    1968 

45*4 

262 

*55*3 

58-9 

23 

22*4 

5"* 

83 

80-9 

18*7 

143 

139*3 

32*2 

203 

1978 

45*7 

263 

2563 

59*2 

24 

23'4 

5*4 

84 

8r8 

189 

144 

140-3 

3**4 

204 

198*8 

45*9 

264 

257-2 

59*4 

26 

*4*4 

5'6 

86 

828 

19*1 

145 

141-3 

32*6 

206 

1997 

461 

266 

258-2 

596 

26 

25-3 

5*8 

86 

83-8 

19*3 

146 

142*3 

3**8 

206 

200*7 

46*3 

266 

259*2 

59*8 

27 

26-3 

6m 

87 

84*8 

19*6 

U7 

143*2 

33-1 

207 

201*7 

46*6 

267 

260*2 

6o*i 

28 

27*3 

6-3 

f8 

85-7 

19*8 

148 

144-2 

33*3 

208 

202*7 

46*8 

268 

261*1 

60*3 

29 

283 

6*5 

89 

867 

20*0 

149 

145*2 

33*5 

209 

203*6 

47*0 

269 

262*1 

60*5 

30 

29*2 

6-7 

90 

87*7 

20*2 

150 

146*2 

33*7 

210 

204*6 

47** 

270 

263*1 

60*7 

31 
32 

30-2 
31-2 

7*0 

7-2 

91 
92 

88-7 
896 

20*5 
20*7 

151 
152 

147-1 
148*  1 

340 
34* 

211 
212 

205*6 
206*6 

47*5 
47*7 

271 
272 

264-1 
265*0 

6i*o 
612 

33 

32-2 

7*4 

93 

906 

20*9 

163 

149*1 

34*4 

213 

207*5 

4Z'9 

273 

266*0 

!ri 

34 

33'» 

7-6 

94 

91-6 

21*1 

154 

150*1 

34*6 

214 

208-5 

481 

274 

267*0 

6i*6 

35 

34-1 

7*9 

96 

92-6 

21*4 

156 

151-0 

34*9 

216 

209-5 

48-4 
48*2 

276 

268*0 

61*9 

36 

36- 1 

8*i 

96 

93*5 

2I«6 

166 

152*0 

35' 1 

216 

210*5 

276 

268*9 

62*1 

37 

8-3 

97 

94' 5 

21*8 

157 

153*0 

35*3 

217 

211*4 

488 

277 

269*9 

62*3 

38 

37*o 

8'5 

98 

95"5 

22*0 

158 

1540 

\u 

218 

212*4 

49*0 

278 

270-9 

62-5 

39 

38*0 

8-8 

99 

96-5 

22*3 

159 

"54*9 

219 

213-4 

49*3 

279 

271*8 

62*8 

40 

39° 

9-0 

100 

97*4 

22*5 

160 

1557 

36*0 

220 

214*4 

49*5 

280 

272*8 

63*0 

41 

39*9 

9-2 

101 

984 

22'7 

161 

156*9 

36*2 

221 

215-3 

49*7 

281 

273*8 

63*2 

42 

40-9 

9*4 

102 

99*4 

22*9 

162 

157-8 

3-5-4 

222 

216*3 

49*9 

282 

274*8 

<3'4 

43 

419 

9*7 

103 

100*4 

23*2 

163 

158*8 

*6'7 

223 

217-3 

50*2 

283 

275*7 

63*7 

44 

420 
43-8 

99 

104 

101*3 

23*4 

164 

1598 

3-5*9 

224 

218-3 

50*4 

284 

276*7 

639 

45 

io- 1 

105 

102*3 

23*6 

165 

160*8 

37*1 

225 

219*2 

50-6 

285 

277.7 

641 

48 

44*8 

103 

106 

103-3 

238 

166 

161*7 

37*3 

226 

220*2 

50*8 

286 

278*7 

!41 

47 

45-8 

io*6 

107 

104*3 

24*1 

167 

162*7 

37*6 

227 

221*2 

51*1 

287 

279*6 

64-6 

48 

468 

10-8 

108 

105*2 

24*3 

168 

163*7 

37*8 

228 

222*2 

5**3 

288 

280*6 

648 

49 

47*7 

11*0 

109 

106*2 

24*5 

169 

164.7 

38*0 

229 

223*1 

51*5 

289 

281*6 

65*0 

60 

48*7 

11*2 

110 

107*2 

24*7 

170 

165*6 

38*2 

230 

224*1 

5»*7 

290 

282*6 

65*2 

61 

49*7 

11-5 

111 

108*2 

25*0 

171 

166*6 

38*5 

231 

225*1 

52*0 

291 

283*5 

65*5 

62 

507 

ii-7 

112 

109*  I 

25*2 

172 

1676 

38*7 

232 

226-1 

52*2 

292 

284*5 

65*7 

63 

5r6 

11*9 

113 

HOT 

25*4 

173 

i68*6 

38*9 

233 

227*0 

5**4 

293 

2855 

65*9 

64 

52*6 

12*1 

114 

UI'I 

25*6 

174 

169*  5 

39-1 

234 

228-0 

52*6 

294 

286*5 

66*i 

66 

53*6 

I2'4 

115 

112*1 

25-9 

175 

170*5 

39*4 

236 

229*0 

52-9 

295 

287-4 

66*4 

66 

54-6 

I2«6 

,116 

113*0 

26*1 

176 

171-5 

39-6 

236 

230*0 

53*i 

296 

2884 

66*6 

57 

55*5 

I2'8 

U7 

114*0 

26*3 

177 

172*5 

39*8 

237 

230*9 

53*3 

297 

289-4 

66*8 

68 

56-5 

I3'0 

118 

115*0 

26-5 
268 

178 

"73*4 

40*0 

238 

231*9 

53*5 

208 

290*4 

67*0 

69 

57*5 

I3«3 

119 

116*0 

179 

174*4 

40*3 

236 

232*9 

53-8 

299 

291*3 

67*3 

69 

5«-5 

13*5 

120 

n6*9 

27*0 

180 

175*4 

40*5 

240 

233*8 

54*0 

800 

292*3 

67*5 

DiatJDep. 

D.Lat 

Diet 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Diat. 

Dep. 

D.Lat. 

Diat 

Dep. 

0  Lit. 

77° 

6»am 
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Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

301 

2933 

677 

361 

351*8 

812 

421 

410*2 

947 

481 

4687 

108-2 

541 

5272 

121*7 

302 

2943 

679 

362 

3527 

814 

422 

411-2 

949 

482 

4697 

1084 

542 

5281 

121*9 

303 

2952 

681 

363 

3537 

8i*6 

423 

412*2 

95*i 

483 

470'6 

1086 

543 

5291 

I22'l 

304 

2962 

684 

364 

3547 

819 

424 

413*1 

95*3 

484 

471*6 

1088 

544 

5301 

122*3 

305 

2972 

68  6 

365 

3556 

821 

425 

414*1 

95  6 

485 

4726 

109*0 

545 

5311 

122-J 
122*8 

306 

298  2 

68*8 

366 

356*6 

823 

426 

4l5"i 

958 

486 

473'6 

1093 

546 

5320 

307 

2991 

69-0 

367 

357*6 

82-s 

427 

416-I 

960 

487 

474*5 

1095 

547 

533*0 

123-0 

308 

3001 

693 

368 

3586 

828 

428 

4170 

96-2 

488 

475*5 

1097 

548 

534*0 

123*2 

309 

3011 

695 

369 

3595 

83-0 

429 

4180 

965 

489 

476-5 

1099 

549 

535o 

1234 

MO 

3021 

697 

370 

3605 

832 
83*4 

430 

4190 

967 

490 

477  5 
4784 

no  1 

550 

535*9 

1237 

311 

3030 

699 

371 

36i*5 

431 

4200 

96-9 

491 

iio*4 

551 

536-9 

123*9 

312 

3040 

70*2 

372 

3625 

837 

432 

4209 

97*1 

492 

4794 

uo-6 

552 

5379 

I24'I 

313 

3050 

704 

373 

3634 

839 

433 

4219 

97*4 

493 

480-4 

110-9 

553 

538-9 

1244 

814 

3060 

706 

374 

3644 

84-1 

434 

4229 

97'6 

494 

481-4 

iii-i 

554 

539-8 

124*6 

815 

3069 

708 

375 

3654 

84*3 

435 

4239 

978 

495 

4823 

ni'3 

555 

54o8 

124*9 

816 

307  9 

711 

376 

3664 

846 

436 

424*8 

98-0 

496 

4833 

111-5 

556 

541-8 

125-1 

317 

3089 

7i*3 

377 

3673 

848 

437 

4258 

98-3 

497 

4843 

1 1 1-8 

557 

5428 

1253 

318 

3099 

7i*5 

378 

3683 

850 

438 

4268 

985 

498 

485*3 

112*0 

558 

5437 

1255 
125-8 

319 

3108 

71*7 

879 

3693 

852 

439 

427-8 

987 

499 

4862 

112*2 

559 

5447 

320 
321 

3"-8 
3i2:8 

720 

380 

37o-3 

85*5 

440 

4287 

989 

500 

4872 

112-4 

H2-6 

560 

5457 

126*0 

72*2 

381 

3712 

857 

441 

4297 

99*2 

501 

488-2 

Sol 

5467 

126-2 

322 

3138 

72*4 

382 

3722 

859 

442 

4307 

99*4 

502 

4892 

1 1 2-9 

562 

547*6 

126-4 

323 

3«47 

726 

383 

373*2 

861 

443 

43»*6 

99*6 

503 

490-1 

113-1 

563 

548-6 

126-7 

324 

3157 

729 

384 

374*2 

864 

444 

4326 

99*8 

504 

491*1 

1133 

564 

5496 

126/9 

325 

3167 

73*1 

385 

375*1 

86*6 

445 

4336 

1001 

505 

4921 

113*5 
1138 

565 

550*6 

127*1 

326 

3176 

73*3 

386 

3761 

868 

446 

434*6 

1003 

506 

4931 

566 

551*5 

1273 

327 

3186 

73*5 

387 

377*1 

870 

447 

435*5 

100-5 

507 

4940 

114*0 

567 

5525 

1276 

328 

3196 

738 

388 

3781 

!7>3 

448 

436*5 

1007 

508 

4950 

114-2 

568 

553-5 

1278 

329 

3206 

740 

389 

379*o 

87  5 

449 

4375 

101*0 

509 

496-0 

»4*5 

569 

554*5 

1280 

330 

321*5 

742 

390 

380-0 

877 
879 

450 

438*5 

IOI-2 

510 

4969 

1 147 

570 

555*4 

1283 
1285 

831 

3225 

74*4 

391 

3810 

451 

439*4 

ioi*4 

511 

497*9 

114-9 

571 

5564 

332 

3235 

747 

392 

3820 

882 

452 

4404 

ioi-6 

512 

4989 

115-1 

572 

557*4 

1287 

333 

3245 

74*9 

393 

3829 

884 

453 

441*4 

1019 

513 

499*9 

115*4 

573 

558  4 

1289 

334 

3254 

75*i 

394 

383  9 

886 

454 

442*4 

102-1 

514 

5008 

1156 

574 

559*3 

1 29*2 

335 

3264 

75*3 

395 

384  9 

88-8 

455 

4433 

1023 

515 

5018 

115*8 

575 

5603 

1294 

336 

3274 

75*6 

396 

385  9 

891 

456 

444*3 

102-5 

516 

5028 

1 160 

576 

56i*3 

129  6 

337 

3*8-4 

75*8 

397 

386-8 

89*3 

457 

445*3 

102*8 

517 

5038 

1 163 

577 

5623 

1298 

338 

3293 

76-0 

398 

387*8 

895 

458 

4463 

1030 

518 

5047 

1165 

578 

5632 

1300 

339 

33o-3 

762 

399 

3888 

897 

459 

447*2 

1032 

519 

5057 

1 167 

579 

5642 

1302 

340 

331-3 

76-5 

400 

389-8 

90*0 

460 

4482 

1034 

520 

5067 

1 16  9 

580 

565*2 

1304 
1307 

341 

332*3 

767 

401 

390*7 

902 

461 

449*2 

1037 

521 

5°n 

1172 

581 

566-2 

342 

333'2 

769 

402 

391*7 

904 

462 

450-2 

103-9 

522 

5086 

117*5 

582 

5671 

131*0 

343 

3342 

771 

403 

3927 

906 

463 

451*1 

104' I 

523 

5096 

1177 

583 

5681 

131-2 

344 

335*2 

77*4 

404 

393*6 

908 

464 

4521 

104*3 

524 

5106 

"7*9 

584 

5691 

131*4 

345 

336-3 

776 

405 

394*6 

911 

465 

4531 

104-6 

525 

511*6 

1181 

585 

57oi 

1316 

346 

3371 

77*8 

406 

3956 

913 

466 

4541 

104-8 

526 

5125 

1183 

586 

57i*o 

131-8 

347 

338i 

78-0 

407 

3966 

91-5 

467 

455*o 

105-0 

527 

513*5 

1185 

587 

5720 

1320 

348 

3391 

78-3 

408 

3975 

917 

468 

456o 

105-2 

528 

514-5 

1187 

588 

5730 

1323 

349 

34Q-I 

7f-5 

409 

398-5 

920 

469 

4570 

105*5 

529 

5155 

119*0 

589 

573*9 

132*5 
1328 

350 
351 

34i'0 
3420 

787 

410 

3995 

922 

470 

458o 

1057 

530 

5164 

1 192 

590 

5749 

78-9 

411 

4005 

924 

471 

458-9 

1059 

531 

5174 

"9*4 

591 

5759 

1330 

352 

3430 

79*2 

412 

401*4 

92-6 

472 

4599 

106-1 

532 

5184 

119*6 

592 

5769 

133*2 

353 

3440 

794 

413 

402-4 

929 

473 

4609 

1064 

533 

5i9*4 

1199 

593 

5778 

133*4 

354 

3449 

796 

414 

403*4 

93'i 

474 

4619 

1066 

581  i  520*3 

I20'l 

594 

5788 

1336 

355 

345*9 

798 

415 

404*4 

93*3 

475 

4628 

1068 

535 

521*3 

1203 

595 

579-8 

1338 

856 

3469 

80-1 

416 

405*3 

93*5 
938 

476 

4638 

107-0 

536 

5223 

I20*S 

1208 

596 

5808 

134*0 

357 

3479 

803 

417 

4063 

477 

4648 

107-3 

537 

523*3 

597 

5817 

134*3 

358 

3488 

805 

418 

4073 

94*0 

478 

4658 

107*5 

538 

5242 

I21'0 

598 

5827 

134*5 
134*8 

359 

349*8 

807 

419 

408-3 

94*2 

479 

4667 

1077 

539 

525*2 

121*2 

599 

5837 

360 

3508 

81*0 

420 

4092 

944 

480 

4677 

1079 

540 

5262 

121*5 

600 

584*6 

I350 
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D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lst 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.  I*t. 

Dep. 

1 

I'O 

0*2 

61 

59*4 

13*7 

121 

117-9 

27-2 

181 

1764 

40-7 

241 

*34*8 

54* 

S 

i*9 

°'4 

82 

60*4 

139 

122 

118*9 

*7*4 

182 

177*3 

40*9 

242 

2358 

54*4 

t 

2'9 

°'7 

63 

6 1*4 

14*2 

123 

119*8 

27-7 

183 

178*3 

412 

243 

236*8 

54*7 

4 

3'9 

0-9 

64 

62*4 

14-4 

124 

1 20' 8 

27*9 

184 

179*3 

41*4 

244 

237*7 

54*9 

6 

4*9 

1*1 

65 

63*3 

14-6 

126 

121*8 

28*1 

186 

180*3 

416 

245 

238-7 

55*i 

0 

5*8 

1*3 

66 

64- 3 

14-8 

126 

122*8 

28*3 

186 

181-2 

41-8 

246 

*39*7 

55*3 

7 

68 

i-6 

67 

65-3 

151 

127 

123*7 

28*6 

187 

182*    42*  1 

247 

240*7 

55*6 

8 

7*8 

i-8 

68 

66-3 

'5*3 

128 

124*7 

28-8 

188 

183-2  '  42*3 

248 

241*6 

56*0 

9 

8*8 

2*0 

69 

67-2 

lS'S 

129 

126*7 

29*0 

189 

184*2 

4**  5 

249 

242*6 

10 

9*7 

2*2 

70 

682 

>5*7 

130 

29*2 

190 

185*1 

4**7 

250 

243*6 

56-2 

11 

io-7 

2'5 

71 

69*2 

160 

131 

127*6 

29-5 

191 

186-1 

43*0 

261 

244-6 

56*5 

12 

n*7 

2-7 

72 

70*2 

16*2 

132 

1286 

29-7 

192 

187*1 

43* 

252 

*45*5 

56-7 

13 

12*7 

2*9 

73 

71*1 

i6*4 

133 

129*6 

29-9 

193 

188- 1 

43*4 

263 

2465 

56*9 

14 

13*6 

3-1 

74 

72*1 

16*6 

134 

130*6 

30*1 

194 

i89*c 

43*6 

254 

*47*5 

57*i 

16 

4-6 

3*4 

76 

73-1 

i6-9 

136 

131*5 

30*4 

195 

190*0 

43*9 

255 

248*5 

57*4 

16 

15  6  1    3*6 

76 

74*' 

17*1 

136 

132*5 

30*6 

196 

191*0 

44*1 

266 

*49*4 

57*6 

17 

166 

3*8 

77 

75-0 

17*3 

137 

'33*5 

30*8 

197 

192*0 

44*3 

267 

250*4 

57*8 

18 

'7*5 

4-0 

78 

76*0 

*rs 

138 

134*5 

31*0 

196 

1929 

44*5 

268 

2514 

58-0 

19 

185 

4*3 

79 

77*0 

17-8 

139 

135*4 

3i*3 

199 

193*2 

44*8 

259 

252*4 

58*3 

20 

193 

4*5 

80 

78*0 

18*0 

146 

1364 

31*5 

206 

194*9 

4J'o 

260 

253*3 

58*5 

21 

20-5 

4*7 

81. 

78*9 

18-2 

141 

137*4 

3i*7 

201 

195*8 

45** 

261 

*54*3 

58*7 

22 

21*4 

4*9 

82 

79*9 

18*4 

142 

1384 

3i*9 

202    196*8 

45*4 

262 

*55*3 

589 

23 

22*4 

5** 

83 

80*9 

i8-7 

143 

I39'3 

32*2 

203 

*97*8    45*7 

263 

256-3 

592 

24 

23*4 

5*4 

84 

8i*8 

18*9 

144 

140*3 

3*4 

204 

198*8 

45*9 

264 

257*2 

59*4 

26 

*4'4 

5"6 

86 

82*8 

19*1 

146 

141*3 

326 

206 

199*7 

461 

266 

258*2 

59-6 

26 

25-3 

5*8 

86 

83-8 

19*3 

146 

142*3 

328 

206 

200*7 

46*3 
46*6 

266 

259*2 

59*8 

27 

26*3 

6m 

87 

84*8 

19-6 

U7 

143*2 

33*1 

267 

201-7 

267 

260*2 

6o*i 

28 

27*3 

6-3 

rs 

85*7 

19-8 

148 

144*2 

33*3 

208 

202*7 

46*8 

268 

261*1 

60*3 

29 

283 

6*5 

89 

867 

20*0 

149 

146*2 

33*5 

209 

203-6 

47*0 

269 

262*1 

60-5 

30 

292 

6'7 

90 

87'7 

20*2 

150 

33*7 

210 

204-6 

47** 

270 

263-1 

60*7 

31 

30-2 

7-0 

91 

88-7 

20*5 

151 

147*1 

34*0 

211 

205-6 

47'5 

271 

264*1 

6i*o 

32 

31** 

7-2 

92 

896 

20*7 

162 

148*1 

34** 

212 

206*6 

47*7 

272 

265*0 

6l*2 

33 

32-2 

rA 

93 

90*6 

20*9 

163 

149*1 

34*4 

213 

207-5 

47*9 

273 

266-0 

iri 

34 

33-1 

94 

9i-6 

21*1 

164 

1 50- 1 

34*6 

214 

208*5 

48*1 

274 

267*0 

61-6 

36 

34-1 

7*9 

96 

92*6 

21*4 

156 

151*0 

34*9 

215 

209*5 

48*4 

275 

268*0 

61*9 

2(6 

351 

8*i 

96 

93*5 

21*6 

156 

152-0 

35*1 

216 

210*? 

48*6 

276 

268*9 

62- 1 

37 

361 

8-3 

97 

94*5 

21-8 

157 

153*0 

35*3 

217 

211*4 

48-8 

277 

2699 

62*3 

38 

37*o 

8-5 

98 

95*5 

22*0 

158 

1540 

35*5 

218 

212*4 

49*0 

278 

270*9 

62*5 

39 

38-0 

8-S 

99 

96-5 

22'3 

159 

154*9 

35*8 

219 

213*4 

49*3 

279 

»7*"8 

62*8 

40 

390 

9-0 

100 

97*4 

22*5 

160 

*55'9 

36*0 

220 

214*4 

49*5 

280 

272*8 

63-0 

41 

39*9 

9-2 

101 

98*4 

22*7 

161 

156*9 

36*2 

221 

215*3 

49*7 

281 

273*8 

63-2 

42 

40-9 

94 

102 

99*4 

22-9 

162 

157*8 

36-4 

222 

216-3 

49*9 

282 

274*8 

6*3*4 

43 

419 

9*7 

103 

100*4 

23*2 

163 

158*8 

*6'7 

223 

217*3 

50*2 

283 

275*7 
276*7 

63*7 

44 

420 
438 

9*9 

104 

101-3 

23*4 

164 

159*8 

36*9 

224 

n8*3 

50*4 

284 

639 

46 

IO'I 

105 

102*3 

23*6 

165 

160-8 

37*i 

226 

219*2 

50*6 

285 

277*7 

641 

46 

448 

10-3 

106 

103-3 

23*8 

166 

,6r7 

37*3 

226 

220*2 

50*8 

286 

278*7 

643 

47 

45-8 

io-6 

107 

104-3 

24-1 

167 

162-7 

37*6 

227 

221*2 

51*1 

287 

279*6 

64*6 

48 

468 

io*8 

108 

105*2 

24-3 

168 

i63*7 

37*8 

228 

222*2 

5i*3 

288 

280*6 

64-8 

49 

477 

II'O 

109 

106*2 

*4*5 

169 

164-7 

380 

229 

223*1 

51*5 

289 

281*6 

65*0 

60 

4»-7 

ii*a 

110 

107*2 

*4*7 

170 

165-6 

38*2 

230 

224*1 

5i*7 

296 

282*6 

65-2 

61 

49*7 

11-5 

HI 

108*2 

25*0 

171 

166-6 

38-5 

231 

225*1 

52*0 

291 

283*5 

655 

62 

507 

n-7 

112 

109*1 

25*2 

172 

167*6 

38*7 

232 

226*1 

52*2 

292 

2845 

65-7 

63 

516 

n*9 

113 

no*  I 

*5*4 

173 

168-6 

389 

233 

227*0 

5**4 

293 

285*5 

SB 

64 

52*6 

12*  I 

114 

III'I 

25*6 

174 

169*5 

39*1 

234 

228*0 

52-6 

294 

286*5 

66 

53*6 

12-4 

115 

1 12*  I 

*5*9 

175 

170*5 

39*4 

236 

229'0 

52*9 

296 

287-4 

66*4 

66 

54-6 

12-6 

.116 

113*0 

26-1 

176 

171*5 

39-6 

236 

230*0 

53*i 

296 

2884 

66*6 

57 

55*5 

12*8 

117 

114*0 

z6*3 

177 

172*5 

39*8 

237 

230*9 

53*3 

297 

289*4 

66*8 

68 

56-5 

130 

118 

115*0 

26-5 

178 

173*4 

40*0 

238 

2319 

53*5 

208 

290*4 

67-0 

69 

57-5 

13-3 

119 

116*0 

26-8 

179 

174*4 

40-3 

236 

»32*9 

53*8 

299 

291*3 

67*3 

69 

58-5 

13-5 

120 

116-9 

27*0 

180 

175*4 

4o*5 

240 

233*8 

54*0 

800 

292*3 

67-5 

DittlDep.lD.Lat 
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Dep. 

D.Lat 

Dist. 

Dep. 
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Dist. 

Dep. 
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Dep. 
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Dist. 

D.Lat 

Dep. 

Dist.  D.  Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

301 

293*3 

677 

361 

351-8 

812 

421 

410*2 

947 

481 

4687 

108-2 

541 

5272 

1217 

302 

2943 

679 

862 

3527 

814 

422 

411  2 

94*9 

482 

4697 

1084 

542 

5281 

121*9 

303 

2952 

681 

363 

3537 

8i*6 

423 

412-2 

951 

483 

4706 

1086 

543 

5291 

122*1 

304 

296  2 

684 

364 

3547 

819 

424 

413*1 

95*3 

484 

4716 

1088 

544 

5301 

122*3 

305 

297  2 

68  6 

365 

3556 

821 

425 

4*4-1 

95  6 

485 

4726 

109-0 

545 

531*1 

I22'C 
122*8 

306 

2982 

688 

366 

356*6 

823 

426 

415-1 

95  8 

486 

473*6 

1093 

546 

5320 

307 

2991 

690 

367 

357*6 

825 

427 

4161 

960 

487 

474*5 

1095 

547 

5330 

I23O 

308 

300- X 

693 

368 

3586 

828 

428 

4170 

96-2 

488 

475*5 

1097 

548 

534*0 

123-2 

309 

3011 

695 

369 

3595 

830 

429 

4180 

96*5 

489 

476*5 

1099 

549 

5350 

123*4 

110 

3021 

697 

370 
371 

3605 
3615 

832 
83*4 

430 

4190 

967 

490 

477  5 
4784 

no  1 

550 

535*9 

1237 

311 

3030 

699 

431 

420*0 

969 

491 

H0'4 

551 

536*9 

123*9 

312 

3040 

70-2 

372 

3625 

837 

432 

4209 

97'i 

492 

4794 

1  io-6 

552 

537*9 

I24-I 

313 

3050 

704 

373 

3634 

83*9 

433 

4219 

97*4 

493 

480-4 

110*9 

553 

538*9 

I244 

314 

3060 

70-6 

374 

364*4 

84-1 

434 

4229 

97*6 

494 

481-4 

iii-i 

554 

539*8 

124*6 

315 

3069 

708 

375 

3654 

84*3 

435 

4239 

97*8 

495 

4823 

1113 

555 

5408 

124*9 

316 

307  9 

711 

376 

3664 

846 

436 

4248 

980 

496 

4833 

111-5 

1 1 18 

556 

541*8 

125*1 

317 

3089 

71*3 

377 

3673 

84-8 

437 

425*8 
4268 

98*3 

497 

4843 

557 

542-8 

1253 

318 

3099 

7i*5 

378 

3683 

850 

438 

98*5 

498 

485*3 

112*0 

558 

543*7 

1258 

319 

310*8 

7i*7 

379 

3693 

852 

439 

4278 

987 

499 

4862 

112*2 

559 

5447 

320 

3U-8 
3128 

720 

380 

37o-3 

85*5 

440 

4287 

989 

500 

4872 

1 1 2*4 

560 

545*7 

1260 

321 

72*2 

381 

3712 

857 

441 

4297 

99*2 

501 

4882 

112*6 

5ol 

5467 

126-2 

322 

3138 

72*4 

382 

3722 

859 

442 

430*7 

99*4 

502 

489*2 

112*9 

562 

5476 

126*4 

323 

3147 

726 

383 

373*2 

861 

443 

43  »*6 

99*6 

503 

490-1 

113*1 

563 

548*6 

1267 

324 

3157 

729 

384 

374*2 

864 

444 

4326 

99*8 

504 

491"! 

113*3 

564 

5496 

1269 

325 

3167 

731 

385 

3751 

86-6 

445 

4336 

1 001 

505 

4921 

"3*5 

565 

550*6 

127*1 

326 

3176 

73*3 

386 

3761 

86-8 

446 

434*6 

1003 

506 

493*1 

1 138 

566 

55*1-5 

1273 

327 

3186 

73*5 

387 

377*1 

870 

447 

4355 

100-5 

507 

494*o 

114-0 

567 

552*5 

127*6 

328 

3196 

73*8 

388 

378' 

87-3 

448 

436-5 

1007 

508 

495*o 

1 14-2 

568 

553*5 

1278 

329 

3206 

740 

389 

379*o 

87  5 

449 

437*5 

101-0 

509 

4960 

114*5 

569 

554*5 

1280 

330 

3215 

74*2 

390 

3800 

877 
87*9 

450 

438*5 

IOI-2 

510 

4969 

1 147 

570 

555*4 

1283 

331 

3225 

74*4 

391 

3810 

451 

439*4 

IOI*4 

511 

497*9 

1 149 

571 

5564 

1285 

332 

3235 

747 

392 

3820 

882 

452 

440*4 

iox-6 

512 

498*9 

1151 

572 

557*4 

1287 

333 

3245 

74*9 

393 

3829 

884 

453 

441*4 

1019 

513 

499*9 

ii5*4 

573 

558  4 

1289 

334 

3254 

751 

894 

383  9 

886 

454 

442*4 

I02'I 

514 

5008 

1156 

574 

559*3 

1292 

335 

3264 

75'3 

395 

384  9 

88-8 

455 

4433 

102-3 

515 

5018 

1 158 

575 

56o*3 

129*4 

336 

327*4 

75*6 

396 

385  9 

891 

456 

444*3 

102*5 

516 

502-8 

1160 

576 

561*3 

1296 

337 

3*8'4 

75-8 

397 

386-8 

89*3 

457 

445"3 

X028 

517 

5038 

1163 

577 

5623 

1298 

338 

329*3 

76*0 

398 

387*8 

895 

458 

446*3 

103-0 

518 

504*7 

1165 

578 

5632 

1300 

339 

330-3 

76*2 

399 

3888 

897 

459 

447*2 

1032 

519 

5057 

1 167 

579 

5642 

1302 

340 

331*3 

765 

400 

389*8 

90*0 

460 

448-2 

1034 

520 

506-7 

1 169 

580 

565-2 

1304 
1307 

341 

332*3 

767 

401 

390*7 

90-2 

461 

449*2 

1037 

521 

507*7 

1172 

581 

566-2 

342 

333'2 

769 

402 

391*7 

904 

462 

450-2 

1039 

522 

5086 

"7*5 

582 

5671 

131-0 

343 

334*2 

77-1 

403 

3927 

906 

463 

4511 

104-1 

523 

5096 

117*7 

583 

5681 

131-2 

344 

335*2 

77*4 

404 

393*6 

908 

464 

4521 

1043 

524 

5106 

117*9 

584 

5691 

131*4 

345 

336a 

776 

405 

394*6 

911 

465 

4531 

104-6 

525 

511-6 

iiS*i 

585 

57oi 

1316 

346 

3371 

77*8 

406 

395'6 

913 

466 

454* 

104-8 

526 

512*5 

1183 

586 

571*0 

131-8 

347 

338i 

78-0 

407 

3966 

9x5 

467 

4550 

105-0 

527 

513*5 

1 1 85 

587 

5720 

1320 

348 

339*1 

78*3 

408 

3975 

917 

468 

456*o 

105-2 

528 

5145 

1187 

588 

5730 

1323 

349 

340*1 

785 

409 

398-5 

920 

469 

4570 

105-5 

529 

515*5 

119-0 

589 

573*9 

1325 

350 
351 

3410 

787 

410 

3995 

92-2 

470 

4580 

1057 

530 

5i6*4 

1 192 

590 

574*9 

1328 

3420 

78*9 

411 

4005 

92*4 

471 

458*9 

1059 

531 

5174 

"9*4 

591 

5759 

1330 

352 

3430 

792 

412 

4014 

92*6 

472 

4599 

io6-i 

532 

5184 

119-6 

592 

5769 

133*2 

353 

3440 

794 

413 

402-4 

929 

473 

46o-9 

1064 

533 

519*4 

119*9 

593 

577*8 

133*4 

354 

344*9 

79*6 

414 

403*4 

931 

474 

4619 

1066 

531  i  520-3 

I20-1 

594 

5788 

133*6 

355 

3459 

798 

415 

404*4 

93*3 

475 

4628 

1068 

535 

521*3 

1203 

595 

579*8 

133*8 

356 

3469 

8o-i 

416 

405*3 

93*5 

476 

4638 

107-0 

536 

5223 

I20'5 

1208 

596 

5808 

134*0 

357 

3479 

803 

417 

4063 

938 

477 

464-8 

107-3 

587 

523*3 

597 

5817 

134*3 

358 

3488 

805 

418 

407*3 

94*0 

478 

465*8 

107-5 

538 

5242 

I21'0 

598 

5827 

134*5 
134*8 

359 

349*8 

807 

419 

4083 

94*2 

479 

4667 

1077 

539 

5252 

I2£'2 

599 

5837 

360 

350-8 

810 

420 

4092 

944 

480 

467*7 

1079 

540 

526-2 

121*5 

600 

5846 

i35*o 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat  IDist 

Dep. 

D.Lat. 
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TABLE  1 
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14°                                               0h  56» 

Dist 

D.Ut 

Dep. 

DUt 

D.Ut' Dep. 

Dist  D.Ut j  Dep. 

Dist 

D.Ut 

Dep. 

Dist 

D.Ut. 

Dep. 

1 

i-o 

0*2 

ftl 

59-2 

148 

121    1 1 74 

29-3 

181 

1756 

43*8 

241 

2338 

58-3 

2 

1.9 

0*5 

62 

60*2 

15-0 

122 

ii8-4 

29-5 

182 

1766 

440 

242 

234-8 

58-5 

3 

**9 

0-7 

63 

6i*i     15*2 

123 

119-3 

29-8 

183 

177-6 

44*3 

243 

2358 

58*8 

4 

3*9 

i*o 

64 

62- 1 

15*5 

124 

120-3 

30-0 

184 

178*5 

44*5 

244 

236*8 

590 

6 

4*9     «'* 

66 

631 

I5'7 

126 

1213 

30-2 

186 

179*5 

44-8 

246 

237-7 

59*3 

ft 

5** 

«*5 

66 

64*0 

16-0 

126 

122-3 

30-5 

186 

180*5 

45*0 

246 

2387 

59*5 

7 

6-8 

1-7 

67 

65*0 

161 

127 

123-2 

30-7 

187 

181*4 

45** 

247 

2397 

6o*o 

8 

7-8 

1-9 

68 

660 

165 

1% 

124-2 

31-0 

188 

1824 

45*5 

248 

240*6 

9 

8-7 

2*2 

69 

67*0 

16-7 

129 

125-2 

31-2 

189 

183-4 

45*7 

249 

241-6 

60*2 

10 

9*7 

**4 

70 

67-9 

16*9 

130 

126-1 

3»"4 

190 

184-4 

46-0 

260 

242-6 

60-5 

11 

107 

2-7 

71 

68-9 

17-2 

131 

127-1 

31-7 

191    1853 

46-2 

261 

243*5 

60*7 

12 

n*6 

29 

72 

699 

'7*4 

132 

I28l 

319 

192    1863 

46*4 

262 

*44*5 

61*0 

13 

12*6 

31 

73 

70-8 

»7'7 

133 

I29-O 

3»*» 

193 

187*3 

46-7 

263 

*45*5 

611 

14 

13*6 

3*4 

74 

7r8 

"7*9 

134 

I30-0 

32-4 

194 

188-2 

469 

264 

246*5 

614 

16 

146 

3-6 

76 

72-8 

181 

136 

I3I-0 

3*7 

196 

189-2 

47-2 

266 

247-4 

617 

1ft 

T5 
16*5 

3*9 

76 

73*7 

184 

13ft 

I320 

32-9 

196 

190*2 

47*4 

266 

2484 

61-9 

17 

4'i 

77 

747 

186 

137 

I32-9 

33*i 

197 

191-1 

47*7 

267 

249*4 

62*2 

18 

*7'5 

4*4 

78 

75-7 

18*9 

138 

133*9 

33*4 

198 

192*1 

47-9 

268 

250-3 

62*4 

19 

1 84 

4'6 

79 

76-7 

191 

139 

134*9 

33-6 

199 

1931 

481 

269 

251-3 

6v7 

to 

194 

48 

80 

77-6 

194 

140 

135-8 

33*9 

200 

194*  1 

484 

260 

252-3 

62*9 

2J 

204 

5"" 

81 

78-6 

19-6 

141 

136-8 

34*i 

201 

195*0 

486 

261 

253*2 

631 

92 

21*3 

5*3 

82 

79*6 

198 

142 

137-8 

34*4 

202 

196*0 

48-9 

262 

254a     63*4 

23 

22*3 

5-6 

83 

80-5 

20*I 

143 

1388 

346 

203 

197*0 

49*1 

263 

255*2 

63-6 

94 

13*3 

5'8 

84 

81*5 

20-3 

144 

139-7 

34*8 

204 

197*9 

49*4 

264 

256-* 

63-9 

26 

•H3 

60 

86 

82-5 

20-6 

146 

140-7 

35*i 

206 

198-9 

496 

266 

257*1 

64- , 

2ft 

26  •» 

6-3 

8ft 

83-4 

208 

146 

141-7 

35*3 

206 

"99*9 

49*8 

266 

258*1 

6i.*4 

27 

6-5 

87 

844 

21-0 

147 

142*6 

35*6 

207 

200*9 

50- 1 

267 

259*1 

64-6 

28 

27-2 

6-8 

88 

854 

21-3 

148 

1436 

35*8 

208 

20 1 -8 

50-3 

268 

260*0 

648 

29 

28*1 

7*0 

89 

864 

21*5 

149 

1446 

36-0 

209 

202-8 

50-6 

269 

261*0 

65*1 

30 

*9*i 

7*3 

90 

87-3 

21*8 

160 

145*5 

36-3 

210 

203-8 

50-8 

270 

262*0 

65*3 

31 

|0*I 

7*5 

91 

883 

22 -o 

161 

146-5 

36-5 

211    204*7 

510 

271 

263-0 

656 

32 

31-0 

7*7 

92 

893 

22*3 

162 

H7'5 

368 

212 

205*7 

5i*3 

272 

2639 

658 

33 

32-0 

80 

93 

90-2 

22-5 

163 

1485 

370 

213 

206*7 

5**5 

273 

264*9 

66*0 

34 

33«o 

82 

94 

912 

22*7 

164 

149*4 

37"3 

214 

207-6 

518 

274 

2659 

66*3 

3* 

$4*o 

8*5 

96 

922 

23-0 

166 

150-4 

37*5 

216 

208-6 

52-0 

276 

2668 

66*5 

3ft 

34*9 

87 

9ft 

93'i 

232 

166 

1514 

37*7 

216 

209-6 

52-3 

276 

267*8 

66*8 

37 

359 

9*0 

97 

94-1 

*3*5 

167 

1523 

380 

217 

210-6 

5**5 

277 

2688 

67*0 

38 

36-9 

92 

98 

95-1 

*37 

168 

*53*3 

382 

218 

2115 

5*7 

278 

2697 

67*3 

39 

37*8 

9'4 

99 

96-, 

24*0 

169 

"54-3 

38-5 

219 

212*5 

53-0 

279 

270*7 

67*5 

40 

38-8 

9*7 

100 

97.0 

24-2 

160 

155-2 

38-7 

220 

2135 

53** 

280 

271*7 

67*7 

41 

S9-8 

9'9 

101 

98*0 

*4*4 

161 

156-2 

38-9 

221 

214-4 

53*5 

281 

272-7 

680 

42 

40*8 

IO*2 

102 

99*0 

»4-7 

162 

157-2 

392 

222 

215*4 

53*7 

282 

273*6 

682 

43 

4'*7 

10-4 

103 

999 

24-9 

163 

158-2 

39*4 

223 

216*4 

53*9 

283 

274*6 

68*5 

44 

4*7 

ioa6 

104 

100-9 

25-2 

164 

159-1 

39*7 

224 

217*3 

54*» 

284 

275*6 

687 

46 

43*7 

109 

106 

101*9 

*5*4 

166 

160-1 

*i9#9 

226 

2i8*3 

54*4 

286 

276*5 

689 

4ft 

44*6 

n-i 

106 

I02'9 

25-6 

166 

1611 

40*2 

226 

219*3 

54*7 

286 

277*5 

69-2 

47 

45-6 

114 

107 

103-8 

*j*9 

W 

162*0 

40-4 

227 

220*3 

54*9 

287 

278-5 

694 

48 

46*6 

n*6 

108 

104*8 

26- 1 

168 

163-0 

40*6 

228 

221*2 

55** 

288 

279*4 

69*7 

49 

47*5 

119 

109 

105-8 

26-4 

169 

164-0 

40-9 

229 

222*2 

55'4 

289 

280*4 

699 

60 

48-5 

12*1 

110 

106*7 

26-6 

170 

165-0 

411 

230 

223*2 

55*6 

290 

281*4 

70*2 

61 

49*5 

I2'3 

HI 

107-7 

26*9 

171 

165-9 

41*4 

231 

224-1 

55*9 

291 

282-4 

70-4 

62 

50-5 

12*6 

112 

108-7 

27-1 

172 

1669 

41-6 

232 

225*1 

561 

292 

283*3 

70-6 

63 

5i'4 

12-8 

113 

109-6 

27-3 

173 

167-9 

419 

233 

226*1 

56*4 

293 

284*3 

70-9 

64 

5*4 

131 

114 

110*6 

27*6 

174 

1688    42- 1 

234 

227*0 

566 

294 

285-3 

711 

66 

534 

•3*3 

1)6 

III-6 

27*8 

176 

169-8 

42-3 

236 

228*0 

56-9 

296 

286*2 

7i*4 

6ft 

54*3 

"3*5 

116 

1126 

28-1 

176 

170-8 

426 

236 

229*0 

57-1 

296 

287-2 

71*6 

67 

55*3 

13-8 

117 

113-5 

28-3 

177 

I7i*7 

428 

237 

230*0 

57*3 

297 

288*2 

719 

68 

56-3 

140 

118 

114-5 

28-5 

178 

172-7 

43** 

238 

2309 

57-6 

298 

289*1 

72*1 

69 

57-2 

14*3 

119 

115-5 

288 

179 

173-7 

43*3 

239 

231-9 

57*8 

299 

290*1 

7**3 

80 

58-2 

'4*5 

120 

ii6*4 

29-0 

180 

174*7 

43*5 

240 

2329 

58-1 

300 

291*1 

72*6 

Dist 

Dep. 

D.Lai 

Oitt 

Dep. 

D.Ut 

Dist 

Dep. 

D.Ut 

Dist. 

Dep. 

D.Ut 

Dist 

Dep. 

D.Ut 
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TRAVERSE  TABLE  TO  DEGREES 

14° 

0h66« 

Dift 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dift 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

301 

292*0 

7*8 

361 

3502 

87*3 

421 

408*5 

ioi-8 

481 

466-7 

n6*3 

541 

5250 

130-9 

302 

293-0 

73*o 

362 

351-2 

876 

422 

409*4 

I02'I 

482 

467  7 

Ii6*6 

542 

5259 

131*2 

303 

2940 

73*3 

363 

352*2 

878 

423 

4*0*4 

102-3 

483 

4686 

1 16  8 

543 

5269 

I3I'4 

304 

2949 

73*5 
73*8 

364 

353  2 

88*0 

424 

41 1*4 

I02'6 

484 

4696 

1171 

544 

5279 

131*6 

305 

2959 

365 

354*1 

88*3 

425 

4123 

1028 

485 

470-6 

"7*3 

545 

5288 

131*9 

306 

2969 

74*o 

366 

3551 

885 
88*8 

426 

413*3 

1030 

486 

471*5 

1 17-6 

546 

5298 

132-1 

307 

2978 

742 

367 

356i 

4*7 

4H*3 

1033 

487 

472*5 

1 178 

547 

53o8 

1323 

308 

2988 

74*5 

368 

357*0 

89*0 

428 

415*3 

103*5 
1038 

488 

473*5 

1 180 

548 

531*7 

1326 

309 

2998 

74*7 

369 

358-0 

89-2 

429 

416*2 

489 

474*5 

1183 

549 

5327 

1328 

310 
311 

3008 

75*o 
75'2 

370 

359*o 

895 

430 

417*2 

104-0 

490 

491 

4754 
476-4 

H8-5 

550 

5337 

133*0 

3017 

371 

359*9 

89*7 

431 

4182 

104-2 

1188 

551 

534*6 

133*3 

312 

3027 

75*5 

372 

3609 

900 

432 

419*1 

1045 

492 

477-4 

1 190 

552 

535*6 

133*6 

313 

3037 

75*7 

373 

36x9 

90*2 

433 

4201 

1047 

493 

478*3 

119*2 

553 

536*6 

133-8 

314 

3046 

75*9 

374 

362-9 

905 

434 

421-1 

1050 

494 

479  3 

1 195 

554 

537*5 

i34*o 

315 

3056 

762 

375 

3638 

907 

435 

422*0 

105-2 

495 

4803 

1 197 

555 

538*5 

134*3 

316 

3066 

76*4 

376 

3648 

90? 

436 

4230 

1055 

496 

48i-3 

120*0 

556 

539*5 

134*5 

317 

307-6 

767 

377 

365-8 

91-2 

437 

424*0 

1057 

497 

4822 

1202 

557 

540-5 

134*8 

318 

3085 

769 

378 

3667 

914 

438 

4250 

1059 

498 

4832 

1 204 

558 

541*4 

1350 

319 

3095 

77'2 

879 

3677 

9*7 

439 

4259 

io6*2 

499 

4842 

120*7 

559 

5424 

135*2 

320 

3IO-5 

77*4 

380 

3687 

91*9 

440 

426-9 

106-4 

500 

485-1 

I2I*0 

560 

543*4 

135*5 

321 

3"*4 

77*6 

381 

369*6 

92*2 

441 

4279 

1067 

501 

486-1 

121*2 

561 

544*3 

135  7 

322 

3124 

77*9 

382 

3706 

924 

442 

428*8 

1069 

502 

487-1 

121*4 

562 

545*3 

135*9 

323 

3134 

781 

383 

371*6 

92*6 

443 

4298 

107*1 

503 

488-0 

121*7 

563 

5463 

1362 

324 

3143 

78-4 

384 

3726 

92*9 

444 

4308 

1074 

504 

4890 

122*0 

564 

547*3 

136-5 

325 

3153 

786 

385 

373*5 

93*i 

445 

431*7 

107*6 

505 

4900 

122*1 

565 

5482 

1366 

326 

3163 

78-8 

386 

374-5 

93*4 

446 

4327 

107*9 

506 

491*0 

122*4 

566 

549*3 

1369 

327 

3173 

791 

387 

3755 

93*6 

447 

4337 

1 081 

507 

491-9 

122*6 

567 

550-1 

i37'i 

328 

318-2 

79  3 

388 

376-4 

93*8 

448 

4347 

108*4 

508 

492-9 

122*9 

568 

551-1 

137*4 

329 

3192 

79*6 

389 

377*4 

941 

449 

435*6 

108-6 

509 

4939 

1231 

569 

552-1 

137*6 

330 

3202 

79'8 

390 

378-4 

94*3 

450 

4366 

108-8 

510 

494*9 
495*8 

123*4 

570 

5531 

137*9 

331 

321-1 

801 

391 

3794 

94*6 

451 

437*6 
43»-5 

109*  1 

511 

123*6 

571 

554*o 

13*1 

332 

3221 

803 

392 

3803 

94-8 

452 

1093 

512 

4968 

1238 

572 

555*o 

fH'i 

333 

3231 

80? 
808 

393 

38r3 

951 

453 

439*5 

1096 

513 

4978 

1 241 

573 

5560 

I3!t 

334 

3240 

394 

3823 

95*3 

454 

4405 

1098 

514 

4987 

1243 

574 

557*o 

1388 

335 

3250 

81*0 

395 

383*2 

95*5 
95*8 

455 

441-5 

IIO'I 

515 

4997 

124*6 

575 

557*9 

139-1 

336 

326*0 

813 

396 

3842 

456 

4424 

1103 

516 

5007 

1248 

576 

558*9 

139*3 

337 

3270 

81-5 

397 

385*2 

96*0 

457 

443*4 

110$ 
1 10-8 

517 

5017 

125*0 

577 

559*9 

139*5 
139-8 

338 

3279 

817 

398 

386-1 

96-3 

458 

444*4 

518 

5026 

1253 

578 

5609 

339 

3289 

82-0 

399 

3871 

965 

459 

445*3 

1  no 

519 

5036 

125-6 

579 

5618 

1400 

340 
341 

3299 
330-8 

822 

400 

388-1 

967 

460 

4463 

ni"3 

520 
521 

5046 
5055 

1258 

580 

5628 

140-3 

825 

401 

389*1 

970 

461 

447*3 

1115 

1260 

581 

5638 

1405 

342 

331*8 

82-7 

402 

3900 

97*2 

462 

448-2 

in  7 

522 

5o6*5 

1262 

582 

5647 

140-8 

343 

332*8 

83-0 

403 

391*0 

97*5 

463 

449*2 

112*0 

523 

5075 

126*5 
1268 

583 

5657 

141-0 

344 

333*7 

832 

404 

392-Q 

977 

464 

450-2 

1122 

524 

5084 

584 

5667 

141*3 

345 

3347 

83*4 

405 

3929 

98*0 

465 

4512 

112-5 

525 

509*4 

127*0 

585 

567*6 

141*8 

346 

335*7 

837 

406 

393*9 

982 

466 

4521 

1 127 

526 

510-4 

127*2 

586 

5686 

847 

3367 

83*9 

407 

3949 

984 

467 

453*1 

113*0 

527 

51 1-4 

1275 
1278 

587 

569*6 

142*0 

348 

337*6 

842 

408 

395*8 

987 

468 

454*1 

1132 

528 

512*3 

588 

570*6 

1423 

349 

338*6 

84*4 

409 

3968 

98-9 

469 

455*o 

1 134 

529 

513*3 

1280 

589 

571*5 

142? 

350 

339*6 

847 

410 

397*8 

99*2 

470 

456o 

"37 

580 
531 

5143 
5153 

1282 

590 

572-5 

1428 
i43*o 

351 

340-5 

*4'9 

411 

398* 

994 

471 

4570 

1 139 

128-5 
1288 

591 

573*5 

352 

341*5 

85*i 

412 

3997 

997 

472 

457*9 

1 142 

532 

5162 

592 

574*4 

143*3 

353 

342*5 

85-4 

413 

4007 

999 

473 

458  9 

1144 

533 

5172 

1290 

593 

5754 

143*5 

354 

343'5 

856 

414 

4017 

100  1 

474 

4599 

1 146 

534 

5182 

129-2 

594 

576-4 

143*8 

3S5 

344*4 

85*9 

415 

402*6 

ioo*4 

475 

4609 

1149 

535 

519*1 

1294 

595 

577*3 

1440 

356 

3454 

861 

416 

4036 

100-6 

476 

4618 

1151 

536 

520*1 

1297 

596 

578-3 

1443 

357 

346*4 

863 

417 

4046 

100-9 

477 

462-8 

"54 

537 

521*1 

1299 

597 

579*3 

144*5 

350 

347*3 

86-6 

418 

4055 

lOI'I 

478 

4638 

1156 

538 

5221 

1302 

598 

58o*3 

1447 

359 

348*3 

86-8 

419 

4065 

1013 

479 

4647 

1159 

539 

523*o 

1304 

599 

581*2 

144*9 

360 

3493 

871 

420 

407*5 

101*6 

480 

4657 

116  r 

540 

5240 

130*6 

600 

5822 

I45'« 

Dirt. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

76* 

5*  4" 

460 
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Diet 

D.Ut 

Dep. 

Dist 

D.Lut 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Ut 

Dep. 

Dist  D.  Ut 

D«p. 

1 

1*0 

o*3 

61 

589 

158 

121 

116*9 

31*3 
316 

181 

174-8 

468 

241 

232-8 

62*4 

2 

i-9 

05 

62 

59*9 

160 

122 

117-8 

182 

175*8 

47*  x 

242 

233*8 

626 

3 

2*9 

o*8 

63 

60-9 

.6-3 

123 

1188 

3r8 

183 

176*8 

47*4 

243 

*34-7 

62-9 

4 

39 

1*0 

64 

618 

166 

124 

119-8 

32*1 

184 

177-7 

47*6 

244 

*35*7 
236*7 

63-2 

5 

48 

i'3 

65 

628 

168 

125 

120-7 

324 

185 

178*7 

47*9 

245 

634 

6 

n 

v  6 

66 

63-8 

171 

126 

121-7 

32-6 

186 

179*7 

48-1 

246 

237-6 

637 

7 

18 

67 

64-7 

17'3 

127 

122*7 

329 

187 

x8o-6 

48*4 

247 

2386 

63*9 

8 

7*7 

2*1 

68 

65-7 

17-6 

128 

123*6 

331 

188 

x8x*6 

48*7 

248 

2395 

64*2 

9 

8*7 

**3 

69 

66-6 

'7*9 

129 

124*6 

33*4 

189 

182*6 

489 

249 

240*5 

64-4 

10 

9*7 

26 

70 

67-6 

181 

130 

125*6 

33*6 

190 

183*5 

492 

250 

»4i*5 

647 

11 

jo-6 

28 

71 

68-6 

18-4 

131 

126*5 

33*9 

191 

184-5 

49*4 

251 

242-4 

65-0 

12 

n-6 

3  1 

72 

69-5 

186 

132 

127*5 

342 

192 

185*5 

49*7 

252 

•H3'4 

65*2 

13 

12-6 

34 

73 

70-5 

i8-9 

133 

1285 

34*4 

193 

1864 

50*0 

253 

*44*4 

65*5 

14 

135 

3*6 

74 

7>*5 

19*2 

134 

1294 

34'7 

194 

187*4 

50*2 

254 

*45*3 

65*7 

15 

H'5 

3*9 

75 

72-4 

'94 

135 

1304 

34*9 

195 

188*4 

50*5 

255 

2463 

660 

16 

T5 
x6*4 

4' 

76 

73'4 

19-7 

136 

131-4 

35* 

196 

1893 

50*7 

256 

*47*3 

663 

17 

4'4 

77 

74*4 

19-9 

137 

1323 

35*5 

197 

X903 

51*0 

257 

2482 

665 

18 

»7*4 

4*7 

78 

75*3 

20*2 

138 

133-3 

35*7 

198 

1913 

51a 

258 

2492 

66*8 

19 

x8*4 

4*9 

79 

76-3 

20-4 

139 

134*3 

36-0 

199 

192*2 

51*5 

259 

250-2 

67*0 

90 

193 

5** 

80 

77*3 

20*7 

140 

135-2 

36*2 

200 

1932 

51*8 

260 

251-1 

67*3 

21 

20*3 

5*4 

81 

78-2 

21*0 

141 

1362 

365 
36-8 

201 

1942 

52*0 

261 

2521 

676 

22 

21*2 

5*7 

82 

792 

21*2 

142 

137*2 

202 

1951 

5**3 

262 

253-1 

678 

23 

22*2 

60 

83 

8o*a 

21-5 

143 

138*1 

37*0 

203 

196' X 

5**5 

263 

2540 

681 

24 

23'2 

62 

84 

811 

21*7 

144 

139*1 

37*3 

204 

197*0 

52-8 

264 

255-0 

68-3 

26 

24'  I 

6'5 

86 

821 

22*0 

145 

140*  X 

37*5 

205 

198*0 

531 

265 

256-0 

68*6 

26 

251 

6*7 

84 

831 

22'3 

146 

141*0 

17*8 

206 

199*0 

53*3 

266 

2569 

68*8 

27 

26*1 

70 

87 

840 

22*5 

147 

142*0 

380 

207 

199*9 

53-6 

267 

*-57'9 

69*1 

28 

27-0 

7-2 

88 

85*0 

22-8 

148 

1430 

38*3 

208 

200-9 

53*8 

268 

2589 

694 

29  |  28*0 

7*5 

89 

86*o 

23*0 

149 

143  9 

38-6 

209 

20 1 -9 

541 

269 

2598 

696 

30  :  29*0 

7*8 

90 

86-9 

23-3 

150 

144*9 

38*8 

210 

202-8 

54*4 

270 

260*8  ■  69-9 

31 

29.9 

8*o 

91 

87-9 

23*6 

151 

145*9 

39-i 

211 

203-8 

546 

271 

261  8 

70*1 

32 

309 

8*3 

92 

889 

23-8 

152 

1468 

39*3 
396 

212 

204*8 

54*9 

272 

262-7 

70*4 

33 

31-9 

8*5 

9S 

895 

241 

153 

1478 

213 

205-7 

55*1 

273 

263*7 

7o-7 

34 

32-8 

8-8 

94 

90-8 

24-3 

164 

148*8 

39*9 

214 

206-7 

55*6 

274 

264*7 

7o*9 

35 

33-8 

91 

96 

918 

246 

155 

149*7 

40-1 

216 

207*7 

275 

2656 

71*2 

36 

34*8 

9*3 

96 

92-7 

*4*8 

166    150-7 

40-4 

216 

208*6 

55*9 

276 

266*6 

71*4 

37 

35*7 

96 

97 

93*7 

251 

157 

151-7 

40*6 

217 

209*6 

56*2 

277 

267*6 

71*7 

38 

36-7 

98 

98 

947 

*5*4 

158 

152*6 

40*9 

218 

2IO*6 

56.4 

278 

268*5 

72*0 

39     37*7 

10' 1 

99 

956 

256 

159 

153*6 

41* 

219 

2x15 

56.7 

279 

269*5 

72*2 

40 

38*6 

10-4 

100 

966 

25-9 

160 

154*5 

41-4 

220 

212*5 

5-5*9 

280 

270*5 

7**  5 

41 

39-6 

io-6 

101 

97-6 

26-1 

161 

155*5 

4i*7 

221 

2135 

57-» 

281 

271*4 

7**7 

42     40-6 

109 

102 

98-5 

26-4 

162 

156*5 

41*9 

222 

214*4 

57*5 

282 

272*4 

73*0 

43 

4''5 

xx-x 

103 

99*5 

26-7 

163 

157*4 

42*2 

223 

2154 

57*7 

283 

273*4 

73"* 

44 

4**  5 

1 1«4 

104 

100-5 

26-9 

164 

158*4 

4*'4 

224  ,216-4 

58*0 

284 

*74'3 

73'5 

45 

43*5 

ix-6 

105 

101*4 

27*2 

165 

159-4 

42*7 

225 

217-3 

58*2 

285  275*3 

286  v*'3 

73*8 

46 

44*4 

u-9 

106 

102*4 

27-4 

166 

160*3    43*0 

226 

2183 

58-5 

74*0 

47 

45*4 

12-2 

107 

103-4 

277 

167 

161*3 

43'* 

227 

2193 

58*8 

287  I  277*2 

74*3 

48 

464 

124 

108 

1043 

28-0 

168 

162*3 

43*5 

228 

220-2 

59*0 

288  I  278-2 

74'5 

49 

47*3 

I2'7 

109 

105-3 

28*2 

169 

163*2 

43*7 

229 

221-2 

59*3 

M9  '279*2 

74*8 

50 

48-3 

129 

no 

106*3 

28-5 

170 

164-2 

44-0 

230 

222*2 

59*5 

29C    280*1 

75-1 

61 

49*3 

13a 

111 

107-2 

28-7 

171 

165-2 

44#3 

231 

223*1 

598 

291 

281*1 

75*3 
75'* 

62 

50*2 

13*5 

112 

108-2 

29-0 

172 

1661 

44*5 

232 

224- X 

6o*o 

292 

282*1 

63 

51-2 

137 

113 

109-1 

292 

173 

167*1 

44*8 

233 

225*X 

60*3 

293 

283*0 

75-8 

64 

52-2 

140 

114 

no- 1 

295 

174 

1681 

45*0 

234 

226*0 

6o*6 

294 

284*0     76*1 

66 

53#i 

142 

115 

IIX'X 

29-8 

175 

169*0 

45*3 

235 

227*0 

6o-8 

295 

284*9 

76*4 

66 

54*i 

H*5 

116 

II2-0 

30-0 

176 

170-0 

45-6 

236 

228*0 

6ii 

296 

285*9 

76-6 

57 

55  » 

14-8 

117 

II3-0 

30-3 

177 

171-0 

45-8 

237 

228*9 

61*3 

297 

286*9 

7*5*9 

58 

56*0 

15-0 

118 

1 140 

30-5 

178 

171-9 

46*1 

238 

2299 

6i*6 

298 

287*8 

77*1 

69 

57*0 

f5'3 

119 

1 149 

30-8 

179 

172*9 

4*5*3 

239 

23OO 
2318 

6x9 

299 

2888 

77-4 
77*6 

69 

58-0 

i5'5 

120 

II5-9 

31-1 

180 

173*9 

46*6 

240 

62*1 

300 

289*8 

Dm. 

Dep. 

D.Lat 

Dirt. 

d*. 

D.Ut 

Dist 

Dep. 

D.  Lit 

Dist. 

Dep. 

D.Ut 

Disu  Dep. 

D.Ut 

75°                                                   5h  0* 
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Dift. 

D.Lat. 

Dep. 

D'lMt 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

DistJD.Lat 

Dep. 

DistlD.  Lat. 

Dep. 

301 
302 
303 
304 
305 
306 
307 
308 
309 
310 

2907 
2917 

2927 
2936 
2946 
2956 
2965 

297*5 
2984 
299*4 

779 
782 

78-4 
787 
78  9 
79*2 
79*5 
79*7 
800 
802 

361 
362 
863 
364 
365 
366 
367 
368 
369 
370 

3487 
3496 
350-6 
35i6 
352-5 
3535 
354-5 
3554 
356'4 
357*4 

934 
937 
940 
94*2 
94*5 
947 
950 
95  3 
955 
95*8 

421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 

4066 
4076 
4086 

4095 
4105 
411  5 
412-4 
413*4 
414*4 
_4!5  3 
4163 

4173 
418-2 

4192 
4202 
4211 
422- 1 

4231 

424*0 

4250 

109-0 
109-2 
1095 

1097 
1 100 
no-3 
1105 
1 10-8 
iii-o 
1 1 13 
11 16 
iu-8 
112  1 
1 123 
1 12  6 
1 1 29 
ii3'i 
113-4 
1136 
1 139 

481 
•182 
483 
484 
485 
486 
487 
488 
489 
490 

4646 
465*6 
466-5 

4675 
468*5 
4694 
470-4 
471*4 
472*3 
473*3 

1245 

1248 
1250 

125*3 
1256 
125-8 
1261 
1264 
1266 
1269 

541 
542 
543 
544 
545 
546 
547 
548 
549 
550 

5226 
5235 
5245 
5255 
5264 

527-4 
5284 
5293 
530-3 
531*3 

5322 

533*2 
534*2 
535*1 
5361 
537*1 
538o 
5390 
5400 
5409 

1400 

1403 
140-5 
1408 
141-1 

1414 
141-6 

i4i*9 
142  1 

1424 

311 
312 
313 
3U 
315 
316 
317 
318 
319 
320 

3004 
3013 
3023 

3033 
3042 
3052 
3062 
307*i 
3081 
3091 

805 
808 
810 
813 
815 
8r8 
821 
823 
826 
828 

371 
372 
373 
374 
375 
376 
377 
378 
379 
380 

358*3 
359*3 
3603 
361-2 
3622 
3632 
3641 
3651 
3661 
3670 

960 

96-3 
965 
968 
971 
97*3 
97*6 
97*8 
981 
984 

491 
492 
493 
494 
495 
496 
497 
498 
499 
500 

474*3 
475*2 
4762 
477*2 
478-1 
479*1 
480-1 
4810 
4820 
4830 

127-1 
1274 
1276 

127*9 
128  1 
1284 
1286 
1289 
129-1 
1294 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 

I426 
1429 
1431 
143*4 
1437 
143*9 
144*2 
1444 

144*7 
1449 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
837 
338 
339 
340 

3100 

31  TO 
3I20 
312-9 
3139 
3M9 
3158 
316-8 
317-8 
3l87 

3197 
3207 

3216 
3226 
3236 
324*5 
3255 
3265 
3274 
3284 

831 

83'3 
836 

83*9 
841 

84*4 
846 
849 
851 
85*4 

381 
382 
383 
384 
385 
386 
387 
388 
389 
390 

3680 
3690 
3699 
370-9 
371*9 
372-8 

373*8 
374-8 
3757 
3767 

986 

989 

991 

99*4 

99*6 

99*9 

1002 

1004 

1007 

100-9 

441 
442 
443 
444 

445 
446 
447 
448 
449 
450 

4260 
4269 

4279 
4288 

429*8 
430-8 
4317 
4327 
4337 
434*6 

435*6 
4366 

437*5 
438-5 
439*5 
4404 
4414 

442*4 
443*3 
444-3 

1 141 
1 144 
1 147 
1 149 
1152 
115-4 
1157 
1160 
1 16  2 

ji6:5, 
1 167 
117-0 

"7*3 

\\n 

1 180 

U8-3 
118-jj 
1 188 
1191 

501 
502 
503 
504 
505 
506 
507 
508 
509 
510 

4839 
4849 
4859 
4868 
4878 
4888 
4897 
4907 
491-7 
492  6 

1297 

1299 
1302 

1304 
1307 
1310 
131  2 
131-5 

1317 
1320 

561 
562 
563 
564 
565 
566 
567 
568 
569 
570 

541-9 
542  9 
5438 
544*8 
545*8 
5467 
547*7 
5487 
549* 
5506 

5516 
552'5 
553*5 
554*4 
555*4 
556-4 
557*3 
558-3 

5593 
5602 

"561-2" 
562  2 

5631 
5641 
5651 
5660 
5670 
568-0 
5689 
5699 

145-2 
145*4 
1457 
1460 
1462 
1465 
1467 
1470 
147-2 
1475 
1478 
1480 
148*3 
1485 
148-8 
H90 
1493 
1495 
1498 
1501 

1503 
I5cr6 
1508 
151-1 
1514 
151*6 

IS*? 
1522 

1524 
1527 

857 
85*9 
86-a 

865 
867 
870 
872 
875 
877 
880 

391 
392 
393 
394 
395 
396 
397 
398 
399 
400 

377-7 
378*6 
3796 
3806 
38r5 
3825 
3834 
384*4 
3854 
386-3 

101*2 

101-5 
1017 
1020 
102-2 
102-5 

102*8 

1030 
1033 
1035 

451 
452 
453 
454 
455 
456 
457 
458 
459 
460 

511 
512 
513 
514 
515 
516 
517 
518 
519 
520 

493*6 
494*5 
495*5 
496-5 
497*4 
498-4 
4994 
500-3 

501*3 
502-3 

1323 

I3«"5 
1328 
1330 
133  3 

$3 

134*0 

134*3 
1346 

571 
572 
573 
574 
575 
576 
577 
578 
579 
580 

341 
342 
343 
844 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 

329*4 
33o-3 
331*3 
332*3 
333-2 
334*2 
335*2 
3361 
3371 
338i 

883 
885 
88-8 
89*0 

893 
896 
898 
901 
90-3 
90-6 

401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

3873 
388-3 
3892 
390*2 
391*2 
3921 
393*1 
3941 
395*o 
3960 

1038 
1041 
1043 

104-6 
104-8 
105-1 

105-3 
1056 
1059 

106-1 

461 
462 
463 
464 
465 
466 
467 
468 
469 
470 

445*3 
4462 
447  2 
4482 
449*1 
4501 

45"*i 

4520 

4530 

J54/0 

4549 
455*9 
4569 
457*8 
4588 
459*8 
4607 
4617 
4627 
4636 

"9*3 
1 196 
1 198 
120  1 
120-4 

I20'6 

1209 

I2II 

121-4 
1217 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 

5032 
5042 
505*2 
5061 
5071 
5081 
5090 
5100 
5110 
5"9 

134*8 
135-1 
135*3 
135*6 
135*9 
136-1 

1364 
1366 
1369 
1372 

581 
582 
583 
584 
585 
586 
587 
588 
589 
590 

3390 
3400 
340*9 
341*9 
3429 
3438 
344*8 
345*8 
3467 
3477 

909 
911 

91*4 
91-6 
91-9 
92- 1 
92*4 
92*7 
929 
93'2 

411 
412 
413 
414 

415 
416 
417 
418 
419 
420 

3970 
3979 
3989 
399*9 
4008 
401  -8 
4028 
4037 
4047 
4057 

1064 
1066 
1069 
1072 
107-4 
1077 
1079 

108  2 
I08'5 
IO87 

471 
472 
473 

474 
475 
476 
477 
478 
479 
480 

121*9 

122  2 
122*4 
1227 
122  9 
123*2 

123*5 
1237 
1240 
124-2 

531 
532 
533 
534 
535 
536 
537 
538 
539 
540 

5129 
513*9 
514*8 
515*8 
5168 
5177 
5187 
5197 
5206 
5216 

137*4 
1377 
137*9 
1382 

1384 
1387 
1390 
1392 
139*5 
1397 

591 
592 
593 
594 
595 
596 
597 
598 
599 
600 

5709 
571-8 
5728 
573*8 
574*7 
5757 
576-7 
577  6 
5786 
5795 

I530 
153*2 
1535 
1537 
i54*o 
154*2 
154*5 
i54§ 
1550 

155*3 

Diet 

Dep. 

D.Lat 

Diat. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

I 

Diet. 

Dep. 

D.Lat. 

75°                                                       6b  0" 

462 


TABLE  1 


TRAVERSE  TABLE  TO  DEGREES 

16° 

lh4» 

Dist 

D.Ut 

Dep. 

Dist  D.  Lit. 

Dep. 

DiatJD.Ut 

Dep. 

Dist. 

D.Ut 

Dep. 

Distfo.  Ur. 

Dep. 

1 

i*o 

0-3 

61 

58-6 

16-8 

121 

ii6*3 

33'4 

181 

174*0 

49*9 

241    231*7 

664 

2 

1*9 

o-6 

62 

59-6 

17-1 

122 

117-3 

336 

182 

174*9 

50*2 

242 

232-6 

667 

3 

**9 

o-8 

63 

6o*6 

>7*4 

123 

118-2 

339 

183 

175*9 

50*4 

243 

233*6 

67-0 

4 

3*8 

VI 

641 

615 

17-6 

124 

119*2 

34** 

184 

1769 

50-7 

244 

*34'5 

67-3 

6 

48 

»*4 

65 

625 

17*9 

126 

120*2 

34*5 

185 

177-8 

510 

245 

235-5     67"5 

6 

5'8 

n 

66 

634 

182 

126 

121*1 

34*7 

186 

1788 

5'*3 

246 

236*5 

678 

7 

*7 

«'9 

67 

64-4 

185 

127 

122*1 

35-0 

187 

179*8 

5i#5 

247 

*37*4 

68*i 

8 

7*7 

2*2 

68 

654 

18-7 

128 

123*0 

35*3 

188 

180*7 

51*8 

248 

238*4 

68-4 

9 

8'7 

*"5 

69 

663 

19*0 

129 

1240 

35-6 

189 

1817 

52*  1 

249 

*39'4 

68*6 

10 

9.6 

2-8 

70 

67-3 

>9'3 

130 

125*0 

35-8 

190 

1826 

5**4 

250 

240*3 

68-9 

II 

io*6 

3-0 

71 

68-2 

19*6 

131 

\T9 

361 

191 

1836 

52-6 

261 

*4i*3 

69-2 

12 

115 

3*3 

72 

69*2 

19*8 

132 

36*4 

192 

184-6 

5*9 

252 

242*2 

695 

13 

12*5 

36 

73 

70*2 

20' 1 

133    127-8 

36-7 

193 

185*5 

53'a 

253 

243* 

69-7 

14 

*3*5 

39 

74 

711 

20-4 

134 

1288 

369 

194 

186-5 

535 

264 

2442 

70-0 

15 

»4'4 

4"« 

75 

72-1 

20-7 

135 

129*1 

37*2 

195 

1874 

53*7 

255 

2451 
246-1 

70*3 

16 

«5*4 

4*4 

76 

73-1 

20-9 

136 

130*7 

37*5 

196 

188*4 

54-0 

256 

70*6 

17 

163 

4*7 

77 

74-0 

21*2 

137 

131-7 

37-* 

197 

1894 

54:i 

54*6 

287 

247-0 

70-8 

18 

17*3 

5*o 

78 

75"° 

21-5 

138 

132-7 

38*0 

198 

1903 

268 

248*0 

711 

19 

i**3 

5* 

79 

75*9 
76-9 

218 

139 

1336 

38-3 

190 

1913 

54*9 

259 

249-0 

71-4 

20 

19-2 

5' 5 

80 

22*1 

140 

134-6 

386 

200 

192*3 

55*1 

260 

•H9-9 

71-7 

2i 

20*2 

« 

81 

77*9 

22*3 

141 

135*5 

389 

201 

1932 

55*4 

261 

250*9 

71*9 

22 

21*1 

82 

78-8 

22-6 

142 

1365 

39"  1 

202 

1942 

55*7 

262 

251-9 

72*2 

23 

22' J 

6-3 

83 

79*8 

22*9 

143 

"37-5 

39*4 

203 

195*1 

56*0 

263 

252*8 

72-5 

24 

23'I 

6-6 

84 

80*7 

23*2 

144 

1384 

39*7 

204 

196*1 

56-2 

264 

2538 

7a-8 

25 

24-0 

6-9 

85 

%n 

*3*4 

145 

139*4 

40*0 

205 

197-1 

5^-5 

266 

*54'7 

730 

26 

25-0 

7-2 

86 

8*-7 

*3'7 

146 

1403 

40*2 

206 

1980 

56*8 

266 

*55"7 
2567 

733 
73-6 

27 

26*0 

7'4 

87 

83-6 

24-0 

147 

1413 

4o-5 

207 

1990 

57*1 

267 

28 

26*9 

7*7 

88 

84-6 

*4*3 

148 

1423 

408 

208 

199-9 

57-3 

268 

2576 

73*9 

29 

28*1 

80 

89 

85-6 

*H'5 

149 

143-2 

411 

209 

200*9 

57-6 

269 

258*6 

74*i 

30 

8*3 

90 

86-5 

24*8 

150 
151 

144-2 

4i-3 

210 

201*9 

57'9 

270 

*59'5 

74*4 

31 

29*8 

8*5 

91 

87-5 

25*  1 

145* 

41*6 

211 

202*8 

582 

271 

260*5 

74*7 

32     308 

8-8 

92 

88*4 

256 

152 

146-1 

41*9 

212 

203*8 

58-4 

272 

261*5 

75-0 

33  1  31-7 

9-1 

93 

89-4 

153 

147- 1 

422 

213 

204*7 

58-7 

273 

262*4 

75** 

84  1  3*'7 
35     336 

96 

94 
95 

90-4    25-9 

91*3     26*2 

154 
155 

1480 
1490 

42-4 
4**7 

214 
216 

205*7 

206*7 

590 
59*3 

274 
275 

263-4 
264*3 

75*5 
75*8 

38 

34* 

9*9 

96 

9**3 

26-5 

156 

150*0 

43-0 

216 

207*6 

59'5 

276 

#! 

76-1 

37 

35* 

IOa2 

97 

93-2 

*6-7 

157 

150-9 

43*3 

217 

208*6 

59-8 

277 

76-4 

38 

365 

105 

98 

942 

27-0 

158 

1519 

43*6 

218 

209-6 

6o-i 

278 

267-2 

76-6 

39 

37'5 

107 

99 

952 

27-3 

169 

152-8 

43*8 

219 

210*5 

60*4 

279 

268*2 

76-9 

40 

3«-5 

II'O 

100 

96*1 

27*6 

160 

153-8 

44*1 

220 

211-5 

60-6 

280 

269*2 

77-2 

41 

39'4 

u-3 

101 

97"i 

27*8 

161 

154-8 

44*4 

221 

212*4 

60*9 

281 

270-1 

77*5 

42 

40-4 

116 

102 

98*0 

28*1 

162 

155-7 

44*7 

222 

2134 

61-2 

282 

271*1 

77*7 

43 

4i*3 

n*9 

103 

99-0 

284 

163 

1567 

44*9 

223 

214-4 

61*5 

283 

272*0 

78-0 

44     42*3 

12*1 

104 

100*0 

28-7 

164 

157-6 

452 

224 

2153 

61-7 

284 

273*0 

78-3 

45     433 

12-4 

105 

100*9 

289 

165 

1586 

45*5 

225 

216*3 

62*0 

285 

2740 

78-6 

46 

44"  * 

12*7 

106 

101*9 

29-2 

166 

159*6 

45*8 

226 

217*3 

62*3 

286 

274*9 

78*8 

47 

45** 

130 

107 

102*9 

29-5 

167 

160*5 

46*0 

227 

218*2 

62*6 

287 

*75'9 
276-8 

79*1 

48 

46*1 

132 

108 

103-8 

29*8 

168 

I6.-J 

46-3 

228 

219*2 

62*8 

288 

79*4 

49 

47-1 

13-5 

109 

104-8 

30*0 

169 

l62*5 

46*6 

229 

220*1 

63-1 

289 

277-8 

79*7 

50 

48' 1 

13-8 

no 

105-7 

30*3 

170 

163-4 

46*9 

230 

221*1 

634 

290 

278-8 

79*9 

61 

49*° 

14-1 

HI 

106*7 

30-6 

171 

I64.4 

47*  1 

231 

222*1 

63-7 

291 

2797 

80-2 

62 

50*0 

H'3 

112 

107-7 

30-9 

172 

l65-3 

47*4 

232 

223*0 

639 

292 

280*7 

80-5 

53 

509 

14-6 

113 

1086 

3«"« 

173 

1663 

47*7 

233 

224'0 

64*2 

293 

281*6 

8o*8 

54 

5X#9 

14-9 

114 

109*6 

3^4 

174 

167-3 

48*0 

234 

2249 

«4S 

294 

282*6 

81-0 

55 

52-9 

152 

115 

110*5 

31-7 

176 

168*2 

482 

235 

22C-9 
226*9 

64-8 

296 

2836 

81-3 

56 

53*8 

15*4 

116 

1115 

32-0 

176 

169*2 

48-5 

236 

6SM 

296 

284*5 

81-6 

57 

54*8 

15-7 

117 

112-5 

32*2 

177 

170-1 

48*8 

237 

227*8 

6SJ 

297 

285-5 
286-5 

819 

58 

55-8 

16-0 

118 

1 134 

32-5 

178 

171*1 

49*  1 

238 

228*8 

6;-6 

298 

82*1 

59 

56-7 

16-3 

119 

"44 

32-8 

179 

172*  1 

49*3 

239 

2297 

& 

299 

287-4!  82*4 

60 

57*7 

i6'5 

120 

115-4 

33* 

180 

173*0 

49'6 

240 

230*7 

300 

288-4  1  82-7 

DistJ  Dep. 

1 

iD.Lat 

Hist. 

Dep.  |DX»t 

Dist.)  Dep. 

D.Ut. 

Dist 

Dep. 

D.Ut. 

Dist 

Dep. 

D.Ut. 

74° 

4h56ro 

TABLE  1 

4«S 

TRAVERSE  TARLE  TO  DEGREES 

16° 

1h4. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

301 

2893 

829 

861 

347*0 

99*5 

421 

4047 

1 160 

481 

4624 

1325 

541 

5201 

1491 

302 

2903 

832 

362 

3480 

997 

422 

4056 

U6-3 

482 

4633 

1328 

542 

5210 

1494 

303 

291*2 

!3'§ 

363 

3489 

1000 

423 

4066 

n6-6 

483 

4643 

133*1 

543 

522-0 

1497 

304 

292*2 

83-8 

364 

3499 

1003 

424 

4076 

116  8 

484 

4652 

133*4 

544 

5230 

1500 

305 

2932 

840 

365 

350*8 

1006 

425 

4085 

1171 

485 

4662 

1336 

545 

5239 

1502 

306 

2941 

843 

366 

351*8 

1008 

426 

409*5 

"7*4 

486 

4672 

133*9 

546 

524*9 

1504 

307 

2951 

846 

307 

352*8 

ioi-i 

427 

4104 

1 177 

487 

4681 

1342 

547 

5259 
5268 

1507 

308 

2960 

849 

368 

353*7 

ioi*4 

428 

4"4 

1 1 79 

488 

4691 

134*5 

548 

151-0 

309 

297*0 

55*1 

369 

3547 

1017 

429 

412-4 

1 18  2 

469 

4701 

134*8 

549 

527*8 

151*3 

310 

2980 

85*4 

870 

355*6 

101*9 

480 

4133 

n8*5 

490 

4710 

i35*o 

550 

5287 

151-6 

311 

2989 

857 

371 

3566 

I02'2 

431 

414*3 

1 18  8 

491 

472  0 

135*3 

551 

5297 

1519 

312 

2999 

860 

372 

357*6 

102-5 
102*8 

432 

4152 

1 19-0 

492 

472  9 

135*6 

552 

530-6;  1522 

313 

3009 

86-a 

373 

358*5 

438 

4162 

119*3 

493 

473*9 

1359 

553 

5316 

1525 
1528 

314 

3018 

865 
868 

374 

3595 

103*1 

434 

4172 

1 19-6 

494 

474*9 
475*8 

136-2 

554 

5326 

315 

3028 

875 

3604 

103-3 

435 

418-1 

1199 

495 

1364 

555 

533*5 

153  0 

310 

3037 

871 

376 

3614 

1036 

486 

4i9*i 

120*1 

496 

4768 

136  7 

556 

534*5 

153*2 

317 

3047 

m 

377 

3624 

1039 

437 

4200 

120*4 

497 

4777 

i37*o 

557 

5354 

1535 
1538 

318 

3057 

876 

378 

3633 

104*2 

438 

421*0 

I207 

498 

4787 

137*3 

558 

536-4 

319 

3066 

879 

379 

3643 

104*4 

489 

422*0 

I2IO 

499 

4797 

137*5 
137-8 

559 

537*4 

154-1 

320 

3076 

882 
884 

380 
881 

3653 

1047 

440 

422*9 

121*2 

500 
501 

4806 
4SF0 

560 

538*3 

154*4 

321 

3°*5 

3662 

105-0 

441 

4239 

121*5 

1381 

561 

539*3 

«547 

322 

3095 

887 

382 

3672 
3681 

1053 

442 

4249 

121*8 

502 

4826 

1383 

562 

540-3 

154-9 

828 

310-5 

890 

383 

1055 
1058 

443 

4258 

122*1 

503 

4835 

1386 

563 

5412 

1552 

324 

3i  i*4 

893 

384 

369*1 

444 

4268 

122*3 

504 

484-5 

1389 

564 

542*2 

155-4 

825 

312-4 

895 
898 

385 

37o-i 

1061 

445 

4277 

122  6 

A05 

4854 

1392 

565 

5431 

1557 

326 

3133 

886 

37io 

io6*4 

446 

4287 

122*9 

506 

4864 

1394 

566 

5441 

156-0 

327 

3H*3 

90-1 

387 

3720 

106-6 

447 

4297 

123  2 

507 

487*3 

1397 

567 

545*1 

156-3 

328 

315-3 

904 

388 

3729 

1069 

448 

4306 

123*4 

508 

4883 

140*0 

568 

546o 

1566 

329 

316-2 

90*6 

389 

373*9 

1072 

449 

431*6 

1237 

509 

4893 

1403 

569 

547*o    156*9 

330 

3172 

90*9 

390 

374-9 

1075 
1077 

450 
451 

4326 

I24-O 

510 

4902 

1406 

570 

547  9    157*1 

331 

3182 

91*2 

391 

375* 

433  5 

1243 

511 

491*2 

1408 

571 

54-3-9 

1573 

332 

319*1 

91J 
91-8 

892 

376*8 

108-0 

452 

434*5 

124-6 

512 

4921 

141*1 

572 

549-8 

157*6 

388 

320-1 

393 

377*8 

1083 

453 

4354 

1248 

513 

493*1 

141*4 

573 

5508 

157*9 

334 

321-0 

92-0 

394 

3787 

1086 

454 

4364 

125*1 

514 

494*1 

1417 

574 

5518 

158-2 

335 

322-0 

92*3 

395 

3797 

1088 

455 

437*4 

1254 

515 

4950 

1419 

575 

5S2-7 

158-4 

336 

323*0 

92-6 

896 

3806 

109- 1 

456 

438-3 

1257 

516 

4960 

1422 

576 

5537 

1587 

887 

3239 

929 

397 

%l* 

1094 

457 

439*3 

1259 

517 

4969 

1428 

577 

554*6 

i59*o 

388 

3249 

93*1 

398 

3826 

1097 

458 

4402 

126-2 

518 

497*9 

578 

5556 

159*3 

339 

325*8 

93#4 

399 

3835 

1099 

459 

4412 

126'*; 

519 

4989 

1430 

579 

556*5 

159*5 
i6o*i 

840 

326-8 
327-8 

937 

400 

384*5 

1 10  2 

460 

4422 
443*1 

J268 
1270 

520 
521 

4998 
5008 

143  3 
M36 

580 

557*5 

341 

940 

401 

3*5-4 

no? 
1 10-8 

461 

581 

558'4 

342 

3287 

94*2 

402 

386*4 

462 

4441 

127*3 

522 

5017 

1439 

582 

559*4 

1604 

343 

3297 

945 
94*8 

408 

3874 

1  no 

463 

4450 

1276 

523 

5027 

144*1 

588 

560-4 

1606 

844 

330-7 

404 

388-3 

in-3 

464 

446*0 

1279 

524 

503  7 

144*4 

584 

56i*3 

161-0 

845 

331* 

951 

405 

389*3 

in  6 

465 

447t) 

1281 

525 

5046 

144*7 

585 

562*3 

161-3 

846 

332  6 

95*3 

406 

390-2 

1119 

466 

447  9 

128*4 

526 

5056 

i45*o 

586 

563*2 

1616 

847 

3335 

956 

407 

391*2 

112  1 

467 

4489 

128*7 

527 

5066 

145*3 

587 

564*2 

1618 

848 

334*5 

95*9 

408 

3922 

1 124 

46$ 

449*8 

1290 

528 

5075 

145*6 

588 

565-2 

162*1 

349 

335*5 

96*2 

409 

393*1 

1 1 27 

469 

4508 

129*2 

529 

5085 

145*8 

589 

566-1 

1*62*4 

350 
351 

3364 

3374 

964 
967 

410 
411 

394*1 
395*1 

1130 
113*3 

470 

451*8 

129*5 

530 

509-4 

146  1 
1464 

590 

5671 

1627 

471 

4527 

1298 

531 

5104 

591 

5681 

1629 

352 

338*3 

97o 

412 

396o 

r,8 

472 

453*7 

1301 

532 

511-4 

1467 

592 

5690 

1632 

358 

339*3 

97*3 

413 

397-o 

473    4547 

1303 

533 

512*3 

1469 

593 

570*0 

1638 

354 

340-3 

97*5 
97*8 

414 

397*9 

114 1 

474    455*6 

1306 

534 

513*3 

1472 

594 

5710 

355 

341*2 

415 

398*9 

II44 

475 

4566 

1309 

535 

5'4*3 

147*5 
1478 

595 

571*9 

164-0 

356 

342-2 

98-1 

416 

399*9 

1146 

476 

457*5 

1312 

536 

515*2 

596 

5729 

1643 

357 

3431 

^"i 

417 

4008 

114*9 

477 

458-5 

131*4 

537 

5162 

1480 

597 

5739'  1646 

358 

344*1 

986 

418 

4018 

1 1 5*2 

478 

459*5 

1317 

538 

517*2 

148-2 

598 

5748    1649 

359 

345*i 

989 

419 

402-7 

115*5 

479 

460-4 

1320 

539 

518*1 

1485 
1488 

599 

575*8 

165-1 

360 

346-0 

99*2 

420 

4037 

1158 

480 

4614 

1323 

540 

519 1 

600 

576-8 

1654 

Diet. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 
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17 

1»8» 

Dist 

D.Ut 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist  D.  Lat. 

Dep. 

1 

i»o 

U 

61 

5*-3 

i7'8 

121 

115*7 

35*4 

181 

173*1 

52*9 

241 

230*5 

70*5 

2 

,-9 

62 

59*3 

18-1 

122 

116*7 

35*7 

182 

174*0 

53** 

242 

231*4 

70*8 

3 

2-9 

0*9 

63 

60*2 

18*4 

123 

117-6 

36*0 

183 

175*0 

53*5 

243 

232*4     71*0 

4 

3-8 

1*2 

64 

61*2 

187 

124 

1186 

36*3 

184 

176*0 

53*8 

244 

233*3     7i*3 

6 

4* 

i'5 

66 

62*2 

19*0 

126 

119*5 

36*5 

186 

176*9 

54*  1 

245 

*34*3  .  71*6 

6       5-7 

r8 

66 

631 

»9"3 

126 

120*5 

368 

186 

177-9 

54*4 

246 

*35*3 

71*9 

7  I    6-7 

2*0 

67 

64*1 

19*6 

127 

1215 

37' 1 

187 

178*8 

$4*7 

247 

236*2 

72*2 

8  |    7*7 

2-3 

68 

65*0 

199 

128 

122*4 

37*4 

188 

179*8 

55-0 

248 

*37*a 

72*5 

9      8*6 

2-6 

60 

66*o 

20#2 

129 

123*4 

37*7 

189 

180*7 

553 

249 

238*1 

72-8 

10  :    9*6 

2-9 

70 

66*9 

20*5 

130 

1*4*3 

38*0 

190 

181*7 

55*6 

250 

239*1 

73-1 

11 

io-5 

3*2 

71 

67-9 

20*8 

131 

1253 

38*3 

191 

182*7 

55*8 

251 

240-0!  73*4 

IS 

n-5 

3*5 

72 

68*9 

21*1 

132 

126*2 

38-6 

192    183*6 

56*1 

252 

241*0!  73*7 

13 

ii'4 

3*8 

73 

698 

21*3 

133 

127*2 

389 

193 

184*6 

56*4 

263 

241*9,  740 

14 

»3#4 

4*i 

74 

70*8 

21*6 

134 

128*1 

39*2 

194 

185*5 

56*7 

254 

2429     743 

16 

«4*3 

4*4 

76 

7i*7 

2I#9 

136 

129*1 

39*5 

195 

1865 

57*0 

255 

2439 

74*6 

16 

15*3 

4*7 

76 

7**7 

22 '2 

186 

130*1 

39* 

196 

187*4 

57*3 

266 

244*8 

74*8 

17 

16*3 

5*0 

77 

73-6 

22«5 

187 

131*0 

40-1 

197 

188*4 

57*6 

257 

245-8 

75*i 

18 

I7*a 

5*3 

78 

74-6 

22*8 

138 

132*0 

403 

198 

1893 

57'9 

268 

246*7 

75*4 

19     18*2 

5'6 

79 

75-5 

23-1 

139 

132*9 

40*6 

W9 

1903 

58*2 

269 

247*7 

75*7 

20 

i9*i 

5*8 

80 

76-5 

*3*4 

140 

133*9 

409 

200 

191*3 

58*5 

260 

248*6 

76-0 

21 

20'I 

6-i 

81 

77*5 

*3*7 

141 

134*8 

412 

201 

192*2 

588 

261 

2496 

76*3 

22 

21*0 

6.4 

82 

78-4 

14*0 

142 

135*8 

41*5 

202 

193*2 

59*' 

262 

250*6 

766 

23 

22*0 

6*7 

83 

79*4 

H*3 

143 

136*8 

41*8 

203 

194*1 

59*4 

263 

251*5 

769 

24 

23*0 

7*0 

84 

80*3 

24*6 

144 

137*7 

42*1 

204 

195*1 

59*6 

264 

252*5 

77*2 

25 

23-9 

7*3 

86 

81*3 

24*9 

146 

138*7 

4**4 

206 

196*0 

59*9 

265 

*53*4 

77*5 

26 

24-9 

r6 

86 

822 

25*1 

146 

139*6 

42*7 

206 

197*0 

60*2 

266 

*  54*4 

77*8 

27 

25-8 

7*9 

87 

83-2 

25*4 

147 

140*6 

43*0 

207 

198*0 

60*5 

267 

*55*3 

78*1 

28 

26*8 

8-2 

88 

84*2 

25*7 

148 

141*5 

43*3 

208 

198*9 

608 

268 

256*3 

78-4 

29 

27-7 

8-5 

89 

85-1 

26*0 

149 

142*5 

43*6 

209 

199*9 

6i*i 

269 

257*2 

786 

10 

287 

8*8 

90 

86-i 

26-3 

160 

H3'4 

43*9 

210 

200*8 

61*4 

270 

258*2 

789 

31 

29*6 

9*i 

91 

87*0 

266 

151 

144*4 

44' 1 

211 

201*8 

61-7 

271 

259*2 
260*1 

79a 

351 

30*6 

9*4 

92 

880 

26*9 

162 

145*4 

44*4 

212 

202*7 

62*0 

272 

79*5 

33 

316 

9-6 

93 

88-9 

27*2 

153 

1463 

44*7 

213  1  203*7 

62*3 

273 

261*1 

79*8 

34 

3*5 

9*9 

94 

89-9 

*7'5 

164 

H7'3 

45*0 

214 

204*6 

626 

274 

262*0 

8o*i 

35 

33*5 

I0'2 

96 

908 

27*8 

165 

148*2 

45*3 

215 

205*6 

62*9 

275 

263*0 

804 

36 

34*4 

10*5 

96 

9r8 

28*  1 

166 

1492 

45*6 

216 

206*6 

63-. 

276 

263*9 

80*7 

37 

35*4 

io*8 

97 

92*8 

284 

157 

150*1 

45*9 

217 

207*5 

6j-4 

277 

264*9 

810 

38 

36-3 

in 

98 

93*7 

28*7 

158 

151*1 

46*2 

218 

208*5 

*3*7 

278 

265*9 

8i*3 

39 

37*3 

n*4 

99 

94"7 

289 

159 

152*1 

46*5 

219 

209*4 

64.' 0 

279 

2668 

8i*6 

40 

38-3 

u-7 

100 

95-6 

29-2 

160 

153*0 

46*8 

220 

210*4 

64.3 

280 

267*8 

81*9 

41 

39-2 

12*0 

101 

96*6 

29*5 

161 

154*0 

47-1 

221 

2113 

64*6 

281 

268*7 

82*2 

42 

40-2 

12-3 

102 

97*5 

29*8 

162 

«54*9 

47*4 

222 

212*3 

64*9 

282 

269*7 

82*4 

43 

411 

I2'6 

103 

985 

30*1 

163 

155*9 

47*7 

223 

213*3 

65*2 

283 

270*6 

82*7 

44     421 

12*9 

104 

995 

30*4 

164 

156*8 

47*9 

224 

214*2 

*5#5 

284 

271*6 

83*0 

45  j  43-0 

13-2 

105 

ioo*4 

30*7 

166 

157*8 

48*2 

225 

215*2 

65*8 

285 

272*5 

83*3 

46  1  44*0 

*3*4 

106 

101*4 

31*0 

166 

158*7 

4«'5 

226 

216*1 

66-i 

286 

273*5 

83-6 

47  '  44#9 

13-7 

107 

102*3 

3i*3 

167 

"59*7 

48*8 

227 

217*1 

66*4 

287 

274*5 

839 

48 

45*9 

14*0 

108 

103-3 

31*6 

168 

160*7 

49*1 

228 

218*0 

66-7 

288    275*4 

84a 

49 

46*9 

H*3 

109 

104*2 

319 

169 

1616 

49*4 

229 

219*0 

67*0 

289   276*4 

84*5 

50 

47-8 

14*6 

110 

105*2 

32-2 

170 

1626 

49*7 

230 

220*0 

67*2 

290 

277*3 

84*8 

51 

488 

14-9 

HI 

106*1 

32*5 

171 

163*5 

50*0 

231 

220*9 

67*5 

291 

278*3 

85-1 

52 

49*7 

15-2 

112 

107*1 

32*7 

172 

164*5 

50*3 

232 

221*9 

67-8 

292 

279*2 

85*4 

53 

5°*7 

*S*S 

113 

108*1 

330 

173 

165*4 

50.6 

233 

222*8 

68- 1 

293 

280*2 

85-7 
860 

54 

5r6 

15-8 

114 

109*0 

33*3 

174 

166*4 

509 

234 

223*8 

68*4 

294 

281*2 

65 

52*6 

161 

115 

no*o 

33*6 

175 

167*4 

512 

235 

224*7 

68-7 

296 

282*1 

86*2 

66 

53-6 

16*4 

116 

110*9 

33*9 

176 

168*3 

51*5 

236 

225*7 

69*0 

296 

283*1 

86*5 

»7  j  54*5 

i6*7 

117 

111*9 

34'* 

177 

169*3 

51*7 

237 

226*6 

69.3 

297 

284*0 

86*8 

*«     55'5 

170 

118 

112*8 

34*5 

178 

170*2 

52*0 

238 

227*6 

69*6 

298 

285*0 

87*  1 

59  |  56*4 

17-2 

119 

113-8    34*8|I79 

171*2 

52*6 

239 

228*6 

69.9 

299 

285-9 

87*4 

00  |  574 

17*5 

120 

114-8 

351    180 

172*1 

240 

229*5 

70*2 

300 

286-9 

87*7 

Dial 

Dep. 

D.Lat 

• 

Dist 

Dep. 

D.LatJDist 

Dep. 

D.Lat 

Dist 

Dep. 

I).  Lat 

Dist 

Dep. 

D.Lat 

. 
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Dirt. 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dirt. 

D.Lat 

Dep. 

Dist. 

D.  Lit. 

Dep. 

Dist. 

D.Lat. 

Dtp. 

801 
808 
803 
804 
805 
806 
807 
808 
30* 
810 

2878 
2888 

2897 
2907 
291*6 
292*6 
2935 
294*5 
2955 
2964 

880 
883 
88-6 
889 
892 
89? 
898 
90-1 

90*3 
90-6 

361 
362 
363 
364 
365 
366 
367 
368 
369 
370 

345*3 
346-1 
347*1 
348i 
3490 
350*0 
350-9 
351-9 
352'8 
353*8 

ios-j 
1058 
1061 
lo6*4 
1067 
107-0 

1073 
1076 
1079 
108-2 

421 
422 
423 
424 
425 
426 
427 
428 
429 
430 

402-6 
403*5 
404*5 
4054 
4064 
4073 
408*3 
409*3 
410-2 

41 1*2 

123-1 
1234 
1237 
124-0 

1243 
124-6 
1248 
125-1 
1254 
1257 

481 
482 
483 
484 
485 
486 
487 
488 
439 
490 

460*0 
460-9 
4619 
4628 
4638 
4647 
465  7 
4667 
467*6 
4686 

140-6 
140*9 
141  2 

141-5 
141-8 
142-1 

1423 
142*6 
1429 
143*2 

541 
542 
543 
544 
545 
546 
547 
548 
549 
550 

517-3 
518-3 
519*2 
5202 
52 1 -a 
522-1 

5231 

5240 
5250 
5260 

1582 
1585 
1588 

I59*i 
1593 
1596 
159*9 
160-2 
1605 
1608 

811 
312 
313 
314 
315 
316 
317 
318 
319 
320 

2974 

2983 
2993 
3002 
301-2 
302-2 
3031 
3041 
3050 
3060 

909 
91-2 

915 

91-8 
92*1 
924 
927 
93*0 
93*3 
93*6 

371 
372 
373 
374 
375 
376 
377 
378 
379 
380 

354** 
3557 
3567 
357*6 
358*6 

3595 
3605 

3614 
3624 

3634 
3643 
3653 
3662 
3672 
3681 
3691 
370-1 
3710 
3720 
3729 

108-5 

1088 
1091 
1094 
1096 
1099 

IIO'2 

uo-5 
riio-8 
111*1 

431 
432 
433 
434 
435 
436 
437 
438 
439 
440 

4'2  I 

4131 
4I4-0 
415O 
4160 
4I6-9 
417*9 
4188 
4198 
4207 

1260 
1263 
1266 
1269 
1272 
127-5 
1278 
128  1 
1284 
1286 

491 
492 
493 
494 
495 
496 
497 
498 
499 
500 

4695 
470-5 
471*4 
472*4 
4734 
4743 
475*3 
476*2 
477*2 
478-1 

143*5 
143*8 
144*1 
144*4 
1447 
145*0 

145*3 
1456 
145*9 
J462 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 

5269 

5279 
5288 
5298 
530-8 
5317 
5327 
5336 
534*6 
5355 

1611 
1614 
1617 
162-0 
1623 
1626 
162*9 
1632 

!?3JL 
164- 1 

1644 
1646 
1648 
165-1 
1654 
1657 
1660 
1664 
1667 

321 
322 
323 
324 
325 
326 
827 
328 
329 
330 

3069 
307'9 
3088 
3098 
3108 
3"  7 
3127 
3136 
3H-6 
3155 

939 
941 
94*4 
947 
950 

95-3 
95-6 

959 
962 

96-5 

881 
382 
383 
384 
885 
386 
387 
888 
389 
390 

111-4 
1117 
1 120 
1 123 
1 126 
1 12-9 

1 132 

"3*4 
"37 
1 140 

441 
442 
443 
444 
445 
446 
447 
448 
449 
450 

4217 
4227 
423*6 
4246 

425-5 
4265 

427-4 
4284 

429*3 
4303 

128-9 
129*2 

1295 
129-8 
130-1 

1304 
1307 

131*0 
I3i*3 
131*6 

501 
503 
503 
504 
505 
506 
507 
508 
509 
510 

4791 
4801 
481-0 
482*0 
482*9 

483-9 
484*8 
4858 
486-7 
4877 

1465 
1468 

1471 
147'4 
1477 
1480 

I48-3 
148-6 
148-9 
1491 

561 
568 
563 
564 
565 
566 
567 
568 
569 
570 

536*5 
537*5 
538-4 
539*4 
540-3 
541*3 
5422 
543*2 
544*1 
545*1 

331 
332 
333 
334 
335 
336 
337 
333 
339 
340 

3I6-5 

317-5 
318-4 

319-4 
3203 

321*3 
322-2 
3232 
3242 
3251 

968 
971 
97*4 
977 
97*9 
98*2 

985 
98-8 
991 
994 

891 
892 
893 

394 
395 
396 
397 
898 
399 
400 

373*9 
374*8 
3758 
3767 
377*7 
378-7 
379*6 
3806 

38r5 
3825 
3834 
3844 
385-4 
386-3 
3873 
388-2 

3892 
3901 

391  1 
392-o 

"4'3 
1 146 
114-9 
1 15-2 

33 

116  1 
n6*4 
1 167 
117-0 

451 
452 
453 
454 
455 
456 
457 
458 
459 
460 

431*3 

432*2 

433*2 
434*1 
4351 
4360 
437*0 
438-0 
438*9 
439*9 

■31*9 
1322 

'324 

1327 

1330 
1333 
133*6 
133*9 
1342 
134*5 
134-8 
i35*i 
135*4 
1357 
1360 
1362 
136-5 
1368 
137*1 
137*4 

1377 
138*0 

138*3 
138-6 
I38-9 
139*2 
139*5 
139*8 
140*0 
140*3 

511 
512 
513 
514 
515 
516 
517 
518 
519 
520 

4887 
4896 
490-6 

491*5 
492*5 
493*4 
494*4 
495*3 
4963 
497*2 

149*4 
149-7 
150-0 
150-2 
1505 
1508 
151-1 
151*4 
1517 
152*0 

571 
572 
573 

-574 
575 
576 
577 
578 
579 
580 

546i 
5470 
5480 
5489 

549*9 
5508 
551*8 
5527 
5537 
554*6 

1670 
167-2 

1675 
1678 
1681 
168-4 
1687 
169-0 

1693 
1696 

341 
342 
343 
344 
345 
346 
847 
843 
349 
850 
351 
352 
353 
854 
355 
856 
357 
358 
859 
360 

326-1 
327-0 
3280 
3289 

3299 
330-8 
3318 
332-8 
3337 
3347 
3356 
3366 
337'5 
3385 
339*5 
340-4 
341-4 
3423 
3433 
3442 

997 
1000 
1003 
ioo-6 
100-9 

IOI-2 

101-5 
ioi-8 
1020 
102-3 

401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

1 1 72 

IIS 

118  1 

n8*4 
1187 
1 190 

1 19*3 

1 19  6 
H99 

461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 

440*8 
4418 
4427 
4437 
4446 
445*6 
4466 

447*5 
448*5 
_4494 
4504 
451-3 
452*3 
453#3 
454*2 
455*2 
4561 
457*1 
458o 
459*0 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 

498-2 
499*2 
5001 
5011 
5020 
503-0 
5039 
504*9 
505  9 
5068 

5078 
508-7 

5097 
5106 
511-6 

5126 

513-5 
514*5 
515*4 
5164 

152-3 
152-0 

152*9 
1532 
153*5 
153-8 
1541 
1544 
1547 
i55o 

155  3 
155*6 
155*9 
156*2 

1 56-8 
1571 
1573 
1576 

157*9 

581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
5*5 
596 
597 
598 
599 
600 

5556 
5565 
557*5 
558*4 
5594 
5604 

5613 
5623 
5632 
5642 
5651 
5661 

5671 
5680 
569*0 
5699 
5709 
5718 
5728 
573*8 

i69*9 
1702 

1705 
1708 

171-1 

171*3 
171-6 

1719 
172*2 
1725 

1728 
1731 
173*4 
1737 
1740 
1743 
174*6 
174*9 
1752 
1754 

102*6 
102*9 
1032 

1035 
103-8 

104-1 

1044 
1047 
1050 
1053 

411 
418 

413 
414 
415 
416 
417 
418 
419 
420 

393*0 
394*0 
394*9 
395*9 
396*8 
3978 
3987 
3997 
4007 
401-6 

1202 
120-5 
1208 
121  0 
12x3 

121  6 

121*9 

I22'2 

122  5 
122*8 

Dist 

.  Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

Dirt. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

78°                                                  4h  52* 

HE 


46« 


TABLE   1 


TRAVERSE  TABLE  TO  DEGREES 

18°                                                     1»  12* 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

1 

i#o 

0*3 

61 

58*0 

18-9 

121 

115-1 

37*4 

181 

172*1 

559 

241 

219-2     74-5 

2 

»'9 

o-6 

62 

59*0 

19*2 

122 

116*0 

37*7 

182 

173*1 

56*2 

242 

230-2 

74*8 

3 

*"9 

0*9 

63 

59*9 

19*5 

123 

117-0 

38*0 

183 

174*0 

56-6 

243 

231*1 

75'i 

4 

3-8 

1*2 

64 

6o*9 

19-8 

124 

117*9 

38-3 

184 

175-0 

56*9 

244 

232-1 

75-4 

6 

4*8 

«"5 

65 

618 

20*I 

125 

118-9 

38*6 

185 

175-9 

57-a 

245 

233-0 

75'7 

6 

5*7 

1-9 

66 

62-8 

20-4 

126 

119-8 

38*9 

186 

176-9 

57*5 

246 

234-0 

76*0 

7 

6-7 

2*2 

67 

63-7 

20-7 

127 

1208 

392 

187 

177*8 

57-8 

247 

234-9 

76*3 

8 

7*6 

2*5 

68 

647 

21*0 

128 

121*7 

39-6 

188 

1788 

58-i 

248 

235-9 

76-6 

9 

8-6 

28 

69 

65*6 

21*3 

129 

122*7 

39*9 

189 

179*7 

58-4 

249 

236-8 

76*9 

10 

9*5 

3*« 

70 

66*6 

21-6 

130 

123*6 

40*2 

190 

180*7 

58-7 

250 

237*8 

77'3 

11 

io#5 

3*4 

71 

67-5 

21*9 

131 

124-6 

4o*5 

191 

1817 

59-0 

251 

238*7 

77-6 

12 

1 1-4 

3*7 

72 

68-5 

22*2 

132 

125-5 

40*8 

192 

182*6 

59| 
59*6 

252 

*39*7 

77*9 

13 

ii-4 

4-0 

73 

694 

22*6 

133 

126*5 

411 

193 

1836 

253 

240-6 

782 

14 

"3*3 

4'! 

74 

70-4 

22*9 

134 

127*4 

41-4 

194 

1845 

59*9 
6o-3 

254 

241*6 

78*5 

1ft 

14*3 

46 

75 

71*3 

23*2 

135 

128*4 

4i'7 

195 

185-5 

255 

242- 5 

78*8 

16 

I5«2 

4'9 

76 

72-3 

*3'5 

136 

1293 

42*0 

196 

1864 

60-6 

256 

H3*5     79*1 

17 

l6'2 

5'3 

77 

73'* 

23*8 

137 

1303 

4*"3 

197 

187-4 

60-9 

257 

2444 

79*4 

18 

IT  i 

5'6 

78 

74*a 

24-1 

138 

131*1 

4V6 

198 

188-3 

6l*2 

258 

245-4 

79*7 

19 

181 

5*9 

79 

75'i 

24-4 

139 

13a** 

430 

199 

1893 

61*5 

259 

2463 

8o*o 

20 

19*0 

6*2 

80 

70*1 

24-7 

140 

133-1 

43*3 

200 

190*2 

6i*8 

260 

247*3 

80*3 

21 

20*0 

6'5 

81 

77-0 

25-0 

141 

134-1 

43-6 

201 

191*2 

62*1 

261 

248-2 

807 

22 

20*9 

6-8 

82 

78-0 

25*3 

142 

1351 

439 

202 

192*1 

62*4 

262 

249*2 

8i-o 

23 

21*9 

7*x 

83 

789 

25*6 

143 

136*0 

44* 

203 

193-1 

627 

263 

250*1 

8i-3 

24 

22-8 

7'4 

84 

79*9 

26-0 

144 

i37*o 

44*5 

204 

1940 

63*0 

264 

251*1 

8i*6 

2ft 

238 

7'7 

85 

8o*8 

26*3 

145 

137-9 

44-8 

205 

1950 

«3'3 

265 

252*0 

81-0 

26 

*4*7 

8*o 

86 

8i*8 

26#6 

146 

138*9 

45%i 

206 

195-9 
1969 

«3-7 

266 

253*0 

82*2 

27 

*5"7 

8-3 

87 

827 

26*9 

147 

1398 

45*4 

207 

64*0 

*67 

253*9 

82*5 

28 

26*6 

8-7 

88 

83-7 

27-2 

148 

140*8 

46-0 

208 

197-8 

643 

268 

*54'9 

828 

29 

27*6 

9-0 

89 

846 

*7*5 

149 

141-7 

209 

198*8 

646 

269 

255-8 

831 

30 

285 

9'3 

90 

85-6 

27-8 

150 

142*7 

4*5*4 

210 

199*7 

649 

270 

2568 

83-4 

31 

29-5 

96 

91 

86-5 

28*1 

lftl 

1436 

4-5*7 

211 

2007 

65*2 

271 

257-7 

83'7 

32 

30-4 

99 

92 

87-5 

28-4 

lft2 

1446 

47*0 

212 

201-6 

65*5 

272 

258-7 

84-1 

33 

314 

IO*2 

93 

88-4 

28*7 

153 

145*5 

47*3 

213 

202*6 

65*8 

273 

259*6 

84-4 

34 

32-3 

io-s 

94 

894 

29-0 

154 

1465 

47*6 

214 

2035 

66*1 

274 

260-6 

84*7 

3ft 

33'3 

io*8 

95 

904 

29*4 

165 

H7*4 

4Z'9 

21ft 

204-5 

664 

276 

261-5 

85-0 

36 

34-2 

in 

96 

913 

29*7 

156 

1484 

48*2 

216 

205-4 

66*7 

276 

262*5 

85-3 

37 

35-2 

1 1-4 

97 

92-3 

30*0 

167 

H9' 3 

48-5 

217 

206-4 

67*1 

277 

263*4 

856 

38 

361 

117 

98 

93-2 

3o-3 

158 

150-3 

48*8 

218 

207-3 

67-4 

278 

264*4 

85-9 

39 

37'i 

12*1 

99 

94-2 

30*6 

159 

151*2 

49-1 

219 

208*3 

677 

279 

265*3 

86*2 

40 

38*0 

12-4 

100 

95*i 

30*9 

160 

152-2 

49'4 

220 

209*2 

68*o 

280 

266-3 

865 

41 

39-0 

12*7 

101 

96*1 

31-2 

161 

153-1 

49-8 

221 

210*2 

68*3 

281 

267-2 

86*8 

42 

39*9 

13*0 

102 

97-0 

31-5 

162 

154*1 

50*1 

222 

211*1 

68*6 

282 

268*2 

871 

43 

409 

'3*3 

103 

98*0 

31-8 

163 

155*0 

50-4 

223 

212*1 

689 

283 

269*1 

87-5 

44 

418 

13*6 

104 

98-9 

32*1 

164 

156*0 

50-7 

224 

213*0 

69  2 

284 

270*1     87*8 

4ft 

428 

139 

105 

99*9 

3*'4 

165 

156-9 

51*0 

225 

214*0 

69*5 

285 

271*1 

88- 1 

46 

437 

142 

106 

ioo*8 

32*8 

166 

157-9 

51*3 

226 

2149 

698 

286 

272-0 

88-4 

47 

44' 7 

H*5 

107 

ioi*8 

33*i 

167 

158*8 

516 

227 

215-9 

70*1 

287 

273-0 

88*7 

48 

4n 

14*8 

108 

1027 

33*4 

168 

159*8 

51*9 

228 

216-8 

70-5 

288 

273-9 

89*0 

49 

46*6 

15-1 

109 

103-7 

33*7 

169 

160*7 

52-2 

229 

217*8 

70*8 

289 

274-9 

89-3 

ftO 

47-6 

I5'5 

110 

104*6 

34'o 

170 

161-7 

5*"5 

230 

1187 

71*1 

290 

275-8 

89*6 

ft) 

48-5 

i|-8 

111 

105-6 

34'3 

171 

162-6 

52-8 

231 

219-7 

71*4 

291 

276-8 

89-9 

52 

49*5 

161 

112 

106-5 

34*6 

172 

163*6 

53** 

232 

220-6 

7i'7 

292 

2777 

90*2 

38 

50-4 

i6#4 

113 

107-5 

34'9 

173 

164*5 

53*5 

233 

221*6 

72-0 

293 

278-7 

90*5 

54 

51*4 

167 

114 

1 08 '4 

35*2 

174 

165.5 

53*8 

234 

222*5 

7**3 

294 

279-6 

90-9 

55 

52-3 

17-0 

116 

109-4 

35*5 

175 

166*4 

54-i 

23ft 

223*5 

72-6 

295 

280-6 

91-2 

56 

53*3 

17*3 

116 

110-3 

35-8 

176 

167-4 

544 

236 

224-4 

7**9 

296 

281-5 

91*5 

57 

54'* 

17-6 

117 

111-3 

36*2 

177 

168-3 

54*7 

237 

2254 

73*2 

297 

282-5 

91-8 

58 

55** 

17-9 

118 

112*2 

36*5 

178 

169-3 

55*0 

238 

226*4 

73*5 

298 

283-4 

92- 1 

59 

56-1 

18-2 

119 

II3-2 

368 

179 

170*2 

55*3 

239 

227*3 

73*9 

299 

284-4 

92-4 

60 

57*i 

18-5 

120 

1 14- 1 

37-1 

180 

171-2 

55* 

240 

2283 

74'* 

300 

285-1 

92*7 

Diat)  Dep. 

.  i-        J 

D.Lat 

-    ■ 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Ul. 

72°                                                  4h  48* 

TABLE   1 

467 

TRAVERSE  TABLE  TO  DEGREES 

18°                                                       P>  12" 

Oitt. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist  |D.  Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

301 

2863 

93*o 

361 

343*3 

in  6 

421 

4004 

1 30- 1 

481 

457*5 

i486 

541 

514*5 

1672 

302 

287*2 

933 

362 

344  3 

1 1 1-9 

422 

4014 

1304 

482 

458-5 

1489 

542 

515*5 

1675 

303 

2882 

937 

363 

345*2 

112  2 

423 

4023 

1307 

483 

459*4 

149*3 
1490 

543 

516-4 

1679 

304 

289-1 

940 

364 

3462 

1 125 
1 128 

424 

403*3 

131  0 

484 

460-4 

544 

517*4 

1682 

305 

290- 1 

94*3 

865 

347*1 

425 

4042 

131*3 

485 

4613 

149*9 

545 

518*3 

168-5 

306 

291-0 

946 

366 

348i 

1131 

426 

4052 

1317 

486 

4623 

1502 

546 

5193 

1688 

307 

292-0 

94*9 

367 

3490 

113-4 

427 

406' I 

1320 

487 

4632 

150^5 

547 

520-2 

169-1 

308 

292-9 

95*2 

368 

3500 

1137 

428 

407- 1 

1323 

488 

4642 

150-8 

548 

521-2 

1694 

309 

2939 

95*5 
96-1 

369 

350-9 

1140 

429 

4080 

1326 

489 

4651 

151-1 

549 

5221 

169*7 

310 

2948 

370 

35 1  9 

114*3 
1 147 

430 
431 

4090 
4099 

1329 
1332 

490 

466- 1 

151-4 

550 

5231 

170*0 

311 

295*8 

371 

352  9 

491 

4670 

1517 

551 

5240 

i7o*3 

312 

2967 

964 

372 

353*8 

1150 

432 

4109 

133*5 

492 

4680 

1520 

552 

5250 

1706 

313 

2977 

967 

873 

3548 

»5'3 

433 

4118 

133*8 

493 

4689 

152*3 

553 

5259 

1709 

314 

2986 

970 

374 

3557 

1156 

434 

4128 

134' 1 

494 

4698 

1526 

554 

5269 

171-2 

315 

2996 

97*4 

375 

3567 

1 1 5-9 

435 

4137 

134*4 

495 

47o8 

153*0 

555 

5278 

1715 

171-8 

316 

3005 

977 

376 

357*6 

Il6'2 

436 

4147 

1347 

496 

4717 

153*3 

556 

5288 

317 

3015 

980 

377 

3586 

u6-5 

437 

415*6 

1351 

497 

4727 

153*6 

557 

5297 

172-1 

318 

302-4 

98*3 

378 

359*5 

1 1 6-8 

438 

4166 

135-4 

498 

4736 

1539 

558 

5307 

1724 

319 

303*4 

986 

379 

3605 

117-1 

439 

4175 

1357 

499 

4746 

1542 

559 

531*6 

1727 

320 

304*3 

989 
99*2 

380 
381 

3614 
3624 

117-4 
1 1 77 

440 
441 

4185 
4194 

1360 
1363 

500 
501 

4755 
476-5 

154*5 

560 

532*6 

1730 

173*3 

321 

305*3 

154-8 

561 

5335 

322 

3062 

995 

382 

3633 

ii8-i 

442 

4204 

1366 

502 

477*4 

1551 

562 

534*5 

1736 

323 

3072 

99*8 

383 

3643 

118-4 

443 

421-3 

1369 

503 

4784 

155*4 

563 

535*4 

1739 

324 

3082 

100  1 

384 

3652 

1187 

444 

422  3 

137*2 

504 

479*3 

1557 

564 

536*4 

1742 

325 

3091 

100-4 

385 

3662 

1 190 

445 

4232 

137*5 

505 

4803 

156*1 

565 

537*3 

174-6 

326 

3101 

100-7 

386 

3671 

119-3 

446 

4242 

137-8 

506 

4812 

1564 

566 

538*3 

174  9 

327 

311-0 

101-1 

387 

3681 

1 19  6 

447 

4251 

1381 

507 

4822 

1567 

567 

5392 

175"2 

328 

312-0 

101-4 

388 

3690 

119*9 

448 

4261 

1384 

508 

4832 

i57*o 

568 

5402 

175*5 

329 

3129 

1017 

389 

3700 

I20'2 

449 

4270 

1388 

509 

4841 

157*3 

569 

541-1 

1758 

330 

3'3*9 

102 -o 

390 
391 

3709 
3719 

I20  5 

120-8 

450 

4280 

139*1 
1394 

510 
511 

4851 
4860 

157  6 

570 

5421 

176-1 

1764 

331 

3H-8 

1023 

451 

4289 

1579 

571 

543*o 

332 

315-8 

1026 

392 

3728 

121  1 

452 

4299 

1397 

512 

487*0 

1582 

572 

5440 

1767 

333 

3167 

1029 

393 

373*8 

121  5 

453 

430-8 

1400 

513 

4879 

158-5 
1588 

573 

544*9 

i77*o 

334 

3177 

1032 

394 

374*7 

121*8 

454 

431*8 

1403 

514 

488-9 

574 

545*9 

177*3 

835 

3186 

103-5 
103-8 

395 

3757 

I22'I 

455 

4327 

1406 

515 

489-8 

159-1 

575 

5468 

177*6 

336 

3196 

396 

3766 

1 22*4 

456 

4337 

1409 

516 

4908 

159*4 

576 

547*8 

1780 

337 

320-5 

1041 

397 

3776 

122  7 

457 

434*6 

141-2 

517 

4917 

1597 

577 

5487 

178-3 

338 

3215 

1045 

398 

378-5 

1230 

458 

435*6 

1415 

518 

492*7 

1600 

578 

549  7 

1786 

339 

322-4 

1048 

399 

379*5 

1233 

459 

436*5 

141-8 

519 

493*6 

160-3 

579 

550-6 

1789 

340 

323*4 

105^ 
105-4 

400 
401 

380*4 
38i*4 

I236 
123  9 

460 

4375 

142*2 

520 

521 

494*6 
495*5 

1607 

580 

551-6 

1792 

341 

324*3 

461 

438*4 

1425 

1610 

581 

552*5 

179*5 

342 

325*3 

1057 

402 

3823 

124*2 

462 

439*4 

142-8 

522 

496'5 

1613 

582 

5535 

179-8 

343 

3262 

1060 

403 

383*3 

124-5 

463 

440-3 

143*1 

523 

4974 

1616 

583 

554*4 

1801 

344 

327-2 

1063 

404 

3842 

1249 

464 

441*3 

143*4 

524 

498-4 

1619 

584 

5554 

180-4 

345 

3281 

1066 

405 

3852 

125  2 

465 

442-2 

143  7 

525 

499*3 

162  2 

585 

556-3 

1807 

346 

3291 

1069 

406 

3861 

1255 

466 

4432 

144-0 

526 

5oo-3 

1625 

586 

557*3 

1811 

347 

3300 

107-2 

407 

&Z1 

I258 

467 

4442 

144*3 

527 

5012 

1629 

587 

558-2 

181-4 

348 

3310 

107-5 

408 

388-0 

1 20*  I 

468 

445*1 

144  6 

528 

5022 

1632 

588 

559  2 

1817 

349 

3319 

1079 

409 

3890 

I264 

469 

4461 

144*9 

529 

5031 

1635 

589 

5601 

1820 

350 

332*9 

108 -2 

410 

3899 

I26-7 

470 

4470 

1452 

530 

5041 

_i638 

590 

_5?£1 

182^ 

351 

333  3 

1085 

411 

3909 

I27-0 

471 

4480 

1456 

531 

5050 

1 64- 1 

591 

5620 

1827 

352 

3348 

1088 

412 

391-8 

1273 

472 

448-9 

H5  9 

532 

5060 

1644 

592 

5630 

1830 

353 

3357 

109-1 

413 

3928 

I276 

473 

449*9 

1462 

533 

5069 

1647 

593 

5639 

i83*3 

354 

3367 

1094 

414 

3937 

1279 

474 

4508 

146"5 

534 

507*9 

1650 

594 

5649 

1836 

355 

337*6 

1097 

415 

3947 

1283 

475 

4518 

1468 

535 

5088 

1653 

595 

565*8 

1839 

356 

3386 

1100 

416 

3956 

1286 

476 

4527 

1471 

536 

5098 

1656 

596 

5668 

1842 

357 

339'5 

1 103 

417 

3966 

128-9 

477 

453-7 

147*4 

537 

5107 

1659 

597 

567  7 

1845 
1 848 

358 

340*5 

1 106 

418 

397*5 

1292 

478 

454*6 

1477 

538 

5117 

166-2 

598 

5687 

359 

341*4 

1 10  9 

419 

398*5 

1295 

479 

4556 

1480 

539 

5126 

1665 

599 

5696 

185-1 

360 

342*4 

1113 

420 

399*5 

1298 

480 

4565 

1483 

540 

513-6 

1669 

600 

570  6 

185*4 

Dist. 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.  Lat. 

72°                                                4h  48m 

468 


TABLE  1 


TRAVEE8E  TABLE  TO  DEGREES 

13°                                                 lk  16» 

DistiD.Ut 

Dep. 

Ditt 

D.Ut 

Dtp. 

Dirt. 

D.Ut. 

Dep. 

Dist 

D.Ut. 

Dep. 

Diat 

D.Ut. 

Dep. 

1 

09 

0-3 

61 

577 

199 

121 

1 144 

39*4 

181 

171-1 

589 

241 

227-9 

78-5 

2 

1-9 

0-7 

62 

58*6 

20*2 

122 

1 1 54 

39*7 

182 

172-1 

59'1 

596 

242 

228*8 

78-8 

8 

2*8 

1*0 

63 

59-6 

20*5 

123 

1 163 

40*0 

183 

173*0 

243 

229-8 

79*  1 

4 

3'8 

i*3 

64 

60*5 

20*8 

124 

I17'2 

40-4 

184 

174*0 

59*9 

244 

230-7 

79*4 

5 

47 

r6 

65 

6i-5 

21*2 

126 

118*2 

40*7 

186 

174*9 

6o*2 

245 

231*7 

79*8 

6 

n 

2*0 

66 

62-4 

21*5 

126 

1 19- 1 

41-0 

186 

175*9 

60-6 

246 

232*6 

8o-i 

7 

**3 

67 

633 

21*8 

127 

120*1 

4-*3 

W 

1768 

609 

247 

*33*5 

80-4 

8 

7-6 

26 

68 

64-3 

22*1 

128 

121*0 

4i*7 

188 

177*8 

612 

248 

*34#5 

80*7 

9 

8*5 

2'9 

69 

65*2 

22*5 

129 

122*0 

42-0 

189 

178-7 

61.5 

249 

*35*4 

fi*i 

10 

95 

33 

79 

66*2 

22-8 

130 

122*9 

4**3 

190 

1796 

61*9 

250 

2364 

8i-4 

11 

10*4 

3-6 

71 

67*1 

23*1 

131 

123-9 
124-8 

426 

191 

1806 

622 

251 

*37*3 

817 

12 

11*3 

3*9 

72 

68*  1 

*3*4 

132 

43-0 

192 

1815 

f*'i 

252 

238-3 

82*0 

13 

12*3 

4'* 

73 

69*0 

23-8 

133 

125-8 

43*3 

193 

182-5 

62*8 

253 

2392 

824 

14 

132 

4-6 

74 

70*0 

24' I 

134 

126*7 

43*6 

194 

183-4 

632 

254 

240*2 

827 

1ft 

14*1 

4*9 

76 

70-9 

24*4 

136 

127*6 

44*o 

196 

184*4 

635 

256 

241*1 

83*0 

16 

\l\ 

5* 

7« 

71-9 

24*7 

136 

1286 

44*3 

196 

'!P 

638 

266 

242*1 

83*3 

17 

5*5 

77 

7i-8 

251 

137 

129*5 

44*6 

197 

1863 

64*1 

257 

243-0 

837 

18 

17-0 

5*9 

78 

73-8 

*5'4 

138 

1305 

44*9 

198 

187*2 

$4'2 

258 

*43*9 

84*0 

19 

i8*o 

6*2 

79 

74*7 

20*O 

139 

1314 

45*3 

199 

188-2 

648 

259 

244-9 

!41 

20 
21 

18-9 

6-5 

80 

75-6 

140 

1324 

45*6 

200 

189*  1 

651 

260 

245*8 

846 

199 

6-8 

81 

76*6 

*6-4 

141 

133*3 

45*9 

201 

190*0 

f5-4 

261 

246*8 

85-0 

22 

20*8 

7-2 

82 

77*5 

26*7 

142 

134-3 

462 

202 

191*0 

*r* 

262 

*477 

85*3 

23 

21-7 

7*5 

83 

78*5 

27-0 

143 

1352 

46-6 

203 

191*9 

66*  1 

263 

248*7 

856 
86-o 

24 

22*7 

7*8 

84 

79"4 

27"3 

144 

136*2 

4-5*9 

204 

192*9 

193*8 

ff'4 

264 

2496 

26 

23*6 

81 

86 

80*4 

27*7 

145 

1371 

47#* 

206 

66-7 

265 

250*6 

86-3 
86-6 

26 

24*6       85 

86 

81*3 

28-0 

146 

138*0 

47*5 

206 

194*8 

67*1 

266 

2515 

27 

25-5 

8-8 

87 

82-3 

28*3 
28*6 

147 

1390 

47*9 

207 

195*7 

67*4 

267 

252-5 

86*9 

28 

26-5 

9-1 

88 

83-2 

148 

139.9 

48-2 

208 

196-7 

67*7 

268 

*53*4 

In 

29 

27-4 

9*4 

89 

84-2 

29*0 

149 

1409 

48*5 

209 

197-6 

68-0 

269 

*54*3 

876 

30 

284 

98 

90 

851 

29*3 

160 

141-8 

48-8 

210 

1986 

68*4 

270 

*55*3 

879 

31 

293 

lO'I 

91 

86*o 

29*6 

151 

1428 

49*1 

211 

199*5 

68*7 

271 

256-2 

88-2 

32 

30-3 

10*4 

92 

87*0 

30*0 

162 

143*7 

49*5 

212 

200*4 

69*0 

272 

257*2 

88*6 

33 

31-2 

10*7 

93 

87-9 

30-3 

153 

•447 

49-8 

213 

201*4 

693 

273 

258-1 

889 

34 

32-1 

11*1 

94 

88-9 

30-6 

164 

145*6 

50-1 

214 

202*3 

69*7 

274 

2591 

89-2 

36 

33*» 

114 

95 

89-8 

30*9 

166 

1466 

50-5 

215 

203*3 

70*0 

276 

260*0 

89-5 

36 

34-0 

ii-7 

96 

90*8 

3i*3 

156 

H7*5 

50-8 

216 

204'2 

70*3 

276 

261*0 

89-9 

37 

35'° 

12*0 

97 

91*7 

3r6 

157 

148-4 

51*1 

217 

205*2 

70*6 

277 

2619 

902 

38 

35*9 

I2'4 

98 

92-7 

31*9 

158 

149*4 

5*-4 

218 

206*1 

71*0 

278 

262*9 

90*5 

39     369 

I2'7 

99 

93-6 

32*2 

159 

150*3 

51-8 

219 

207*1 

71*3 

279 

2638 

90*8 

40 

37-8 

13-0 

100 

94-6 

32-6 

160 

151*3 

52*1 

220 

208*0 

71-6 

280 

264*7 

91*2 

41 

38-8 

133 

101 

95*5 

32*9 

161 

1522 

52-4 

221 

209*0 

72-0 

281 

265*7 

9,'l 

42 

39*7 

13-7 

102 

9^4 

33-2 

162 

1532 

5*7 

222 

209.9 

72*3 

282 

266*6 

91-8 

43 

407 

140 

103 

97*4 

33*5 

163 

154*1 

53*i 

223 

2IO*9 

72-6 

283 

267*6 

9**i 

44 

41*6 

143 

104 

98-3 

33*9 

164 

1551 

53*4 

224 

211*8 

7**9 

284 

268-5 

92-5 

46 

4*#5 

14-7 

106 

99*3 

34** 

165 

156*0 

53*7 

225 

212*7 

73*3 

285 

269-5 

92-8 

46 

435 

15-0 

106 

100*2 

34*5 

166 

157*0.  54*0 

226 

213*7 

73*6 

286 

270*4 

93*1 

47 

44'4 

15*3 

107 

ion 

348 

167 

157*9     54*4 

227 

214*6 

73*9 

287 

2714 

93*4 

48 

45*4 

156 

108 

102*1 

35* 

168 

158-8 

547 

228 

215*6 

74-2 

288 

272*3 

93*8 

49 

46-3 

1 6«o 

109 

103-1 

35*5 

169 

as 

55*o 

229 

216-5 

74*« 

289 

273*3 

94*i 

60 

47'3 

163 

no 

104*0 

35-8 

170 

55*3 

290 

217-5 

74*9 

290 

274-2 

94"4 

61 

48** 

166 

111 

105*0 

36*1 

171 

161*7 

56*0 

231 

218*4 

75** 

291 

275-1 
276*1 

94*7 

62 

49*2 

16-9 

112 

105-9 
106*8 

36-5 

172 

162*6 

282 

2194 

75*5 

292 

95#I 

63 

50*1 

1 7*6 

113 

36*8 

173 

1636 

£l 

233 

220*3 

75'9 

293 

277-0 

95*4 

64 

51M 

114 

107*8 

37-1 

174 

1645 

234 

221*3 

76*2 

294 

278*0 

95*7 

65 

5»*o 

179 

115 

1087 

37*4 

176 

165.5 

57-0 

236 

222*2 

76*5 

296 

278-9 

96-0 

66 

WO 

,8-x 

116 

109*7 

37-8 

17« 

166*4 

57*3 

236 

223*1 

76-8 

296 

279*9 

964 

67  ,  SVQ    18-6 

U7 

no*6 

38-1 

177 

167-4 

57*6 

237 

224*1 

77** 

297 

280*8 

96*7 

68 

54*8 

189 

118 

1 1 1*6 

38*4 

178 

168-3 

58*0 

238 

225*0 

77-5 

298 

281-8 

97-0 

69 

5*7 

19*2 

119 

112*5 

387 

179 

169*2 

5«*3 

239 

226*0 

77-8 

299 

•82-7 

97*3 

60 

19-5 

120 

113-5 

391 

180 

170*2 

58-6 

240 

226*9 

78-1 

300 

283*7 

97*7 

DittJDep.  D.Ut 

Diat 

Dep. 

D.Lat 

Diat 

Dep. 

D.Ut 

Diat 

Dep. 

D.Ut 

Dial 

Dep. 

D.Ut 
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TABLE 
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TRAVERSE  TABLE  TO  DEGREES 

19°                                                         1*  16» 

DistD.  Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat!  Dep. 

Dist. 

D.Lat 

Dep. 

801 
302 
803 
804 
805 
304 
307 
308 
809 
810 

2846 

2!l'5 
2865 

2874 
2884 
289.3 
290-3 
2912 
2922 
2931 

980 

98-3 

98-6 

99-o 

99*3 

99*6 

99*9 

1003 

ioo-6 

100*9 

361 
362 
363 
364 
365 
366 
367 
368 
369 
370 

341*3 
342-3 
343*2 
344*2 
345*1 
346i 
347*0 
348o 
348*9 
349*8 

"7-5 
II7-8 
uS-2 

"85 

ii8-8 
1 191 

1 198 

120*1 

120*4 
1208 

I2I'I 

1214 

1217 

122  I 

1224 
122-7 
I23'0 

1234 
1237 
1240 
1244 
1247 
125-0 
1253 
1257 
126*0 
1263 
1266 
127*0 

421 
422 
423 
424 
425 
426 
427 
428 
429 
430 

398-1 
399*o 
400*0 
4009 
401*8 
4028 
4037 
4047 
4056 
4066 

137-0 
137-4 
1377 
1380 

1384 
1387 
1390 
139*3 
1397 
1400 

481 
482 
483 
484 
485 
486 
487 
488 
489 
490 

454*8 
4557 
4567 
457*6 
458-6 
459*5 
4605 
4614 
4624 
4633 

156-6 
1569 
157*2 
157*6 
1579 
1582 
1585 
1589 
159  2 
159*5 

541 
542 
543 
544 
545 
546 
547 
548 
549 
550 

511*5 
512-4 

513*4 
514*3 
5153 
5162 
517*2 
518-1 

5191 
5200 

176-1 

1764 
1768 

1771 
177*4 
1777 
178-1 
1784 
178*7 
179*0 

311 
312 
318 
314 
315 
31* 
817 
318 
319 
3S0 

2941 
295-0 

295*9 
2969 
297-8 
2988 
2997 
3007 
3016 
302-6 

IOI'2 

1 01 -6 
101*9 

I02'2 
102*5 
102  9 
IO32 

IO35 
IO38 
104*2 

371 
372 
373 
374 
375 
376 
377 
378 
379 
360 

350*8 
351*7 
3527 
353*6 
354'6 
355*5 
3565 
357*4 
358*4 
J59J. 
3602 
3612 
3621 

3631 
3640 
365*0 
365-9 
366-9 
367*8 
368-8 

431 
432 
433 
434 
435 
436 
437 
438 
439 
440 

407*5 
408-5 
409-4 
4104 

4"*3 
412*2 

4I3-2 
4141 
415*1 
416*0 

1403 
140-6 
141*0 

141*3 
141-0 
141-9 

142-3 
142*6 
1429 
1432 

491 
492 
493 
494 
495 
496 
497 
498 
499 
500 

4643 
465-2 
4661 

4671 
4680 
469-0 
4699 
4709 
471*8 
4728 

1598 
160*2 
i6o< 
1608 
1611 

162-1 
162-4 
162-8 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 

5210 

521*9 
5228 
5238 
5247 
525*7 
526*6 
527*6 
5285 
5295 

179*4 
1797 
180-0 
180-3 
180.7 
181-0 
1812 
181-6 
182-0 
1823 
182-6 
1829 

\® 

183-9 
1842 
184-6 
1849 
185a 
185*6 

185*9" 
1862 
186-5 
186-9 
1872 

187-8 
1 88*2 
188-5 
188*8 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 ' 

3035 
304-5 
3054 
306-3 

307-3 
3082 
309*2 
310-1 
3"i 
312-0 

IO45 
IO4-8 
IO5I 

105-5 
1058 
1061 
106-4 
1068 
107-1 
1074 

381 
382 
883 
384 
385 
386 
387 
388 
389 
390 

441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
4>1 
452 
453 
454 
455 
456 
457 
458 
459 
460 

417-0 
4179 
4189 
4198 
420*8 

421*7 
422*6 
423*6 
424*5 
_125*5 
4264 
4274 
4283 

4293 
4302 
43i*2 
4321 
433*o 
434*o 
434*9 

143*6 
143*9 
144*2 
144*5 
144*9 
1452 
145*5 
145-8 
1462 

1465 
1468 
147-1 
147*5 
147*8 
148*1 
148-4 
1488 
I49'i 
149*4 
1497 

501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 

4737 
4747 
4756 
4765 
477*5 
478-4 
479'4 
4803 
481*2 
4822 

163-1 

1634 
1637 
164-1 
1644 
1647 
1650 
1654 
1657 
1661 

561 
562 
56S 
564 
565 
566 
567 
568 
569 
570 

530-4 
531*4 
532*3 
533*2 
5342 
535*1 
536i 
537*0 
538-o 
538*9 

331 
382 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
843 
344 
345 
34* 
347 
348 
349 
350 

3130 
313*9 
314*9 
315*8 
3167 
3177 
3186 
3196 
3205 
3*1*5 

1077 
108*1 
1084 
1087 
109-1 
1094 
1097 
1100 
110-4 
1 107 

391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

3697 
370-6 
371-6 
372*5 
373*5 
374*4 
375*4 
376  3 
377*3 
3782 

127*3 
1276 

1279 
1283 
128-6 
1289 
129-2 
1296 
1299 
1302 

4831 
484*1 
4850 
4860 
486? 

4879 
488-8 

4897 
4907 
491-6 

1664 
1667 
1670 

1674 
1677 
168-0 

1683 
1687 
1690 
169*3 
1696 
1700 
1703 
1706 

1709 
1712 
171*6 
1719 
1722 
172-5 

571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 

5399 
5408 

541*7 
542*7 
543*6 
544*6 
545*5 
546*5 
547*4 
548-4 
5493 
550-3 
551*2 

552*2 

553*1 
554*1 
555*o 
555*9 
5569 
557  8 

322-4 
3234 
3243 
325*3 
3262 

3271 
328-1 
3290 
330*0 
330*9 

iii-o 

1 1 13 
1 1 17 

II2'0 

1 1 23 

II2-6 
113  O 

"3*3 
1136 
1 139 

379*2 
380-1 
381-0 
3820 
3829 
3839 
384*8 
385-8 
386-7 
3877 
3886 
389*6 
390-5 
39"  *4 
392*4 
393*3 
394*3 
395-2 
396-2 
397*1 

I30*5 
130-9 
131*2 
131-5 
131-8 
132-2 

1325 
1328 

133-1 
133*5 
133-8 
134*1 
134*4 
134*8 
I35*i 
135*4 
135*7 
1361 

1364 
1367 

461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 

435*9 
4368 
437*8 
4387 
4397 
4406 
441-6 
442*5 
443*4 
444*4 
445*3 
446-3 
447*2 
4482 
4491 
4501 

451-0 
4520 
4529 
453*8 

150-1 
150-4 
1507 
151-0 
151-4 
1517 
152*0 
152-4 
1527 
1530 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 

4926 
493*5 
494*5 
495*4 
4964 
497*3 
498*3 
4992 
5001 
501-1 

189-1 
189-5 
1898 
190-1 
1904 
190*8 
1911 
1914 
1917 
192*1 

851 
852 
353 
854 

355 
356 
357 
358 
359 
360 

331*9 
3328 

3338 
3347 
3357 
336*6 

337-5 
338*5 
339*4 
3404 

114*6 

1 149 
115-2 
1156 

1159 
1 16  2 

1165 
1169 
1 172 

411 
412 
413 
414 
415 
416 
417 
418 
419 
420 

1533 
1537 
154*0 

154*3 
154*6 
155-0 

155*3 
155*6 
155*9 
1563 

531 
532 
533 
584 
535 
536 
537 
538 
589 
540 

5020 
503*o 
503*9 
5049 

333 

5077 
5087 
5096 
5106 

172-9 
173*2 
173-5 
1738 
«74*2 
174*5 
174*8 
175*1 
1755 
1758 

591 
592 
593 
594 
595 
596 
597 
598 
599 
600 

558*8 
5597 
5607 
5616 
5626 
5635 
564-5 
565*4 
5664 
567  3 

1924 
1927 
1930 
1934 
1937 
1940 

194*3 
1947 
1950 

1953 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 
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20° 

Ih20« 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

D^. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

i      0-9 

o'3 

61 

57*3 

jo*9 

121 

113*7    41*4 

181 

170*1 

61*9 

241 

226*5 

82*4 

2 

«*9 

o'7 

62 

58-3 

21*2 

122 

114*6 

41*7 

182 

171*0 

62*2 

242 

227*4 

82-8 

3 

2*8 

I'O 

63 

59** 

21*5 

123 

115*6 

42-1 

183 

172*0 

62*6 

243 

228*3 

831 

4 

3*8 

i"4 

64 

6o*i 

21*9 

124 

116.5 

4**4 

184 

i7»-9 

62*9 

244 

229*3 

83-5 

5 

47 

i"7 

65 

6ri 

22*2 

126 

1175 

428 

185 

173-8 

63-3 

246 

230*2 

83*8 

6 

5"6 

2*1 

66 

62*0 

22*6 

126 

118*4 

43*' 

186 

174*8 

63*6 

246 

231*2 

84*1 

7 

66 

*"4 

67 

63*0 

22*9 

127 

119*3 

43*4 

187 

175*7 

64*0 

247 

232*1 

84-5 

8 

rs 

2-7 

68 

63-9 

*3*3 

128 

120*3 

43*8 

188 

176*7 

64-3 

248 

233*0 

848 

9 

8-5 

3*i 

69 

64*8 

23*6 

129 

121*2 

44"i 

189 

177-6 

64*6 

249 

234*0 

85*2 

10 

94 

3'4 

70 

65-8 

23*9 

130 

122*2 

44*5 

190 

178*5 

65*0 

250 

134-9 

85-5 

11 

10-3 

3*8 

71 

66-7 

24-3 

131 

I23M 

44*8 

191 

'795 

65*3 

261 

*35*9 

858 

12 

ii'3 

4"  1 

72 

67-7 

24*6 

132 

124*0 

45"  * 

192 

180*4 

65-7 

269 

236*8 

86*2 

13 

12  2 

4*4 

73 

68-6 

*5*o 

133 

125*0 

45*5 

193 

1814 

66*o 

263 

237*7 

86*5 

14 

13-2 

4*8 

74 

69-5 

*5'3 

134 

I259 

# 

194 

182*3 

66*4 

254 

238*7 

86*9 

16 

14*1 

5*i 

76 

70-5 

*5'7 

135 

126*9 

195 

183*2 

66*7 

255 

239*6 

*n 

16 

15*0 

2 

76 

7**4 

26*0 

136 

127-8 

46-5 

196 

184*2 

67*0 

256 

240*6 

87-6 

17 

i6*o 

77 

7*"4 

26*3 

137 

128*7 

469 

197 

185*1 

67-4 

257 

Hi'5 

879 

18 

i6*9 

78 

73*3 

26*7 

138 

129*7 

47'* 

198 

1861 

67-7 

268 

242*4 

882 

19 

*7'9 
i8-8 

6'5 

79 

74-2 

27*0 

139 

130*6 

47'5 

199 

187*0 

68-1 

259 

*43*4 

88*6 

20 

6-8 

80 

75'* 

*7*4 

140 

1316 

47*9 

200 

187*9 

684 

260 

^44*3 

88*9 

21 

io«7 

7-2 

81 

76-i 

27*7 

141 

132*5 

48*2 

201 

188*9 

68*7 

261 

*45*3 

89*3 

22    20*7 

7*5 

82 

77*i 

28*0 

142 

133*4 

48*6 

202 

189*8 

69*1 

262 

246*2 

89*6 

23  '  ai*6 

7*9 

83 

78-0 

284 

143 

1344 

48*9 

203 

190*8 

69*4 

263 

247*1 

90*0 

24 

22*6 

8'2 

84 

78-9 

28*7 

144 

•35*3 

49*3 

204 

191*7 

69*8 

264 

248-1 

90*3 

25 

*3"5 

86 

85 

79*9 

29*1 

145 

136*3 

49*6 

205 

192*6 

70*1 

265 

2490 

90*6 

26 

•H'4 

8-9 

86 

8o*8 

29*4 

146 

137'* 

49*9 

906 

193*6 

70*5 

266 

250*0 

91*0 

27 

*5*4 

9-2 

87 

8i-8 

29*8 

U7 

1381 

50*3 

207 

*94'5 

70*8 

267 

250*9 

91*3 

28 

26*3 

9-6 

88 

82-7 

30*1 

148 

1391 

50*6 

208 

195*5 

71*1 

268 

251*8 

91*7 

29 

27*3 

9*9 

89 

83-6 

30-4 

149 

140*0 

51*0 

209 

196*4 

71*5 

269 

2528 

92*0 

SO 

28*2 

10*3 

90 

84-6 

30-8 

150 

141*0 

5i*3 

210 

197*3 

7i-8 

270 

153*7 

923 

31 

29*1 

io*6 

91 

85-5 

311 

161 

1419 

516 

211 

198*3 

72*2 

271 

154-7 

92*7 

32 

3o-i 

109 

92 

86*5 

3i'5 

152 

1428 

52*0 

212 

199*2 

7»#5 

272 

255*6 

93-o 

33 

31-0 

113 

93 

87-4 

31-8 

153 

143-8 

52*3 

213 

200'2 

72*9 

273 

256*5 

93*4 

34 

31-9 

ii*6 

94 

88*3 

JVI 

154 

144*7 

5**  7 

214 

20I*I 

73*2 

274 

157*5 

93'7 

36 

32-9 

12*0 

96 

89-3 

3*5 

155 

145-7 

53*0 

215 

202*0 

73*5 

276 

258-4 

941 

36 

33*8 

I2'3 

96 

90-2 

32*8 

156 

1466 

534 

216 

203*0 

73*9 

276 

159-4 

94*4 

37 

34*8 

12-7 

97 

912 

33'* 

157 

H7*5 

53*7 

217 

2039 

74-2 

277 

260*3 

94' 7 

38 

35*7 

130 

98 

92-1 

335 

158 

148*5 

54*0 

218 

2049 

74-6 

278 

261*2 

95*i 

30 

36-6 

13-3 

99 

93-0 

33*9 

159 

149*4 

54*4 

219 

205*8 

749 

279 

262*2 

95*4 

40 

37-6 

137 

100 

94-0 

34*» 

160 

150*4 

54*7 

220 

206  *  7 

75** 

280 

263*1 

95*8 

41 

38*5 

14-0 

101 

94*9 

34*5 

161 

151*3 

551 

221 

207*7 

75-6 

281 

264-1 

96*1 

42 

395 

144 

102 

95-8 

349 

162 

152*2 

55*4 

222 

208*6 

75*9 
76*3 
766 

282 

265*0 

964 

43 

40-4 

H*7 

103 

96-8 

35** 

163 

153*2 

55*7 

223 

209*6 

283 

265*9 

96*8 

44 

41*3 

15-0 

104 

97*7 

35'* 

164 

154*1 

56*1 

224 

210*5 

284 

266-9 

97-i 

45 

4**  3 

15*4 

105 

98-7 

35*9 

165 

155*0 

56-4 

225 

211*4 

77*0 

285 

267*8 

97'5 

46 

43'* 

'5*7 

106 

996 

36'3 

166 

156*0 

56*8 

226 

212*4 

77'3 

286 

268*8 

97-8 

47 

44'* 

161 

107 

100*5 

366 

167 

1569 

57*1 

227 

2133 

77-6 

287 

269-7 

98*2 

48 

45'  * 

16-4 

198 

101*5 

36*9 

168 

w57'9 

57*5 

228 

214*2 

78*0 

288 

270*6 

98*5 

49 

46*0 

16*8 

109 

101*4 

37*3 

169 

158*8 

57*8 

229 

215*2 

216*1 

78-3 

289 

271*6 

988 

50 

47*o 

171 

no 

k>3*4 

37*6 

170 

'59*7 

58*1 

230 

78-7 

290 

272*5 

99*i 

61 

47*9 

17*4 

HI 

io4#3 

38*0 

171 

160*7 

58-5 

231 

217*1 

79*0 

291 

173*5 

99*5 

62 

48*9 

17-8 

113 

105*2 

38-3 

172 

1616 

58*8 

232 

2l8'0 

79*3 

292 

174*4 

999 

63 

49*8 

18-1 

113 

106*2 

38*6 

173 

1626 

59'* 

233 

218*9 

79*7 

293 

175*3 

IOO*2 

64 

50-7 

18-5 

114 

107*1 

39*0 

174 

1635 

59*5 

234 

219*9 

8o*o 

294 

276*3 

100*6 

55 

5''7 

18*8 

115 

108*1 

39*3 

176 

164*4 

59*9 

235 

220*8 

80*4 

295 

277*2 

100*9 

56 

52*6    19*2 

116 

109*0 

39*7 

176 

165*4 

60*2 

236 

221*8 

80*7 

296 

278*  I 

101*2 

67 

53-6 

19-5 

117 

109*9 

40*0 

177 

166*3 

6o*<; 

237 

222*7 

81*1 

297 

279*1 

101-6 

68 

54' 5 

19-8 

118 

noa9 

40*4 

178 

167*3 

60*9 

238 

223*6 

814 

298 

280*0 

101*9 

59 

55*4 

20*2 

119 

iii*8 

40*7 

179 

i68*2 

6l*2 

239 

224*6 

8i-7 

299 

281*0 

102*3 

60 

56-4 

20*5 

120 

1 128 

41*0 

180 

169*1 

6r6 

240 

225*5 

82*1 

300 

281*9 

102*6 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

DJLat 

Dist 

Dep. 

D.Ut. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 
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20°                                                        1*  20«* 

Dist. 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

301 
302 
303 
304 
305 
306 
307 
308 
309 
310 

282-9 
2838 
2847 
2857 
2866 
2876 
2885 
2894 

290*4 
2913 

103-0 

103*3 
1036 
104*0 
1043 
1047 
1050 

105*4 
1057 
1060 

361 
362 
363 
364 
365 
366 
367 
368 
369 
370 

339*2 
3402 
34I-I 
342*1 
3430 
3439 
344*9 
345*8 
3468 

347*7 

I23| 

1238 
124-2 

1248 
125-2 
1255 
1259 
126-2 
1266 

421 
422 
423 
424 
425 
426 
427 
428 
429 
430 

395'6 
3966 

397*5 
398*4 
399*4 
400-3 
401-3 
402-2 

403*1 
4041 

1440 
1443 
1447 
1450 
145*4 
1457 
146*1 

1464 
1467 
147*1 

481 

482 
483 
484 
485 
486 
487 
488 
489 
490 

4520 
4530 
4539 
4548 

455*8 
4567 
4577 
4586 
4595 
4605 

164-5 
1648 
1652 
165*5 
165*9 
1663 
1666 
1669 
167*3 
1677 

541 
542 
543 
544 
545 
546 
547 
548 
549 
550 

5o8*4 
509*3 
5lo-3 
5U2 
5I2-I 

513*I 
514-0 
5l5*o 

5,|'§ 
5l6'8 

517*8 
5187 
5197 
5206 

5215 
5225 
5234 
5244 
525*3 
526-2 

1850 
185*4 
1857 
i860 
1864 
1868 
187*1 

187*4 
187-8 
188-2 
1885 
1888 
189-1 
1894 
1898 
1902 
190-5 
1908 
191*2 
1916 

311 
312 
313 
314 
315 
3U 
317 
318 
319 
320 

2923 
2932 
2941 
2951 
2960 
2970 
297*9 
2988 
2998 
3007 

1064 
1067 
107-1 
107*4 
107*7 
1081 
1084 
108-8 
109-1 
1095 

371 
372 
873 
374 
375 
376 
377 
378 
379 
380 

3486 
349*6 
350-5 
351*5 
3524 
353*3 
3543 
355*2 
356  2 
357*1 

126-9 
127-2 
127*6 
127-9 
1283 
1286 
129-0 
1293 
1296 
1300 

431 
432 
433 
434 
435 
436 
437 
438 
439 
440 

4050 
406*0 
4069 
407*8 
408-8 
4097 
4107 
411*6 

4125 
4135 

147*4 
147*8 
1481 
1484 
1488 
149*1 
149-5 
149-8 
150*2 
150-5 
1508 
151-2 
151-5 

151*9 
152*2 
1525 
152-9 
153*2 
•53*6 
153*9 

491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 

4614 
4624 

4633 
464*2 

4652 
4661 
467*0 
468-0 
468-9 
469*9 
470*fr 
471*7 
4727 
473'6 
474*5 
475*4 
4764 
477*3 
478-3 
4792 

1680 
1683 
168*6 
168-9 

169*3 
1696 
170*0 
1703 
1707 
1710 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 

321 
322 
323 
324 
325 
326 
827 
328 
329 
330 

3016 
3026 
303*5 
3045 
305*4 
3063 
3073 
3082 
3092 
310*1 

1098 

IIO'I 
1 10-  K 

no-8 

111*2 

1 1 2-2 

1 125 
112  9 

381 
382 
383 
384 
385 
386 
387 
388 
389 
390 

3580 
359*0 
359*9 
360-8 
3618 
362*7 
3637 
3646 
3655 
366*5 

1303 
130*7 
131*0 
131*3 
1317 
1320 

132*4 
1327 

133*1 
1334 

441 
442 
443 
444 

445 

446 
447 
448 
449 
450 

4144 
415*4 
416*3 
417*2 
418-2 

419*1 
420-0 
421-0 

421*9 
4229 

I7i*3 
1717 
172-0 
172*4 
1727 
173*0 
173*4 
173*7 
174-1 

174*4 

561 
562 
563 
564 
565 
566 
567 
568 
569 
570 

527-2 
528-1 
5290 
53oo 
5300 
531-8 
532-8 
5337 
5347 
535*6 

191*9 
192*2 

1925 
1929 

1932 
1936 

193  9 
194-2 
1946 
1950 

195-3 
1956 

1959 

1963 
1966 
i97*o 
197*3 
1977 
1980 

1984 

331 
332 
333 
334 
335 
336 
337 
338 
339 
340 

31  ro 
3120 
312*9 
3139 
3148 
3157 
3167 

3*7*6 
3186 
3*9*5 

1 132 

1 136 
1139 
1 142 

114-6 
1 14  9 

»5*3 
1156 
1 1 60 
1163 

391 
392 
393 
394 
395 
396 
397 
398 
399 
400 

3674 
368*4 
3693 
370-2 
3712 
372*1 

3731 
3740 
3749 
375*9 

1337 
134*1 
134*4 
134*8 
I35-I 
135*4 
135*8 
136-1 

m 

451 
452 
453 
454 
455 
456 
457 
458 
459 
460 

4238 
424*7 
425  7 
426-6 
4276 
428-5 
429-4 
430-4 
431*3 
432*3 

154*3 
1546 
154*9 
155*3 
155*6 
156*0 
156*3 
1567 
157*0 
157-4 

511 
512 
513 
514 
515 
516 
517 
518 
519 
520 

480-2 
481*1 
4821 
483*0 
484-0 
4849 
485*8 
4868 

48r7 
488-7 

174*8 
175-1 
175*4 
175-8 
176-1 
1765 
1768 
1772 
177*5 
1779 

571 
572 
673 
574 
575 
576 
577 
578 
579 
580 

536*6 
537*5 
538*5 
539*4 
540*3 
541*3 
5422 

543*2 
544*1 
5450 

341 
342 
343 
344 
345 
346 
347 
348 
349 
350 

320-4 
321*4 
3223 
323*3 
3242 
3251 
3261 
327-0 
3280 
3289 

1 166 
117-0 
"7*3 
"77 
u8-o 
1 184 
1187 
119-0 
1 194 
1 197 

401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

3768 
377*8 
3787 
379*6 
3806 

38r5 
3*2-5 
383*4 
3843 
3853 

1372 

137*5 
137*8 
1382 
1385 
1389 
139*2 
1396 

139*9 
1402 

461 
462 
468 
464 
465 
466 
467 
468 
469 
470 

433*2 
434*1 
4351 
4360 

437*o 
437*9 
4388 
439*8 
4407 
4417 

1577 
1580 
1584 
1587 
1590 
1594 
1597 
1601 
160*4 
1608 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 

4896 
4905 

491*5 
4924 

493*4 
494*3 
495*3 
4962 

4971 
498-1 

1782 
178*5 

1789 
1792 
1796 
1799 
1802 
1806 
18  ro 
181-3 

581 
582 
583 
584 
585 
586 
587 
588 
589 
590 

546o 
5469 

547*9 
548-8 
549*8 
550*7 
551*7 
552*6 
553*5 
554*4 

1987 

1990 
1994 
1998 

200-1 

2004 

2008 

20 12 

201*5 

201-8 

351 
352 
353 
354 
355 
356 
357 
358 
359 
360 

3298 
330-8 
331*7 
332*7 
333*6 
334*5 
335*5 
336*4 
3374 
3383 

1 20' I 

1204 

I207 
I2II 

1214 

121*8 
122*1 
122-5 
122*8 
123*1 

411 
412 
415 
4U 
415 
416 
417 
418 
419 
420 

3862 
3872 
388-1 
389-0 
390-0 
390-9 

391*9 
392*8 
3937 
394*7 

140-6 
1409 

Hi-3 
141 -6 

I4i*9 
H2-3 
142-6 
143*0 
143*3 
1437 

471 
472 
473 
474 
475 
476 
477 
478 
479 
480 

4426 
443*5 
444*5 
445*4 
4464 

447*3 
448-2 
449*2 
45o*i 
4511 

161-1 
161-4 
161-8 
162*1 
162*5 
162-8 
1632 

1635 
1638 
164*2 

531 
532 
533 
534 
535 
53f 
537 
538 
539 
540 

4990 

499*9 
5009 
501-8 
502-7 

5037 
5046 

505-5 
5065 
5074 

1816 
1819 
1823 
1826 
183*0 
1833 
1837 
184*0 

184*3 
i*47 

591 
592 
593 
594 
595 
596 
597 
598 
599 
600 

555*4 
556*3 
557*3 
5582 

5591 
5600 
5610 
5619 
5629 
5638 

2021 

202*4 
202*8 
203*2 
203*5 
3038 
204'2 
204-6 

2049 
205*2 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist. 

Dep.   D.Lat 

70°                                                 4*40- 

472 


TABLE   1 


TRAVERSE  TABLE  TO  DEGREES 

21°                                                 lh  24m 

Dist 

DXei 

Dep. 

Dist 

D.Ut. 

Dep. 

DistjD.  Lat 

Dep. 

Ditt 

D.Ut 

Dep. 

Dist 

D.Latj  Dep. 

1 

0-9 

0*4 

61 

569 

21*9 

121 

113*0 

43'4 

181 

169*0 

64-9 

241 

225*0 

86*4 

2 

i*9 

0-7 

62 

57*9 

22*2 

122 

113*9 

437 

182 

1699 

652 

242 

2259 

86-7 

3 

&*8 

i-i 

63 

58-8 

22*6 

123 

1 148 

44* 

183 

170-8 

65-6 

243 

226*9 

*n 

4 

3*7 

i-4 

64 

59*7 

22*9 

124 

115-8 

44*4 

184 

1718 

m 

244 

227-8 

*7*4 

5 

4*7 

r8 

65 

607 

233 

125 

1167 

44*8 

185 

172*7 

245 

228*7 

8r8 

6 

n 

2-2 

66 

6i-6 

*37 

126 

117*6 

45** 

186 

173*6 

667 

246 

229*7 

882 

7 

»-5 

«7 

62-5 

24*0 

127 

1186 

45*5 

W 

174*6 

67-0 

247 

230-6 

!f5 

8 

7'5 

29 

68 

63-5 

24*4 

128 

119*5 

45*9 

188 

175*5 

67-4 

248 

231*5 

88-9 

9 

8'4 

3-2 

69 

64-4 

H7 

129 

120*4 

46-2 

189 

1764 

677 

249 

232*5 

89*2 

10 

93 

3'6 

70 

654 

251 

130 

1214 

46*6 

190 

177*4 

68*  1 

260 

*33*4 

896 

11 

10*3 

39 

71 

663 

*5*4 

131 

122*3 

46*9 

191 

1783 

684 

261 

*34*3 

90-0 

12 

11*2 

4*3 

72 

67-2 

258 

182 

123*2 

47*3 

192 

179-2 

68*8 

262 

*35*3;   9°*3 

13 

12*1 

4*7 

73 

68-2 

262 

133 

124*2 

477 

193 

180-2 

69*2 

263 

236*2  .   90*7 

14 

13-1 

5*° 

74 

69*1 

265 

134 

125*1 

48-0 

194 

181*1 

69-5 

264 

237-1 

91*0 

15 

14*0 

5#4 

75 

70-0 

26*9 

135 

I26-0 

484 

196 

182-0 

699 

266 

238-1 

91-4 

16 

14-9 

« 

7« 

71*0 

27*2 

136 

127*0 

487 

196 

183-0 

70*2 

266 

239-0 

917 

17 

*5'9 

77 

71-9 

27*6 

137 

1279 

W  " 

197 

183-9 

70-6 

257 

239-9 

9»*i 

18 

168 

*5 

78 

72-8 

28*0 

138 

1288 

49*5 

196 

1848 

71*0 

268 

2409     92-5 

19 

177 

6-8 

79 

73-8 

28-3 

139 

129*8 

49* 

190 

1858 

7«'3 

269 

241-8 

92-8 

20 

i8-7 

T% 

80 

74*7 

a8*7 

140 

130-7 

50*2 

200 

1867 

717 

260 

24*7 

93-2 

21 

19*6 

7'5 

81 

75-« 

29-0 

141 

131-6 

50-5 

201 

187-6 

72-0 

261 

*437 

93*5 

22 

20*5 

7*9 

82 

76-6 

294 

142 

132-6 

50*9 

202 

1886 

72*4 

262 

244-6 

93*9 

23 

215 

82 

83 

77*5 

29*7 

143 

■33-5 

512 

203 

1895 

7*7 

263 

*45*5 

94J 
94-6 

24 

22«4 

8-6 

84 

78-4 

30*  1 

144 

134*4 

516 

204 

1905 

73'" 

264 

2465 

25 

23-3 

9-0 

85 

79*4 

30*5 

145 

1354 

52-0 

206 

191-4 

73*5 

266 

*47*4 

95-0 

26 

*H*3 

93 

86 

80*3 

30*8 

146 

1363 

52-3 

206 

1923 

73*8 

266 

2483 

953 

27 

25-2 

97 

87 

81-2 

312 

147    137'* 

5*7 

207 

I93*3 

74*2 

267 

*49*3 

96*0 

28 

26*1 

io-o 

88 

82*2 

3'*5 

148 1  138*2 

53-0 

208 

194* 

74*5 

268 

250*2 

29 

27-1 

10-4 

89 

831 

3>*9 

149 1  139  1 

53*4 

209 

195-1 

74*9 

269 

251-1 

964 

30 

28*0 

io*8 

90 

84*0 

3**3 

150'  140*0 

53-8 

210 

196-1 

75*3 

270 

252*  1 

968 

31 

289  ;  in 

91 

85-0 

326 

151 

141*0 

54'  1 

211 

1970 

7<*6 
76*0 

271 

253*0 

97*1 

32 

299!  1 1-5 

92 

85-9 

33*o 

152 

141*9 

54-5 
54*8 

212 

1979 

272 

*53*9 

97'5 

33 

30*8 

n*8 

93 

86*8 

33*3 

153 

142-8 

213 

1989 

7*5*3 

273 

254*9 

97*8 

34 

3»*7 

12*2 

94 

87-8 

337 

154 

1438 

55** 

214 

1998 

76*7 

274 

2558 

98*2 

36 

32-7 

I2'5 

95 

88-7 

34*0 

155 

1447 

55*5 

216 

200-7 

77-0 

275 

2567 

986 

36 

33*« 

129 

96 

89-6 

344 

156 

1456 

55-9 
$1 

216 

201*7 

77*4 

276 

*577 

989 

37 

345 

136 

97 

90*6 

34*8 

1*7 

1466 

217 

202-6 

77-8 

277 

258-6 

99*3 
996 

38 

35*5 

98 

91-5 

35'J 

158 

M7*5 

218 

203*5 

78-1 

278 

*59'5 

89 

364 

140 

99 

92-4 

35*5 

159 

1484 

57*0 

219 

204*5 

78'5 

279 

260*5 

100*0 

40 

37'3 

>4*3 

100 

93-4 

35*8 

160 

H9*4 

57-3 

220 

205*4 

78-8 

280 

261-4 

100-3 

41     3»'3 

"4*7 

101 

94#3 

362 

161 

150*3 

577 

221 

206*3 

79-2 

281 

262-3 

100-7 

42 

39* 

151 

102 

952 

36*6 

162 

151*2 

58-1 

222 

207*3 

796 

282 

2633 

lOl'I 

43 

401 

15*4 

103 

96*2 

36*9 

163 

152*2 

58'4 

223 

2082 

79*9 

283 

264-2 

1014 

44 

41-1 

io»i 

104 

97-1 

37*3 

164 

1531 

58*8 

224 

209-1 

80-3 

284 

265-1 

1018 

45  ,  42*0 

105 

98*0 

37-6 

165 

154*0 

59*1 

225 

210'I 

8o*6 

286 

266*1 

102*1 

46    4*'9 

165 

106 

990 

380 

166 

1550 

59l 
59'8 

226 

2II*0 

8ro 

286 

267-0 

102-5 

47    439 

168 

107 

99*9 

38-3 

167 

>55*9 

227 

211'9 

81*3 

287 

267*9 

102*9 

48     44-8 

17-2 

108 

ioo-8 

387 

168 

1568 

60*2 

228 

212*9 

817 

288 

268*9 

103-2 

49  !  45'7 

17-6 

109 

ioi-8 

39*1 

169 

157*8 

6o*6 

229 

2138 

82*1 

289 

269-8 

103*6 

50 

46-7 

'7*9 

110 

1027 

394 

170 

158-7 

60*9 

230 

214*7 

824 

290 

270-7 

103-9 

51 

47*6 

18-3 
186 

HI 

103*6 

39*8 

171 

'I91 
160-6 

613 

231 

215*7 

82*8 

291 

271-7 

104*3 

52 

48-5 

112 

104-6 

40*1 

172 

61*6 

232 

2166 

831 

292 

272-6 

104*6 

53 

495 

19*0 

113 

105-5 

40*5 

173 

161-5 

62*0 

233 

2175 

835 

293 

273-5 

105*0 

54     50*4 

194 

114 

106*4 

40-9 

174 

162*4 

624 

234 

2185 

83*9 

294 

274*5 

105*4 

55     51-3 

197 

115 

107-4 

41*2 

175 

163-4 

62*7 

235 

2194 

84*2 

295 

275*4 

105*7 

56 

5**3 

OO'I 

116 

1083 

41*6 

176 

164*3 

63-1 

236 

220*3 

84*6 

296 

2763 

106-1 

57 

53** 

20*4 

117 

109*2 

41-9 

177 

165-2 

63*4 

237 

221'3 

849 

297 

277*3 

106*4 

58 

541 

20*8 

118 

IIO*2 

42*3 

178 

166*2 

63*8 

238 

222*2 

85*3 

298 

278-2 

106-8 

50 

551 

21*1 

119 

IIIM 

426 

179 

167*1 

64-1 

239 

223*1 

856 

299 

279-1 

107- 2 

60     560 

21'S 

120 

II2'0 

43-0 

180 

168-0 

64*5 

240 

224*1 

86*o 

300 

280-1 

107-5 

Di*t. 

Dep. 

>.Lat 

Dist. 

Dep. 

D.Lat 

Diet 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

69°                                              4a  36*n 

TABLE  1 


*73 


TRAVERSE  TABLE  TO  DEGREES 

21°                                                   lh  24m 

Diat 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

301 

2810 

1079 

361 

337*0 

129-4 

421 

393*o 

1509 

481 

449*0 

172*4 

541 

5051 

193-9 

302 

2819 

108-2 

362 

337*9 

1297 

422 

394*0 

151*2 

482 

450-o 

1727 

542 

5060 

1942 

303 

2829 

1086 

363 

338*9 

130*1 

423 

394*9 

151*6 

483 

4509 

I73'i 

543 

507*0 

1946 

304 

2838 

108-9 

364 

339*8 

130A 
1308 

424 

395*8 

152*0 

484 

4518 

173  5 

544 

5079    195-0 

305 

2847 

1093 

365 

340-7 

425 

3968 

1523 

485 

4528 

1738 

545 

5088    195-3 

306 

2857 

1097 

366 

3417 

131-2 

426 

3977 

1527 

486 

4537 

1742 

546 

5098 

1957 

807 

2866 

IIO'O 

367 

3426 

131-5 

427 

3986 

1530 

487 

454*6 

174*5 

547 

5107 

i960 

308 

287-5 

1 104 

368 

343*5 

131-9 

428 

399*6 

153*4 

488 

455*6 

174*9 

548 

5116 

1964 

309 

2885 

1 107 

369 

344*5 

1322 

429 

400*5 

1537 

489 

4565 

1752 

549 

512*6 

1968 

310 

2894 

III'I 

370 

345*4 

1326 

430 

401-4 

1541 

490 

4574 

1756 

550 

513*5 

197-1 

311 

2903 

1 1 1-8 

371 

346*3 

1330 

431 

4024 

1545 

491 

458-4 

1760 

551 

514-4 

197-5 
197-8 

312 

2913 

372 

347*3 

133*3 

432 

4033 

134*8 

492 

459*3 

176*3 

552 

5154 

813 

292*2 

1 12-2 

373 

348-2 

1337 

433 

4042 

155*2 

493 

460*2 

1767 

553 

516  3 

1982 

314 

2931 

1125 

374 

349*1 

I340 

434 

4052 

155-5 

494 

461-2 

177-0 

554 

5172 

1986 

315 

2941 

1 1 29 

375 

3501 

134*4 

435 

4061 

1559 

495 

462*1 

177*4 

555 

5182 

1989 

316 

2950 

113*2 

376 

3510 

1347 

436 

4070 

1563 

496 

4630 

'  177*8 

556 

5i9*i 

199*3 

317 

295*9 

1 136 

377 

351*9 

1351 

437 

4080 

1566 

497 

464*0 

178-1 

557 

5200 

199-6 

318 

2969 

114*0 

378 

352'9 

135*5 
135*8 

438 

4089 

157*0 

498 

464*9 

178? 
1788 

558 

521*0 

2000 

319 

2978 

"4*3 

379 

3538 

439 

4098 

1573 

499 

4658 

559 

5219 

2003 

320 

2987 

1 147 

380 

3547 

1362 

440 

410-8 

157  7 

500 

4668 

179*2 

560 
561 

5228 

2007 

321 

2997 

115-0 

381 

3557 

1365 

441 

4117 

1580 

501 

4677 

179  5 

523*8 

201  0 

322 

3006 

115*4 

382 

3566 

1369 

442 

412-6 

1584 

502 

4686 

1799 

562 

5247 

201 '4 
201*8 

323 

3015 

115*8 

383 

357*5 

137*3 

443 

4136 

1588 

503 

469*6 

1803 

563 

525*6 

324 

3025 

1 161 

384 

35*5 

137*6 

444 

414*5 

1 591 

504 

47o*5 

1806 

564 

5266 

202'l 

325 

303*4 

116-5 
1 1 6-8 

385 

359*4 

1380 

445 

415*4 

1595 
159*8 

505 

471*5 

1810 

565 

527*5 

202*5 
202*8 

326 

304*3 

386 

3603 

138-3 

446 

4164 

506 

472*4 

1813 

566 

528*4 

327 

305*3 

117*2 

387 

3613 

1387 

447 

417*3 

i6o*2 

507 

473*3 

1817 

567 

5294 

2032 

328 

3062 

"7*5 

388 

3622 

1391 

448 

4182 

1605 

508 

4743 

182*0 

568 

530-3 

2035 

329 

3<>7i 

ii7'9 

389 

3631 

139*4 

449 

419*2 

1609 

509 

4752 

1824 

569 

531*2 

2039 

380 

3081 

U8-3 

390 

3641 

1398 

450 

4201 

161*3 

510 

4761 
477*1 

1828 
183-1 

570 
571 

5322 

204*3 

331 

309-0 

118-6 

391 

3650 

140  1 

451 

421-0 

1616 

511 

533  1 

2046 

332 

3099 

119*0 

392 

3659 

140-5 
140*8 

452 

422*0 

162-0 

512 

478o 

183*5 

572 

534*o 

205  0 

333 

3109 

"9*3 

393 

3669 

453 

4229 

162*3 

513 

478-9 

183-8 

573 

535*0 

205*4 

334 

31 1'8 

1 197 

394 

3678 

I4i'3 

454 

4238 

1627 

514 

4799 

184*2 

574 

535*9 

2057 

335 

3127 

120*1 

395 

368-7 

141-6 

455 

4248 

163-1 

515 

4808 

1846 

575 

5368 

206' 1 

336 

3U7 

1204 

396 

3697 

141*9 

456 

4257 

163*4 

516 

4817 

1849 

576 

5378 

2064 

337 

3H-6 

1 208 

397 

3706 

1423 

457 

4266 

1638 

517 

4827 

I!51 

577 

5387 

2068 

338 

315-5 

I2I-I 

398 

371-5 

142*6 

458 

427*6 

164*1 

518 

483*6 

1856 

578 

539'6 

207-1 

339 

316-5 

SB 

399 

372*5 

i43*o 

459 

428-5 

1645 

519 

484*5 

i860 

579 

5406 

207-5 

340 

317*4 
318-3 

400 
401 

373*4 
3743 

143*4 
1437 

460 
461 

429*4 

1649 
1652 

520 
521 

4855 
4864 

1864 

580 

541*5 
542*4 

2079 

341 

122*2 

430-4 

1867 

581 

2082 

342 

3i9'3 

122*6 

402 

375*3 

144*1 

462 

431-3 

165-6 

522 

487*3 

187*1 

582 

5434 

2086 

343 

3202 

122*9 

403 

3762 

1444 

463 

4322 

i65*9 

523 

4883 

1874 

583 

544*3 

208-9 

344 

321*1 

1232 

404 

377*1 

1448 

464 

433*2 

1663 

524 

4892 

1878 

584 

545*2 

2093 

345 

322*1 

123*6 

405 

378-1 

145*1 

465 

434*1 

1666 

525 

4901 

1881 

585 

5462 

2096 

346 

3230 

I24'0 

406 

3790 

145*5 

466 

435*o 

1670 

526 

491*1 

1885 

586 

547*1 

2100 

347 

3239 

1244 

407 

379*9 

1459 

467 

4360 

1674 

527 

4920 

188-9 

587 

5480 

2104 

348 

3249 

1247 

408 

38o-9 

1462 

468 

436-9 

167*7 

528 

4929 

1892 

588 

5490 

2107 

349 

325*8 

125*1 

409 

3818 

1466 

469 

437-8 

1681 

529 

493*9 

1896 

589 

549*9 

211*1 

350 

3267 

1254 

410 

3827 

1469 

470 

4388 

1684 

530 
531 

494*8 

1899 

590 

55o-8 

211*4 

Tir8 

351 

3277 

1258 

411 

3837 

1473 

471 

4397 

1688 

495-7 

1903 

591 

55i'8 

352 

3286 

I26'I 

412 

384*6 

1477 

472 

4406 

169-2 

532 

4967 

1907 

592 

5527 

212-2 

353 

3295 

1265 

413 

385*5 

148*0 

473 

4416 

1695 

533 

497*6 

191*0 

593 

553*6 

212*5 

354 

330-5 

126*9 

414 

386-5 

1484 

474 

4425 

1699 

534 

4985 

191*4 

594 

554*6 

2;I2*9 

355 

331*4 

127*2 

415 

3874 

1487 

475 

443*4 

1702 

535 

499*5 

1917 

595 

5555 

2132 

356 

332*3 

1276 

416 

388-4 

149*1 

476 

444*4 

170*6 

536 

5oo-4 

192-1 

596 

556-4 

2136 

357 

333*3 

1279 

417 

389*3 

149*4 

477 

445*3 

170-9 

537 

50i*3 

1924 

597 

557*4 

213*9 

358 

3342 

128-3 

418 

3902 

1498 

478 

4462 

171*3 

538 

5023 

1928 

598 

5582 

2143 

359 

335*1 

1287 

419 

391*2 

150*2 

479 

447*2 

1717 

539 

5032 

193*2 

599 

5592 

2147 

360 

336i 

1290 

420 

392-1 

1505 

480 

448-1 

172-0 

540 
Dist 

504*1 

193*5 

600 

560*1 

215-0 

Dist 

Dep. 

D.Lat  Jl)i8t. 

Dep. 

D.Lat 

Dist   Dep. 

D.Lat 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 
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22° 

lh 

28- 

Dist 

D.Lat 

Dep. 

Dist 

D.  Latj  Dep. 

Disr.  D.  Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

1 

o*9 

o*4 

61 

56*6  1  22*9 

121 

112*2 

45*3 

181 

1678 

67*8 

241 

223*5 

903 

2 

i -9 

o-7 

62 

57*5  !  *3** 

122 

1131 

45*7 

182 

1687 

68*2 

242 

224*4 

907 

S 

»-8 

n 

63 

58*4  i  23-6 

123 

114*0 

46*1 

183 

1697 

68*6 

243 

225*3 

91-0 

4 

3*7 

i*5 

64 

59*3    14-0 

124 

115*0 

46*5 

184 

170*6 

689 

244 

226*2 

91*4 

5 

4-6 

1*9 

65 

60*3    24*3 

125 

115*9 

468 

185 

171*5 

69*3 

245 

227*2 

91-8 

6 

5*6 

2'2 

66 

61*2  1  24-7 

126 

ii6*8 

47*» 

186 

172*5 

697 

246 

228*1 

922 

7 

6*5 

2'6 

67 

62*  I  25- 1 

127 

ii7-8 

47*6 

187 

173*4 

70*1 

247 

229*0 

92-5 

8 

7*4 

3*0 

68 

63-0 !  25-5 

128 

ii8*7 

47*9 

188 

174*3 

70*4 

248 

2299 

929 

9 

8-3 

3*4 

69 

64*0    25*8 

129 

119*6 

48*3 

189 

175*2 

70*8 

249 

230*9 

93*3 

10 

9*3 

3*7 

70 

64*9  I  26*2 

130 

120*5 

48*7 

190 

176*2 

71*2 

250 

2318 

93*7 

U 

IO*2 

4*i 

71 

65-8   26-6 

131 

121*5 

49*i 

191 

177*1 

7«*5 

251 

2327 

940 

12 

III 

4'5 

72 

66-8  1  27-0 

132 

122*4 

49*4 

192 

178*0 

71*9 

252 

*33*7 

94*4 

13 

12' I 

4*9 

73 

67-7 

47*3 

133 

123*3 

49*8 

193 

1789 

72*3 

263 

234*6 

94*^ 

14 

IJO 

5** 

74 

68-6 

27*7 

134 

124*2 

50*2 

194 

179*9 

72*7 

254 

*35'5 

95*2 

15 

13*9 

5'6 

75 

69-5 

28*  I 

135 

1252 

50*6 

195 

1808 

73*0 

255 

2364 

95*5 

16 

14-8 

6*o 

76 

70-5 

28*5 

136 

126*1 

50*9 

196 

181*7 

73*4 

256 

*37*4 

1    95*9 

17 

15-8 

6'4 

77 

7«'4 

28*8 

137 

127*0 

5i*3 

197 

182*7 

73*8 

257 

2383 

963 

18 

i6-7 

6-7 

78 

72-3 

292 

138 

128*0 

5i*7 

198 

183*6 

74*2 

258 

239*2 

96*6 

19 

17-6 

7'i 

79 

73-2 

29*6 

139 

1289 

52*1 

199 

184*5 

74*5 

259 

240*1 

97*0 

SO 

18*5 

7*5 

80 

74*2 

30*0 

140 

129*8 

5**4 

200 

1854 

74*9 

260 

241*  1 

97*4 

21 

19-5 

7.9 

81 

75*« 

30*3 

141 

130*7 

52*8 

201 

186-4 

75*3 

261 

242*0 

97*8 

22 

20*4 

8-i 

82 

76*0 

30*7 

142 

131*7 

53** 

202 

i87*3 

75*7 

262 

2429 

98*1 

23 

213 

8-6 

83 

77*o 

31*1 

143 

132*6 

53*6 

203 

188*2 

76-0 

263 

243** 

98*5 

24 

22-3 

90 

84 

77*9 

3""5 

144 

133*5 

53*9 

204 

189- 1 

76*4 

264 

244*8 

98*9 

25 

23*2 

9*4 

85 

78-8 

318 

145 

134'4 

54*3 

206 

190-1 

76*8 

265 

*45*7 

99*3 

26 

24'I 

9*7 

86 

79*7 

32*2 

146 

135*4 

54*7 

206 

191*0 

77*2 

266 

2466 

99*6 

27 

25O 

10' 1 

87 

80*7 

32*6 

U7 

1363 

55*1 

207 

i9i*9 

77*5 

267    2476 

100*0 

28 

26  0 

10*5 

88 

8i*6 

33*0 

148 

137*2 

55*4 

208 

192*9 

7Z'9 

268  >  248*5 

100*4 

29 

26-9 

10*9 

89 

825 

33*3 

149 

138*2 

55*8 

209 

193*8 

78-3 

269 1  249*4 

ioo-8 

30 

27-8 

11*2 

90 

834 

33*7 

150 

139*1 

56*2 

210 

194*7 

78-7 

270!  250*3 

101  1 

31 

28-7 

n-6 

91 

84*4 

341 

151 

140*0 

566 

211 

1956 

79-0 

271 

251*3 

101*5 

32 

29*7 

12*0 

92 

«5'3 

34*5 

152 

1409 

569 

212 

1966 

79*4 

272 

252*2 

101*9 

33 

30*6 

I2'4 

93 

86-2 

348 

153 

141*9 

57*3 

213 

197*5 

79*8 

273 

2531 

102*3 

34 

3''5 

I2'7 

94 

87-2 

35** 

154 

142*8 

57*7 

214 

198*4 

80*2 

274 

254*0 

102*6 

35 

3*'5 

131 

95 

88-i 

35-6 

155 

143*7 

58-1 

215 

199-3 

80*5 

275 

255-0 

103*0 

36 

33*4 

'35 

96 

89-0 

36*0 

156 

144*6 

58*4 

216 

200  *  3 

80-9 

276 

455*9 

1034 

37 

34"  3 

f3'9 

97 

899 

36-3 

157 

1456 

58*8 

217 

201*2 

!r* 

277 

2568 

103*8 

38 

35-2 

142 

98 

90-9 

3*5*7 

158 

146*5 

59*2 

218 

202*1 

8i*7 

278 

257*8 

104*  1 

39 

36*2 

14-6 

99 

91-8 

371 

159 

147*4 

59*6 

219 

203*I 

82*0 

279 

258*7 

104*5 

40 

371 

15-0 

100 

92-7 

37'5 

160 

148*3 

59*9 

220 

204*0 

82*4 

280 

259*6 

1049 

41 

38-0 

15*4 

101 

93-6 

37*8 

161 

149*3 

60*3 

221 

204*9 

82*8 

281 

260*5 

105*3 

42 

389 

15*7 

102 

94-6 

382 

162 

150*2 

60*7 

222 

205*  8 

832 

282 

261*5 

105-6 

43     39*9 

16*1 

103 

9**4 

386 

163 

151*1 

6n 

223 

206' 8 

835 

283 

262*4 

106*0 

44 

40-8 

165 

104 

390 

164 

152*  1 

61-4 

224 

207*7 

839 

284 

2633 

106*4 

45 

4i'7 

16*9 

105 

97*4 

393 

165 

153*0 

6i*8 

225 

208  *  6 

84*3 

285 

264*2 

jo6*8 

46 

4**  7 

17-2 

106 

98-3 

39*7 

166 

153*9 

62*2 

226 

209*5 

84*7 

286 

265*2 

107*1 

47 

43-6 

17-6 

107 

992 

40*  1 

167 

154*8 

62*6 

227 

210*< 

85*0 

287 

266*  1 

107*5 

48 

44*5 

18*0 

108 

IOO'I 

40*5 

168 

155*8 

62*9 

228 

211* 

85*4 

288 

267*0 

107-9 

49 

45*4 

184 

109 

ion 

40*8 

169 

156*7 

63*3 

229 

212*3 

858 

289 

2680 

108*3 

50 

46-4 

18*7 

no 

102*0 

41*2 

170 

157*6 

63*7 

230 

213*3 

86*2 

290 

268*9 

1086 

51 

47*3 

19-1 

111 

102*9 

41*6 

171 

158*5 

641 

231 

214*2 

865 

291 

2698 

109*0 

62 

48-2 

J9*5 

112 

103*8 

42*0 

172 

159*5 

64*4 

232 

21|*I 

216*0 

86*9 

292 

270*7 

1094 

53 

49- 1 

199 

113 

I04'8 

4»*3 

173 

160*4 

64*8 

233 

87*3 

293 

271*7 

109*8 

54 

50-1 

20' 2 

114 

105*7 

42*7 

174 

1613 

65-2 

234 

217*0 

87'7 

294 

272*6 

110*1 

55  |  5i*o 

20-6 

115 

Io6*6 

43*i 

175 

162*3 

656 

235 

217*9 

88*o 

295 

*73*5 

no*  5 

56  I  51-9 

21*0 

116 

107*6 

43'2 
43*8 

176 

1632 

65*9 

236 

218*8 

88*4 

296 

*74*4 

1 10-9 

57  1  52-8 

21-4 

117 

108*5 

177 

164-1 

663 

237 

219*7 

88*8 

297  j  275*4 

1113 

58 

53*8 

21-7 

118 

109*4 

44*2 

178 

165*0 

667 

238 

220*7 

89*2 

298    276* 3 

111*6 

59 

54*7 

22*1 

119 

no*  3 

44.6 

179 

1660 

67-1 

239 

221-6 

895 

299 

277*2 

I12*0 

60 

55-6 

22'5 

120 

111*3 

45*o 

180 

1669 

67*4 

240 

221-5 

89*9 

300 

278*2 

,12-4 

Dist 

Dep. 

D.Lat 

Diet 

Dep. 

D.Ut 

Dist 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Ut 

68° 
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22°                                                      lh  28m 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

301 
302 
303 
304 
305 
306 
807 
308 
309 
310 

279*1 
2800 
280-9 
281*9 
2828 

2837 
2846 
2856 
2865 
2874 

1 1 27 
113*1 
1 13-5 
"3*9 
114*2 
114-6 
115*0 
1154 
1157 
1 161 

361 
362 
363 
364 
365 
366 
367 
368 
369 
370 

3347 
335*6 
3366 

337*5 
338-4 
339  3 
340-3 
341*2 
342-1 
343*1 

1352 

135*6 
1360 

1363 
1367 
i37*i 
137  5 
137*8 
1382 
1386 

421 
422 
423 
424 
425 
426 
427 
428 
429 
430 

390-3 

391*3 
3922 

393*1 
394*1 
395*o 
395*9 
3968 
397*8 
3987 

399*6 
400*5 
4015 
4024 
403*3 
404*3 
4052 
406- 1 
407*0 
408*0 

1577 
158*1 

-.58-4 
1588 
1592 
159*6 
159*9 
1603 
1607 
1611 

481 
482 
483 
484 
485 
486 
487 
488 
489 
490 

446*0 
4469 
447*8 
448*8 

449*7 
4506 
451*6 
452*5 
453*4 
454*3 

i8o*2 
1806 
1809 
18..3 
1817 
182*1 
1824 
1828 
1832 
1836 

541 
549 
543 
544 
545 
546 
547 
548 
549 
550 

5016 
502*5 
503*4 
504*4 
5053 
5062 
507-2 
508*1 
5090 
5100 

202*7 
2031 
203-5 
2038 
204'2 

204*6 
205*0 
2053 
2057 
206' 1 

311 
312 
313 
314 
315 
316 
317 
318 
319 
320 

288*4 

2893 
2902 
291*1 
292-1 
2930 
293*9 
294*8 
2958 
2967 

Ii6*5 
1168 
117-2 
117*6 
118*0 
118-3 
1187 
1 191 

1198 

371 
372 
373 
374 
375 
376 
377 
373 
379 
380 

344*o 
3449 
3458 
3468 

3477 
3486 

349*5 
350-5 
351*4 
352*3 

1390 
U9*3 
1397 
140-1 
1405 
■40-8 
141*2 
141-6 
I4i*9 
1423 

431 
432 
433 
434 
435 
436 
437 
438 
439 
440 

161*4 
1618 
162*2 
1626 
162*9 
1633 
1637 
1 64- 1 
1644 
1648 

491 
492 
493 
494 
495 
496 
497 
498 
499 
500 

455*3 
4562 

457*1 
458*0 

459*0 
459*9 
4608 
4618 
462*7 
4636 

184-0 

1843 
184-7 
i85'i 
1854 
1858 
186-2 
186*6 
1869 
1873 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 

510*9 
5ir8 

5127 
513-6 
514*6 
515*5 
516-4 
517*4 
518-3 
519*2 

2065 
2068 
207*2 
207-6 

208'0 

2083 
2087 
209.1 

2094 
2098 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 

297*6 
2986 

299*5 
3004 

3013 
3023 

303*2 
3041 
3050 
3060 

120*2 

1206 

121*0 
121*3 
121*7 
I22'I 
122*5 
I22'8 
I23-2 
I236 

381 
382 
383 
384 
385 
386 
387 
388 
389 
390 

353*3 
354-2 

355*1 
3560 
3570 
3579 
3588 

3597 
3607 
3616 

142*7 
I43'i 
143*4 
143*8 
144*2 
144*6 
144*9 
1453 
145*7 
146*1 

441 

442 
443 
444 
445 
446 
447 
448 
449 
450 

4089 
4098 
4107 
4»7 
412*6 

413-5 
414-5 
4I5-4 
4i6*3 
4172 

165*2 
1655 
1659 
1663 
1667 
167*0 
1674 
1678 
168-2 
1685 

501 
502 
503 
504 
505 
506 
507 
508 
509 
510 

464*5 
465*4 

4664 

4673 
4682 
469*2 
4701 
47io 

471*9 
4729 

1877 
188*0 
188-4 
1888 
189-2 
189*5 
189*9 
1903 
1907 
191-1 

561 
562 
563 
564 
565 
566 
567 
568 
569 
570 

5201 
521-0 
522*0 
5229 
523-8 
5248 
5257 
5266 
5275 
5285 

2102 

2105 
210*9 
2113 
2117 

212*0 
212*4 
212*8 
213*2 

2135 

3069 
3078 
308*8 

309*7 
3106 

3'i*5 
3125 

3^3*4 
314-3 
315*2 

I24O 

124*3 
1247 
125-1 
1255 
1258 
126-2 
1266 
127*0 
"7*3 

391 
392 
393 
394 
395 
396 
397 
398 
399 
400 

3625 
363*5 
3644 
3653 
3662 
3672 
368*1 
3690 
3699 
37o-9 
371*8 
3727 
3737 
374*6 
375*5 
376-4 
3774 
378-3 
379*2 
380-1 

1464 
1468 

147*2 
147*6 
147*9 
148-3 
1487 
149*1 
149*4 
149*8 

451 
452 
453 
454 

455 
456 
457 
458 
459 
460 

418*2 

419*1 
420*0 
420*9 
4219 
422*8 
4237 
424*6 
425*6 
4265 

1689 
169*3 
1697 
1700 

170-4 
1708 
171-2 
1715 
171*9 
1723 

511 
512 
513 
514 
515 
516 
517 
518 
519 
520 

473*8 
4747 
475*6 
4766 

477*5 
478-4 
4793 
4803 
4812 
4821 

191*4 
191-8 
1922 
192*5 
1929 
1933 
1937 
1940 
194*4 
194*8 

571 
572 
578 
574 
575 
576 
577 
578 
579 
580 

529*4 
5303 
5312 

5322 

5331 
5340 

534*9 
535*9 
5368 

5377 

2139 
214*3 

2147 

215*0 
2154 

2158 

2l6'2 

2165 
2<6*9 
2173 

341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 

3162 

3I7-I 
3180 
3190 

319*9 
3208 

3217 
3227 
3236 
324-5 
325-4 
3264 
327*3 
3282 
3292 
3301 
33i*o 
3320 
3329 
333-8 

1277 
1281 
1285 
1288 
1292 
129-6 
1300 

130*3 
1307 

131*1 

401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

150*2 
1506 
1509 
1513 
1517 
152*1 

152*4 
1528 
153*2 
153*6 

461 
462 
463 
464 
465 
466 
467 
468 
469 
470 

427*4 
4284 

429-3 
430*2 

431-1 
4321 
433*0 
433*9 
434*8 
435*8 

1727 
i73*o 
173*4 
173*8 
174*2 
174*5 
174*9 
175*3 
1757 
176-0 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 

4830 
484*0 
4849 
4858 
4867 
4877 
4886 

4895 
490-4 
491*4 

195*2 
195*5 
195*9 
1963 

1967 
197*0 

197*4 
197*8 
198-2 
1985 

581 
582 
583 
584 
585 
586 
587 
588 
589 
590 

538  6 
539*6 
540-5 
541*4 
542*4 
543*3 
5442 

545*1 
546-1 
547*o 

2177 
2180 
2184 
2188 
219*2 
219-5 
219*9 
220-3 
220-7 
221*0 

1315 
131*8 
1322 
1326 
1330 
133*3 
1337 
I34*i 
134*5 
134*8 

411 
412 
413 
414 
415 
416 
417 
418 
419 
420 

38n 
3820 
3829 
3839 
3848 

3866 
387*6 
388*5 
3894 

153*9 
1543 
1547 
155-1 
155-4 
155*8 
1562 
1566 
1569 
157*3 

471 
472 
473 

474 
475 
476 
477 
478 
479 
480 

4367 
437*6 
438*6 

439*5 
440-4 
441*3 
442*3 
443*2 
444*1 
445*0 

1764 
1768 
177*2 
177*5 
177*9 
178-3 
1787 
179*0 
179*4 
179*8 

531 
532 
533 
534 
535 
536 
537 
538 
539 
540 

4923 
493*2 
4942 

4951 
496-0 

4969 
497*9 
4988 

4997 
5007 

1989 
199*3 
1997 
2000 
200*4 

200*8 

201*2 
2015 
201-9 

2023 

591 
592 
593 
594 
595 
596 
597 
598 
599 
600 

547*9 
5489 
549*8 
550-7 
551*7 
552*6 
5535 
554*4 
555*4 
556-3 

221*4 
221*8 
222*2 
222*5 
222*9 
223*3 
2237 
224*0 
224*4 

2248 

Dr*L 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

b.Lat. 

68°                                                    4h  82- 

476 


TABLE  1 


TRAVERSE  TABLE  TO  DEGREES 

23°                                                I*  82» 

Diat 

D.Lat 

Dep. 

Di«t 

D.Lat 

Dep. 

Dist 

D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist  D.Lat. 

Dep. 

] 

09 

0-4 

•1 

56*2 

*3-8 

121 

111*4 

47"3 

181 

1 66-6 

70*7 

241 

221-8 

94*2 

2 

1-8 

o*8 

62 

57-1 

24-2 

122 

112*3 

47*7 

182 

i67*5 

71*1 

242 

222*8 

94-6 

S 

2-8 

1*2 

63 

58*0 

246 

123 

1132 

48*1 

183 

168*5 

71*5 

243 

2237 

94*9 

4 

3*7 

1*6 

64 

58*9 

25-0 

124 

114*1 

48-5 

184 

169-4 

71*9 

244 

224*6 

95*3 

6 

4-6 

2*0 

65 

59*8 
6o*8 

*5'4 

125 

115M 

48*8 

185 

170*3 

72*3 

245 

225-5 

96-1 

6 

5*5 

2*3 

66 

25*8 

126 

11 6*o 

49'* 

186 

1712 

72*7 

246 

226*4 

7 

6-4 

2*7 

67 

61*7 

262 

127 

n6*>9 

49*6 

187 

1721 

73*1 

247 

227*4 

96*5 

8 

7*4 

3*1 

68 

62*6 

266 

128 

117*8 

50*0 

188 

1731 

73*5 

248 

228*3 

96*9 

9 

8'3 

3-5 

69 

63*5 

27-0 

129 

118*7 

50*4 

189 

174*0 

73*8 

249 

229*2 

97*3 

10 

92 

3.9 

70 

64-4 

*7*4 

130    119*7 

50*8 

190 

174*9 

74*2 

250 

230-1 

97*7 

11  |  io-i 

4"3 

71 

654 

27*7 

131    120*6 

512 

191 

173*8 
176*7 

74*6 

251 

231*0 

98*1 

12 

u#o 

4*7 

72 

66*3 

28- 1 

132 

121*5 

516 

192 

75*0 

252 

232*0 

98*5 

IS 

12*0 

5"i 

73 

67*2 

28*5 

133 

122*4 

52*0 

193 

177*7 

75*4 

253 

232*9 

98-9 

14 

I2'0 

5*5 

74 

68*  1 

289 

134 

123*3 

5**4 

194 

1786 

75*8 

254 

2338 

99*2 

16 

138 

5*9 

75 

69*0 

»9*3 

135 

124*3 

5**7 

195 

179*5 

76*2 

255 

234*7 

99-6 

16 

14*7 

a 

76 

70*0 

*9*7 

136 

i*5-* 

126*1 

53*1 

196 

180*4 

76*6 

256 

2356 

lOO'O 

17 

156 

77 

70*9 

30*1 

137 

53*5 

197 

1813 

77*o 

257 

236-6 

100*4 

18 

16*6 

7»o 

78 

718 

305 

138 

1*7*0 

53*9 

198 

182-3 

77*4 

258 

237*5 

ioo*8 

19 

17*5 

7*4 

79 

72-7 

30*9 

139 

I28'0 

54*3 

199 

183*2 

77*8 

259 

238*4 

101*2 

20 

iS-4 

7-8 

80 

73*6 

31*3 

140 

128*9 

54*7 

200 

184*1 

78-i 

2G0 

239*3 

ioi*6 

21 

19*3 

8*2 

81 

74-6 

31*6 

141 

129*8 

55*i 

201 

185*0 

78-5 

261 

240*3 

I02*0 

22 

20'3 

8-6 

82 

75*5 

32-0 

142 

IJO*7 

55*5 

202 

185*9 
186*9 

78*9 

262 

241-2 

102*4 

23 

21*2 

90 

83 

76*4 

32-4 

143 

I31*6 

55*9 

203 

79*3 

263 

242*1 

102*8 

24 

22*1 

9*4 

84 

77*3 

328 

144 

I32*6 

56*3 

204 

187*8 

79*7 

264 

243-0 

1032 

25 

23*0 

9*8 

85 

78*2 

33-2 

145 

'33*5 

56*7 

205 

188*7 

8o-i 

265 

243*9 

103-5 

26 

239 

10*2 

86 

79** 

33*5 

146 

i34"4 

57*0 

206 

189-6 

80*5 

266 

2449 

1039 

27 

24-9 

io*s 

87 

8o*i 

34*o 

147 

135*3 

57*4 

207 

190*5 

80*9 

267 

245*8 
246*7 

1043 

28 

25-8 

io*9 

88 

8ro 

34*4 

148 

136*2 

57*8 

208 

191-5 

813 

268 

104*7 

29 

26*7 

n*3 

89 

819 

34-8 

149 

137*1 

58* 

209 

192*4 

8 1*7 

269 

247*6 

105*1 

80 

27*6 

n*7 

90 

82*8 

35** 

150 

138*1 

586 

210 

193*3 

82*1 

270 

248-5 

105*5 

31 

285 

12*  I 

91 

83*8 

35*6 

151 

1390 

590 

211 

194*2 

82-4 

271 

249*5 

105*9 

32 

29-5 

12*5 

92 

84*7 

35*9 

3**3 

152 

*39*9 

59*8 

112 

195-1 

82*8 

272 

250-4 

106-3 

33 

30-4 

129 

93 

85*6 

153 

140*8 

60*2 

213 

196*1 

83*2 

273 

251*3 

1067 

34 

31-3 

13*3 

94 

86-5 

36*7 

154 

141*8 

214 

i97*o 

83-6 

274 

252*2 

107-1 

35 

32*2 

13*7 

95 

87*4 

37*i 

155 

142-7 

6o-6 

215 

197*9 

84-0 

275 

253*1 

107-5 

36 

33*1 

141 

96 

884 

37*5 

156 

143*6 

6 10 

216 

198*8 

84*4 

276 

254*  x 

107*8 

37 

34'i 

*4'5 

97 

89*3 

37*9 

157 

144*5 

61-3 

217 

1997 

848 

277 

255-0 

108*2 

38 

35*0 

148 

98 

90*2 

38-3 

158 

145*4 

61*7 

218 

200*7 

85*2 

278 

255*9 

1086 

39 

35*9 

15-2 

99 

91*1 

38*7 

159 

1464 

621 

219 

201 -6 

856 

279 

256*8 

109-0 

40 

36-8 

15*6 

100 

92*1 

391 

160 

147*3 

62*5 

220 

202-5 

860 

280 

257-7 

109*4 

41 

37*7 

160 

101 

93'° 

39' 5 

161 

148*2 

62*9 

221 

203*4 

864 

281 

258*7 

109*8 

42 

3«-7 

16.4 

102 

93*9 

39*9 

162 

149*  1 

633 

222 

204*4 

86*7 

282 

259*6 

HO*2 

43 

39-6 

168 

103 

94*8 

40*2 

163 

150*0 

63*7 

223 

205*3 

*7'i 

283 

260*5 

no-6 

44     405 

17*2 

104 

95*7 

40*6 

164 

151*0 

64*1 

224 

206-2 

87-5 

284 

261-4 

in-o 

45 

4>-4 

17-6 

105 

96*7 

41*0 

165 

151*9 

645 

225 

207*1 

879 

285 

262*3 

11 1-4 

46 

4**  3 

18-0 

106 

97*6 

41*4 

166 

152*8 

649 

226 

208*0 

88*3 

286 

263-3 

m*7 

47 

43*3 

i8*4 

107 

98-5 

418 

167 

153*7 

65-3 

227 

209*0 

88*7 

287 

264-2 

112*1 

48 

44-2 

18*8 

108 

99*4 

42*2 

168 

154*6 

65-6 

228 

209*9 

891 

288    265-1     112*5 

49 

45*i 

19*1 

109 

100*3 

42*6 

169 

155*6 

660 

229 

2IO-8 

89*5 

289 

266*0  I  112*9 

50 

46*0 

19*5 

110 

101*3 

43  *o 

170 

156*5     66*4 

230 

*ii*7 

899 

290 

266*9  1  113*3 

51 

46-9 

199 

111 

102*2 

43*4 

171 

157*4 

66*8 

231 

212*6 

90*3 

291 

267*9 

113*7 

62 

47*9 

20*3 

112 

103*  1 

43*8 

172 

158*3 

6>2 

232 

213*6 

90*6 

292 

268*8 

1I4-I 

53 

48*8 

20*7 

113 

104*0 

44*2 

173 

159*2 

67*6 

233 

214*5 

91*0 

293 

269-7 

114*5 

54 

49*7 

21*1 

114 

1049 

44*5 

174 

160*2 

680 

234 

215*4 

91-4 

294 

27o-6 

114*9 

55 

50*6 

21*5 

115 

105*9 

44*9 

175 

16IM 

68*4 

235 

216*3 

91*8 

295 

271-5 

1153 

56 

5'*5 

21*9 

116 

106*8 

45*3 

176 

162*0 

68*8 

236 

217*2 

92*2 

296 

272-5 

1157 
116*0 

57 

5*'5 

22*3 

117 

107*7 

45*7 

177 

162*9 

69*2 

237 

2l8*2 

92*6 

297 

273*4 

58 

53*4 

22*7 

118 

108*6 

46*1 

178 

163*8 

69*6 

238 

219*1 

93*o 

298 

274*3 

1164 

59.54-3 

23-1 

119 

109-5 

46*5 

179 

164-8 

699 

239 

220*0 

93*4 

299 

275*2 

116-8 

00 

55** 

23-4 

120 

110*5 

46-9 

180 

165*7 

70*3 

240 

220'9 

938 

JOO 

276*2 

1172 

Dist 

Dep. 

D.Lat 

Diet. 

Dap. 

D.Lat 

Dist 

Dep.  D.  Lat. 

Dist 

Dep.  JD.  Lat. 

Dist 

Dep. 

D.Lat 

67°                                               4h  28m 

TABLE  1 


47? 


TRAVERSE  TABLE  TO  DEGREES 

23° 

lh  82™ 

Ditt 

D.Lat 

Dep. 

Dirt. 

D.Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist 

D.Lat!  Dep. 

301 

277-1 

1 176 

361 

3323 

141*1 

421 

3875 

164-5 

481 

4427 

188*0 

541 

498*0 '  211*4 

302 

278*0 

118-0 

362 

333*2 

141*5 

422 

388*5 

1649 

4S2 

4437 

1884 

542 

4989 

211*8 

90S 

2789 

1184 

363 

334*1 

141*8 

423 

3894 

165-3 

483 

444*6 

1888 

543 

499-8 

2I2'2 

304 

2798 

1 18  8 

364 

335*1 

142*2 

424 

390-3 

1657 

484 

4455 

1892 

544 

500*7 

212*6 

305 

280-8 

119-2 

365 

336-o 

142*6 

425 

3912 

1661 

485 

4464 

1895 

545 

5oi-7 

213*0 

306 

2817 

119-6 

366 

3369 

M3*o 

426 

3921 

1665 
166-8 

486 

447*3 

1899 

546 

5026 

213-4 

307 

2826 

120-0 

367 

3378 

143*4 

427 

393"i 

487 

448'3 

190-2 

547 

503*5 

213*8 

308 

;»3-5 

120*4 

368 

3387 

1438 

428 

394*o 

167-2 

488 

449*2 

1 906 

548 

504*4 

214  2 

309 

284-4 

120*8 

369 

3397 

144*2 

429 

3949 

1676 

489 

4501 

191  0 

549 

5053 

214*6 

310 
311 

2854 

121*2 

370 

3406 

1446 

430 

3958 

1680 

490 

45io 

191*4 

550 

506-3 

2150 

2863 

121  6 

371 

341*5 

1450 

431 

3967 

1684 

491 

451*9 

191-8 

551 

5072 

215-3 

312 

287-2 

121-9 

372 

342*4 

145*4 

432 

3977 

1688 

492 

4529 

192*2 

552 

508-1 

215*6 

318 

2881 

122-3 

373 

343*4 

1457 

433 

3986 

169-2 

493 

453*8 

192-6 

553 

509-0 

2l6'0 

314 

289-0 

1227 

374 

344*3 

146- 1 

434 

3995 

169*6 

494 

454*7 

1930 

554 

5099 

2164 

315 

2900 

123*1 

375 

345*2 

1465 

435 

4004 

1700 

495 

455*6 

193*4 

555 

510-9 

2168 

316 

2909 

I235 

376 

346i 

146-9 

436 

4013 

1704 

496 

4566 

193*8 

556 

5118 

217*3 

317 

2918 

1239 

377 

3470 

I47-3 

437 

4023 

1708 

497 

457*5 

194-2 

557 

5127 

217*6 

318 

2927 

I243 

378 

348o 

H77 

438 

403*2 

171-1 

498 

458-4 

194*6 

558 

513*6 

2l8*0 

319 

293*6 

I246 

379 

348-9 

148*  1 

439 

404-1 

171-5 

499 

4593 

1950 

559 

514*5 

2l8'4 

320 

2946 

I25'0 

380 

349*8 

1485 

440 

405*0 

171*9 

500 

460*2 

195*4 

560 

5155 

2188 

321 

2955 

1254 

381 

350  7 

1489 

441 

4059 

1723 

501 

46112 

195*8 

561 

5164 

2192 

322 

2964 

125-8 

382 

351*6 

1493 

442 

406*9 

1727 

502 

462*1 

1962 

562 

517*3 

219-6 

323 

297'3 

126*2 

383 

3526 

1497 

443 

4078 

173*1 

503 

4630 

1966 

563 

5182 

220'0 

324 

298-2 

1266 

384 

353*5 

150*0 

444 

408-7 

1735 

504 

4639 

1970 

564 

519*2 

220*4 

825 

299*2 

127*0 

385 

354*4 

150*4 

445 

409*6 

173*9 

505 

4649 

197*4 

565 

520*1 

220*8 

326 

3001 

1274 

386 

355*3 

1508 

446 

4105 

174*3 

506 

4658 

1978 

566 

521*0 

221*2 

327 

3010 

1278 

387 

356-2 

151*2 

447 

41 15 

1747 

507 

4667 

198-1 

567 

521-9 

221*6 

328 

3019 

1282 

388 

357*2 

151-6 

448 

4124 

1751 

508 

4676 

1985 

568 

522-8 

2220 

329 

302-8 

1286 

389 

358*1 

152-0 

449 

413*3 

175*4 

509 

468-5 

1988 

569 

523*8 

222*3 

330 

3038 

128-9 

390 

3590 

1524 

450 

4142 

175*8 

510 

469*5 

199*3 

570 

5247 

222  7 

331 

3047 

1293 

391 

359*9 

152-8 

451 

415*2 

1762 

511 

4704 

1997 

571 

5256 

223*1 

332 

3056 

1297 

392 

360*8 

153*2 

452 

416*  1 

176-6 

512 

471*3 

200'0 

572 

5265 

2234 

333 

3o6-5 

130*1 

393 

361*8 

153*6 

458 

417*0 

177*0 

513 

472-2 

200*4 

573 

527*4 

2238 

334 

3075 

I30-5 

394 

362*7 

1540 

454 

417*9 

177*4 

514 

473*1 

2008 

574 

5284 

224*2 

335 

3084 

1309 

395 

3636 

1543 

455 

4188 

177-8 

515 

4740 

201*2 

575 

529*3 

224'6 

336 

3093 

131*3 

396 

364'S 

1547 

456 

419* 

1782 

516 

4750 

201*6 

576 

530  2 

225*0 

337 

3102 

13*7 

397 

3654 

1551 

457 

4207 

178-6 

517 

4759 

202'0 

577 

5311 

2254 

338 

311*1 

1321 

398 

3664 

1555 

458 

421*6 

1790 

518 

476*8 

202-4 

578 

5320 

2258 

339 

3121 

1325 

399 

3673 

155*9 

459 

4225 

179*4 

519 

477*7 

202*8 

579 

533*0 

226*2 

340 

3130 

1329 

400 

368-2 

1563 

460 

4234 

1797 

520 

4786 

2032 

580 

533*9 

2266 

341 

3139 

133*2 

401 

3691 

1567 

461 

4244 

1801 

521 

479*6 

203*6 

581 

534*8 

2270 

342 

314* 

133*6 

402 

3700 

157-1 

462 

4253 

180.5 

522 

480-5 

204*0 

582 

5357 

227*4 

343 

3157 

1340 

403 

3710 

157*5 

463 

4262 

1809 

523 

481-4 

2044 

583 

536*6 

227  8 

344 

3167 

134*4 

404 

371*9 

157*9 

464 

427-1 

i8r3 

524 

4823 

204*8 

584 

537*6 

228'2 

345 

3^7-6 

134-8 

405 

372-8 

158*3 

465 

428-0 

1817 

525 

4832 

205*2 

585 

538*5 

2286 

346 

318-5 

135*2 

406 

373-7 

1586 

466 

429*0 

182*1 

526 

4842 

2055 

586 

539*4 

229'0 

847 

3194 

135-6 

407 

3746 

159-0 

467 

4299 

182-5 

527 

485*1 

2059 

587 

540-3 

2294 

848 

3203 

1360 

408 

375*6 

159*4 

468 

4308 

1829 

528 

4860 

2063 

588 

5413 

2298 

349 

3213 

136-4 

409 

3765 

159-8 

469 

4317 

1833 

529 

4869 

2067 

589 

542-2 

230*2 

350 
351 

3222 

1368 

410 

377*4 

160-2 

470 

432*6 

183-7 

530 

4878 

207*1 

590 

543*1 

2306 

3231 

137-2 

411 

378-3 

1606 

471 

433*6 

1840 

531 

4888 

207*4 

591 

544*0 

2310 

352 

324-0 

1375 

412 

379*3 

16 10 

472 

434*5 

184-4 

532 

489*7 

2078 

592 

5449 

231-3 

353 

324*9 

137*9 

413 

380-2 

161-4 

478 

435*4 

1848 

533 

4906 

2082 

593 

545*8 

2317 

354 

3259 

138-3 

414 

38ri 

161 -8 

474 

436-3 

1852 

534 

491*5 

2086 

594 

5468 

232O 

355 

3268 

1387 

415 

3820 

162*2 

475 

4372 

185-6 

535 

492*5 

2090 

595 

547*7 

2324 

356 

3277 

139*  1 

416 

3829 

162-5 

476 

4382 

i860 

536 

493*4 

2094 

596 

5486 

232*8 

357 

328-6 

1395 

417 

383*9 

162-9 

477 

439*1 

1864 

537 

494'3 

209-8 

597 

549*5 

233*2 

358 

3295 

139*9 

418 

3848 

163*3 

478 

4400 

1 86-8 

538 

495*2 

210*2 

598 

550-4 

2336 

359 

330-5 

1403 

419 

355'7 

1637 

479 

4409 

1872 

539 

496-1 

210*6 

599 

551*3 

234*0 

360 

331*4 

1407 

420 

386*6 

164- 1 

480 

441-8 

187*6 

540 

4971 

2II-0 

600 

5523 

234*4 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

67° 

4h28m 

478 
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24° 

iha6* 

Dist 

D.Lat 

Dep. 

Disc 

D.Lat 

Dep. 

Diet 

D.Lat. 

Dep. 

Dist  D.  Lai 

Dep. 

Dist 

D.Lat. 

Dep. 

] 

09 

04 

61 

55'7 

24-8 

121 

110-5 

492 

181 

165-4 

73-6 

241 

220*2 

98*0 

2 

1-8 

o*8 

62 

56-6 

25*2 

122 

iii-S 

496 

182 

1663 

74-0 

242 

221*1 

984 

3 

2*7 

1*2 

63 

57-6 

25*6 

123 

1124 

50-0 

183 

167-2 

74'4 

243 

222*0 

98-8 

4 

37 

i-6 

64 

58-5 

26-0 

124 

1133 

5o-4 

184 

1681 

74-8 

244 

222*9 

99** 

5 

4-6 

2*0 

65 

59*4 
60-3 

26*4 

125 

114-2 

50-8 

185 

169-0 

75** 

245 

223-8 

997 

6 

5*5 

2-4 

66 

268 

126 

115-1 

51-2 

186 

169-9 

75*7 

246 

224*7 

IOOT 

7 

64 

2'8 

67 

6l'2 

27-3 

127 

116-0 

5!*7 

187 

170*8 

76-1 

247 

225*6 

ico- 5 

8 

7*3 

3*3 

68 

62- 1 

27-7 

128 

1 16-9 

52-1 

188 

171-7 

76*5 

248 

226-6 

100*9 

9 

8*2 

37 

69 

63*0 

28-1 

129 

117-8 

52-5 

189 

172*7 

76-9 

249 

227-5 

101*3 

10      91 

4#i 

70 

63-9 

285 

130 

1188 

5**9 

190 

1736 

77*3 

250 

228-4 

ioi-7 

11 

lO'O 

4'5 

71 

649 

289 

131 

119-7 

53*3 

191 

174*5 

77'7 

251 

229*3 

102*1 

12 

II'O 

4*9 

72 

658 

29-3 

132 

120'6 

537 

192 

"75-4 

78-1 

252 

230-2 

102-5 

13 

ii-9 

5"3 

73 

667 

*97 

133 

121-5 

54  1 

193 

176-3 

78*5 

253 

231-1 

102*9 

14 

12-8 

5*7 

74 

67-6 

30-1 

134 

122*4 

54*5 

194 

177-2 

78-9 

254 

232-0 

103-3 

15 

«3*7 

6-i 

75 

68-5 

30-5 

135 

I233 

54*9 

195 

178-1 

79'3 

255 

233-0 

103-7 

16 

i4-6(    6-5 

76 

69-4 

30-9 

136 

I242 

55*3 

196 

179-1 

79*7 

256 

2339 

104-1 

17 

lS'S 

6-9 

77 

7o*3 

3i-3 

137 

I25-2 

55*7 

197 

180-0 

8o-i 

267 

2348 

104-5 

18 

i6*4 

7*3 

78 

71-3 

31-7 

138 

126*1 

56-1 

198 

180-9 

80-5 

258 

235*7 

104-9 

19 

17-4 

7*7 

79 

72-2 

32-1 

139 

127-0 

56*5 

199 

181-8 

80-9 

259 

2366 

1053 

20 

18*3 

8-i 

80 

73'i 

32-5 

140 

127-9 

569 

200 

182*7 

81-3 

260 
261 

237*5 

105-8 

21 

19*2 

8-5 

81 

74*o 
7V9 

32-9 

141 

128-8 

57*3 

201 

183-6 

8i-8 

238-4 

106*2 

22 

20'I 

89 

82 

33'4 

142 

129-7 

57*8 

202 

184-5 

822 

262 

239*3 

106-6 

23 

21*0 

9*4 

83 

75-« 

338 

143 

130*6 

58-2 

203 

185-4 

82-6 

263 

240*3 

107-0 

24 

21*9 

9-8 

84 

76-7 

34-2 

144 

l3r6 

586 

204 

1 86*4 

83*0 

264 

241*2 

107-4 

25 

22*8 

IO'2 

85 

77*7 

34-6 

145 

I32-5 

590 

205 

187*3 

83-4 

265 

242*1 

107-8 

26 

23-8 

io*6 

86 

78-6 

35*0 

146 

133*4 

59*4 

2*6 

188-2 

838 

266 

243-0 

10S-2 

27 

247 

II'O 

87 

79'5 

35*4 

147 

1343 

598 

207 

189-1 

84*2 

267 

2439 

io8*6 

28 

25-6 

114 

88 

80*4 

35*8 

148 

135-2 

60*2 

208 

190*0 

84-6 

268 

244-8 

109-0 

29 

26*5 

n*8 

89 

813 

36-2 

149 

136-I 

6o*6 

209 

1909 

85-0 

269 

•H57 

1094 

30 

27-4 

12*2 

90 

82*2 

36-6 

150 

I37-0 

6i*o 

210 

191*8 

85-4 

270 

2467 

109-8 

31 

28*3 

12*6 

91 

831 

37-0 

151 

137'9 

61*4 

211 

192*8 

8<;-8 

271 

2476 

HO-2 

32 

29*2 

13*0 

92 

840 

37*4 

152 

138-9 

6i-8 

212 

1937 

86-2 

272 

2485 

no-6 

33 

3o*i 

I34 

93 

85-0 

37-8 

153 

139-8 

62*2 

213 

194-6 

86-6 

273 

249-4 

III-O 

34 

311 

iy% 

94 

859 

38-2 

154 

140-7 

626 

214 

195*5 

87-0 

274 

250-3    111*4 

35 

32-0 

14*2 

96 

86-8 

386 

155 

141*6 

63-0 

216 

196-4 

87*4 

275 

251-2 

1119 

36 

32-9 

146 

96 

87-7 

39*0 

166 

142-5 

63.5 

216 

197*3 

87*9 

276 

252-1 

112-3 

87 

33-8 

15*0 

97 

88-6 

39'5 

157 

H3'4 

639 

217 

198-2 

88-3 

277 

253-1 

1127 

38 

34*7 

lS'S 

98 

89-5 

39"9 

158 

i44'3 

643 

218 

199*2 

88-7 

278 

2540 

113*1 

39 

356 

15-9 

99 

904 

40-3 

169 

H5'3 

647 

219 

200-I 

89-1 

279 

*54'9l  "3-5 

40 

36-5 

16-3 

100 

91-4 

407 

160 

146*2 

65-1 

220 

201*0 

89.5 

280 

255-8 

113*9 

41 

37*5 

167 

101 

92-3 

411 

161 

147- 1 

65*5 

221 

201-9 

899 

281 

256-7 

H4*3 

42 

38-4 

17*1 

102 

93-2 

4>-5 

162 

148-0 

659 

222 

202  *  8 

90-3 

282 

257-6 

114*7 

43 

39'3 

'7*5 

103 

94'  * 

419 

163 

148-9 

663 

223 

203*7 

90-7 

283 

258*5 

115-1 

44 

40*2 

17-9 

104 

95-0 

42-3 

164 

149-8 

66-7 

224 

204*6 

91-1 

284 

*59*4 

115-5 

45 

41*1 

18-3 

105 

95*9 

4*7 

165 

150-7 

67-1 

225 

205*5 

91-5 

285 

260*4 

1159 

46 

42*0 

187 

106 

96*8 

43*1 

166 

1516 

67-5 

226 

206-5 

919 

286 

261-3 

1163 

47 

42*9 

191 

107 

97'7 

43*5 

167 

1526 

67-9 

227 

207*4 

9*3 

287 

262-2 

1167 

48 

43*9 

19-5 

108 

98-7 

43*9 

168 

153*5 

68-3 

228 

208-3 

92*7 

288 

263*1 

1171 

49 

44-8 

199 

109 

99*6 

44*3 

169 

154*4 

68-7 

229 

209*2 

93*i 

289 

264*0 

117*5 

50 

457 

20*3 

110 

100-5 

447 

170 

155-3 

69-1 

230 

2IO-1 

93*5 

290 

264-9 

1180 

51 

46*6 

207 

111 

ioi*4 

45*1 

171 

156-2 

69-6 

231 

211-0 

94-0 

291 

265-8 

1184 

52 

47'5 

21*2 

112 

102-3 

45-6 

172 

157-1 

70*0 

232 

211-9 

94*4 

292 

266-8 

118*8 

53 

484 

21-6 

113 

103*2 

46-0 

173 

158*0 

70*4 

233 

212*9 

94*8 

293 

267*7 

119-2 

64 

49*3 

22'0 

114 

104' I 

46-4 

174 

159-0 

70*8 

234 

213-8 

952 

294 

268-6 

1196 

65 

50*2 

22'4 

115 

105-1 

46-8 

175 

159-9 

71*2 

235 

214-7 

95*6 

295 

269-5 

120*0 

56 

512 

22*8 

116 

106-0 

47-2 

176 

1608 

716 

236 

215-6 

96-0 

296 

270-4 

120*4 

67 

521 

232 

U7 

106-9 

47*6 

177 

161-7 

72*0 

237 

216-5 

96-4 

297 

2713 

120*8 

58     530 

23-6 

118 

107-8 

48 '0 

178 

162-6 

72*4 

238 

217-4 

968 

298 

272-2 

121*2 

59  .  53-9 

24*0 

119 

108-7 

48-4 

179 

163.5 

7**8 

239 

118-3 

97*2 

299 

273*2 

i*i-6 

60     54*8 

24-4 

120 

109*6 

48-8 

180 

164-4     73'2 

240 

219-3 

97-6 

300 

274-1 

122-0 

Dist  Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

66° 

4* 

24* 
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24° 

Ifc36m 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

801 

2750 

122*4 

361 

320-8 

146-8 

421 

3846 

1712 

481 

439*4 

1956 

541 

494-2 

2200 

302 

2759 

122*8 

362 

3307 

147-2 

422 

3855 

1716 

482 

440*3 

196-0 

542 

495*1 

220-4 

303 

2768 

I232 

363 

331-6 

1476 

423 

3864 

172-1 

483 

441*2 

1965 

548 

4960 

2209 

304 

2777 

1237 

364 

332  5 

148*1 

424 

387*3 

1725 

484 

4421 

1969 

544 

4969 

2213 

305 

2786 

124-1 

36.5 

3334 

1485 

425 

3882 

1729 

485 

443*o 

197*3 

545 

497*8 

2217 

306 

2795 

1245 

366 

3343 

1489 

426 

389-2 

173*3 

486 

444*o 

1977 

546 

4988 

222- 1 

307 

2804 

1249 

367 

335*3 

M9*3 

427 

3901 

1737 

487 

444*9 

198*1 

547 

499  7 

222'5 

308 

2814 

1253 

368 

336-2 

1497 

428 

3910 

174*1 

488 

445-6 

1985 

548 

5006 

222*9 

309 

2823 

1257 

369 

3371 

1501 

429 

391*9 

174*5 

489 

4467 

1989 

549 

5015 

223*3 

310 

2832 

1 26l 

370 

338o 
338-9 

150*5 
1509 

430 
431 

3928 

174*9 

490 

447*6 

1993 

550 

5024 

2237 

311 

284*1 

1265 

371 

3937 

1753 

491 

448-6 

1997 

551 

503*4 

224- 1 

312 

285-0 

1269 

272 

339-8 

151*3 

432 

394*6 

1757 

492 

449*5 

200*I 

552 

504*3 

2245 

313 

2859 

127-3 

373 

3407 

1517 

433 

3956 

1761 

493 

4504 

2OO5 

553 

5052 

2249 

314 

286-8 

1277 

374 

3417 

152*1 

434 

396*5 

176-5 

494 

451*3 

2OO9 

554 

5061 

225*3 

315 

287*8 

1281 

375 

3426 

1525 

435 

397*4 

1769 

495 

4522 

2013 

555 

5o7*o 

225*7 

316 

2887 

1285 

376 

3435 

1529 

436 

398-3 

177*3 

496 

4531 

20I7 

556 

507*9 

2261 

317 

2896 

128-9 

377 

344*4 

153*3 

437 

399*2 

1777 

497 

454*o 

202-2 

557 

5088 

2266 

318 

2905 

1293 

378 

345*3 

1537 

438 

400-1 

178*2 

498 

4549 

202  6 

558 

509*7 

2270 

319 

291-4 

129-8 

379 

3462 

154*2 

439 

401-0 

1786 

499 

4558 

2030 

559 

5106 

227-4 

320 

2923 

1302 

380 

347*1 
348i 

154*6 

440 

4020 

1790 

500 

4568 

2034 

560 

5ii"6 
512*5 

2278 
2282 

321 

2932 

130-6 

381 

1550 

441 

4029 

179*4 

501 

457*7 

203*8 

561 

322 

2942 

1310 

382 

349o 

155*4 

442 

4038 

1798 

502 

4586 

204-2 

562 

513*4 

2286 

323 

2951 

131  4 

383 

349*9 

155-8 

443 

4047 

1802 

503 

4595 

2046 

56** 

5143 

2290 

324 

2960 

1318 

384 

3508 

1562 

444 

4056 

iSo-6 

504 

4604 

205*0 

564 

5152 

2294 

325 

2969 

1322 

385 

351*7 

1566 

445 

4065 

1810 

505 

46i-3 

2054 

565 

5161 

2298 

326 

2978 

1326 

386 

3526 

1570 

446 

407*4 

1814 

506 

4622 

205*8 

566 

5170 

2302 

327 

2987 

133  0 

387 

353*5 

157*4 

447 

4083 

1818 

507 

4632 

206'2 

567 

5180 

2306 

328 

2996 

1334 

388 

3544 

157*8 

448 

4093 

1822 

508 

464*1 

206  6 

568 

5189 

2310 

329 

3005 

1338 

389 

355*4 

15!'? 

449 

4102 

1826 

509 

4650 

207  0 

569 

519-8 

2314 

330 

301-5 

134-2 

390 

356-3 

1586 

450 

4120 

1830 
1834 

510 
511 

4659 
4668 

2074 
207-8 

570 
571 

5207 
52 1*6 

2318 

331 

302-4 

134-6 

391 

357*2 

1590 

451 

2322 

332 

303*3 

I350 

392 

358-1 

159*4 

452 

4129 

1838 

512 

4677 

2o8*2 

572 

5225 

2327 

333 

3042 

1354 

393 

3590 

1598 

453 

413*8 

1843 

513 

468-6 

2087 

573 

5234 

2331 

334 

305-1 

1359 

394 

359*9 

1603 

454 

4H7 

1847 

514 

4695 

209  I 

574 

524*3 

233*5 

335 

3060 

136-3 

395 

3608 

1607 

455 

4157 

1851 

515 

47o-5 

2095 

575 

525*3 

233*9 

336 

306-9 

1367 

396 

3618 

1611 

456 

4166 

1855 

516 

4714 

209-9 

576 

5262 

234*3 

337 

3079 

1371 

397 

3627 

1615 

457 

4175 

1859 

517 

4723 

210-3 

577 

5271 

2347 

333 

3088 

'37'5 

398 

3636 

161  9 

458 

4184 

1863 

518 

473*2 

2IO7 

578 

5280 

235*1 

339 

3097 

1379 

399 

3645 

1623 

459 

4193 

186-7 

519 

474  1 

211*1 

579 

528-9 

235*5 

340 

3106 

1383 

400 
401 

3654 
3663 

1627 
1631 

460 
461 

4202 
42  iT 

187-1 

1875 

520 

475'0 

2115 
211-9 

580 

5298 

2359 
2363 

341 

31 15 

1387 

521 

4759 

581 

5308 

342 

312*4 

139  1 

402 

3672 

1635 

462 

4220 

1879 

522 

4768 

2123 

582 

5317 

2367 

343 

3133 

1395 

403 

3682 

1639 

463 

4230 

1883 

523 

4778 

212*7 

583 

5326 

2371 

344 

314-3 

1399 

404 

3691 

1643 

464 

4239 

1887 

524 

4787 

213*1 

584 

533*5 

2375 

345 

3152 

1403 

405 

37oo 

164*7 

465 

4248 

1891 

525 

4796 

2135 

585 

534  4 

2379 

346 

316*1 

1407 

406 

3709 

1651 

466 

4257 

1895 

526 

4805 

2139 

586 

5353 

2383 

347 

3170 

141-1 

407 

371*8 

165*5 

467 

4266 

1899 

527 

4814 

214*4 

587 

5362 

2388 

348 

3179 

141-5 

408 

3727 

1659 

468 

4275 

1904 

528 

4823 

214*8 

588 

537-1    2392 

349 

3188 

1420 

409 

373*6 

1664 

469 

428*4 

1908 

529 

483*2 

2152 

589 

538o 

2396 

350 

3197 

1424 
1428 

410 

3745 

_i66-8 
167*2 

470 
471 

4294 
430*3 

191-2 

530 

4842 

2156 

590 

5390 

2400 

351 

3206 

411 

375*5 

191-6 

531 

485*1 

2l6'0 

591 

539*9 

2404 

352 

3216 

H32 

412 

376'4 

1676 

472 

4312 

192-0 

532 

486*0 

2l6'4 

592 

540-8 

2408 

353 

322-5 

1436 

413 

3773 

1680 

473 

4321 

1924 

533 

4869 

2i6*8 

593 

541*7 

24 1*2 

354 

323'4 

1440 

414 

378-2 

1684 

474 

433o 

1928 

534 

487-8 

2172 

594 

5426 

24 1-6 

355 

3243 

144*4 

415 

3791 

1688 

475 

43.V9 

193*2 

535 

4887 

2176 

595 

5435 

2420 

356 

3252 

1448 

416 

3S00 

1692 

476 

434-8 

193  6 

536 

4896 

2180 

596 

5444 

2424 

357 

3261 

145-2 

417 

3809 

1696 

477 

435  8 

1940 

537 

490-6 

2184 

597 

545-4-  2428 

358 

3270 

1456 

418 

38 1  9 

1700 

47*8 

4367 

I94'4 

538 

491-5 

218-8 

598 

5463    243  2 

359 

3280 

146*0 

419 

3828 

1704 

479 

437*6 

1948 

539 

492*4 

2192 

599 

5472    2436 

360 

3289 

1464 

420 

3837 

1708 

480 

4385 

195-2 

540 

4933 

2196 

600 

548-1  ]  2440 

Diet 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lar. 

Disc 

Dtp. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

GG° 

4h24m 

480 


TABLE  1 


TRAVERSE  TABLE  TO  DEGREES 

25°                                                lb  40BB 

Dist.JD.Lftt 

Dep. 

Diat 

D.Lat 

Dep. 

Diet 

.D.Latj  Dep. 

Diat  D.Lat 

Dep. 

Diat  D.  Lat 

.    Dep. 

1  1    o«9 

°'4 

61 

55*3 

*l*8 

2D*2 

121 

*°9*7 

511 

181 

164-0 

765 

241 

218*4 

101*9 

2  1    r8 

o*8 

62 

562 

122 

iio*6 

51-6 

182 

1649 

76*9 

242 

2193 

102-3 

3  ,'    27 

**3 

63 

57*i 

26*6 

123 

iii*5 

52*0 

183 

1659 

77*3 

243 

220-2 

102-7 

4     ye 

•'7 

64 

58-0 

27^0 

124 

1124 

5*'4 

184 

166-8 

77-8 

244 

22 1- 1 

103*1 

5 

4*5 

2*1 

66 

58-9 

*7'5 

125 

113*3 

528 

185 

167-7 

78-2 

245 

222*0 

103*5 

6 

5'4 

*'5 

66 

59*8 

27*9 

126 

1 142 

53#* 

186 

1686 

78*6 

246 

223*0 

1040 

7 

6'3 

3*0 

67 

607 

2!'3 

127 

1151 
116*0 

53*7 

187  i  169-5 

79*0 

247 

223*9 

1044 

8 

7*3 

34 

68 

6i*6 

287 

128 

54* 

188 

170*4 

79*5 

248 

2248 

104*8 

9 

8-i 

3'8 

69 

625 

29*2 

129 

nf  9 

54*5 

189 

171*3 

79*9 

249 

225-7 

105*2 

10 

9-i 

4-2 

70 

63> 

29*6 

130 

1178 

549 

190 

172*2 

80*3 

250 

2266 

1057 

11 

lO'O 

4«6 

71 

64.3 

30*0 

131 

n8*7 

55*4 

191 

I73'i 

807 

251 

227*5 

106*1 

12 

io*9 

5* 

g 

65.3 

30*4 

132 

119*6 

55-8 

192 

174*0 

811 

262 

228-4 

106*5 

13 

5*5 

66-2 

30*9 

133 

120*5 

56-2 

193 

*74*9 
I75'8 

8i*6 

263 

2293 

106-9 

14 

I2'7 

I'9 

74 

6T 1 

3*'3 

134 

121*4 

566 

194 

82*0 

254 

230-2 

107*3 

16 

136 

63 

76 

68-o 

3**7 

135 

122*4 

57-1 

195 

176*7 

82*4 

255 

2311 

107*8 

16 

*4*5 

6-8 

76 

689 

32*  1 

136 

I233 

57*5 

196 

177-6 

82*8 

256 

232*0 

108*2 

17 

T4 
16*3 

7-2 

77 

698 

3**5 

137 

124*2 

57*9 

197 

178*5 

833 

267 

232-9 

1086 

18 

7*6 

78 

70-7 

330 

138 

126'0 

58-3 

198 

'79*4 

83-7 

258 

2338 

109-0 

19 

17-2 

8*o 

79 

71*6 

33*4 

139 

58-7 

199 

180-4 

841 

259 

*34*7 

1095 

20 

18*1 

8*5 

80 

72*5 

33-8 

140 

126*9 

59*2 

200 

181-3 

84-5 

200 

2356 

109*9 

21 

190 

8-9 

81 

73'4 

34* 

141 

127*8 

59*6 

201 

182-2 

84-9 

261 

236-5 

110*3 

22 

19-9 

9*3 

82 

74-3 

34*7 

142 

128*7 

6o*o 

202 

183*1 

854 

262 

*37*5 

1107 

23 

20-8 

9*7 

83 

75-2 
761 

35'i 

143 

129*6 

60-4 

203 

184-0 

858 

263 

2384 

iii*i 

94 

21'8 

IO*I 

84 

35*5 

144 

I3O5 

60-9 

204 

184-9 

86*2 

264 

2393 

iii*6 

2ft 

22*7 

io*6 

85 

77*0 

35-9 
36*3 

145 

I3I-4 

61-1 

205 

185*8 

86*6 

265 

240-2 

112*0 

26 

23*6 

II'O 

86 

77*9 

146 

132*3 

61*7 

206 

186*7 

87-1 

266 

241-1 

1124 

27 

•H'5 

1 1-4 

87 

788 

368 

147 

133*2 

62-1 

207 

187-6 

87-5 

267 

242-0 

112*8 

28 

3I'4 
26-3 

n*8 

88 

79*8 

37*2 

148 

134*1 

62-5 

208 

188-5 

87-9 

268 

242*9 

**3'3 

29 

123 

89 

807 

37-6 

149 

135*0 

63-0 

209 

1894 

88*3 

209 

243-8 

1137 

30 

27-2 

I2'7 

90 

8i*6 

38*0 

150 

*35*9 

634 

210 

190*3 

88*7 

270 

»44'7 

1 14- 1 

31 

281 

131 

91 

82.5 

38-5 

151 

1369 

63-8 

211 

191*2 

89*2 

271 

2456 

114-5 

32 

29*0 

•35 

92 

83*4 

38*9 

152 

137-8 

64» 

212 

192*1 

89*6 

272 

246-5 

1 1 5*0 

33  •  29-9  "  13-9 

93 

!4'3 

39*3 

153 

138*7 

647 

213 

1930 

90-0 

273 

247*4 

1154 

34 

30-8 

14-4 

94 

!P 

39'7 

164 

139*6 

«S-i 

214 

«93'9 

90*4 

274 

2483 

115*8 
116-2 

36 

3i*7 

14-8 

95 

86- 1 

4o#i 

155 

140-5 

«s$ 

215 

194*9 

90*9 

275 

249* 

36 

32-6 

15-2 

96 

87-0 

40*6 

156 

141*4 

&: 

216 

195*8 
1967 

9*3 

276 

250-1 

1166 

37 

33*5 

15-6 

97 

87*9 

410 

157 

142*3 

217 

91-7 

277 

251-0 

1171 

38 

54*4 

16*1 

98 

88-8 

4*4 

158 

143-2 

66*8 

218 

197-6 

921 

278 

252*0* 

117*5 

39 

35*3 

16.5 

99 

89-7 

4r8 

159 

144*1 

67-2 

219 

198-5 

92*6 

279 

2529 

117*9 

40 

36-3 

xo*9 

100 

90*6 

4**3 

160 

145*0 

676 

220 

*99'4 

930 

280 

*53*8 

118*3 

41 

37*2 

»7*3 

101 

915 

4**7 

161 

*45'9 

680 

221 

200-3 

934 

281 

*54*7 

iiS*8 

42 

38i 

177 

102 

92-4 

43*  * 

162 

1468 

68*5 

222 

20 1 -2 

938 

282 

255-6 

119*2 

43 

39-0 

lg*2 

103 

93'3 

43'5 

163 

-47*7 

68*9 

223 

202*1 

942 

283 

256-5 

119*6 

44 

39*9 

186 

104 

943 

440 

164 

i486 

693 

224 

203*0 

94*7 

284 

*57'4 

120*0 

46 

40*8 

19*0 

105 

952 
96*1 

444 

165 

*49*5 

69*7 

225 

203*9 

95*1 

285 

258-3 

120*4 

46 

417 

19-4 

106 

44*8 

166 

150-4 

70*1 

226 

2048 

95*5 

286 

2592 

I2O-9 

47 

42*6 

199 

107 

97.0 

45** 

167 

151*4 

70*6 

227 

20J*7 

206*6 

95*9 

287 

260-1 

121*3 

48 

43*5 

20*3 

108 

97*9 

456 
461 

168 

152-3 

71-0 

228 

96-4 

288 

261-0 

1217 

49 

44'4 

207 

109 

988 

169 

1532 

7i'4 

229 

207*5 

96-8 

289 

261*9 
2628 

122*1 

60 

45*3 

21*1 

110 

99*7 

46*5 

170 

154*1 

718 

230 

208  •  5 

97*2 

290 

122*6 

61 

46-2 

216 

111 

ioo*6 

469 

171 

155-0 

72*3 

231 

209*4 

976 

291 

263-7 

123*0 

62 

47*i 

21"0 

112 

101*5 

47*3 

172 

»55*9 

156*8 

72-7 

232 

210*3 

98*0 

292 

2646 

1234 

63 

48*0 

22'4 

113 

102*4 

47-8 

173 

73'« 

233 

211-2 

985 

293 

2655 

123*8 

64 

48-9 

22*8 

114 

103-3 

48*2 

174 

157*7 

73*5 

234 

212*1 

98-9 

294 

2665 

124*2 

66 

498 

23'2 

115 

104*2 

486 

176 

158*6 

74*0 

235 

213-0 

99*3 

295 

267-4 

124*7 

66 

50*8 

23-7 

116 

105*1 

49*0 

176 

159*5 

160*4 

74*4 

236 

213O 
214*1 

99*7 

296 

268-3 

1251 

67 

5**7 

24' I 

117 

106*0 

49*4 

177 

74*8 

237 

100*2 

297 

269*2 

125-5 

58 

52-6 

*4*5 

118 

106*9 

49*9 

178 

161-3 

75*2 

238 

2157 

116-6 

ioo'6 

298 

270-1 

125*9 

59 

53*5 

24-9 

119 

107*9 

50*3 

179 

162-2 

72* 
76*  1 

239 

ioi-o 

299 

271*0     116*4 

60 

54'4 

*5'4 

120 

108*8 

50*7 

180 

163*1 

240 

217*5 

101*4 

300 

271*9  '  126-8 

Diat. 

Dep. 

D.Lat 

Dirt. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Ut 

Diat 

Dep. 

D.  Lat. 

Diat. 

Dep.  D.  Lat 

65°                                               4b  20"° 

TABLE  1 

481 

TRAVERSE  TABLE  TO  DEGREES 

26°                                                   1*  40" 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lftt. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Ut 

Dep. 

301 

8728 

127-2 

361 

3271 

152*5 

421 

38r5 

1779 

481 

4359 

2033 

541 

490*3 

2286 

302 

2737 

127-6 

362 

328*) 

i53*o 

422 

382-4 

1783 

482 

436  8 

2037 

542 

491*2 

229*0 

303 

2746 

128-0 

363 

3290 

153*4 
153*8 

423 

3833 

1787 

483 

43H 

204-1 

543 

4921 

2294 

304  ]  2755 

1284 

364 

329*9 

424 

3*4*2 

179*2 

484 

4386 

2045 

544 

493*0 

2299 

305 

276-4 

128-9 

365 

330-8 

154-2 

425 

3!ff 

1796 

485 

439*5 

2049 

545 

493*9 

2303 

306 

277*3 

1293 

366 

3317 

154*6 

426 

3860 

1800 

486 

4404 

2054 

546 

494*8 

230-7 

307 

2782 

1297 

867 

332*6 

155-1 

427 

3870 

1804 

487 

441*3 

2058 

547 

4957 

231-1 

308 

2791 

130-1 

368 

3335 

155-5 

428 

3!r? 

180-9 

488 

4422 

206'2 

548 

4966 

2316 

309 

2800 

1306 

369 

3344 

155*9 

429 

3888 

181-3 

469 

4431 

206  6 

549 

497*5 

232-0 

310 

2809 

1310 

370 

335*3 

1563 

430 

389*7 

1817 

490 

444*0 

207*1 

550 

498*4 

2324 

311 

2818 

131*4 

371 

33*5*2 

156-8 

431 

3906 

182-1 

491 

444*9 

2075 

551 

499*3 

2328 

312 

2827 

1318 

372 

337*1 

1572 

432 

3915 

1825 

492 

445*9 

2079 

552 

500-2 

233*2 

313 

283-6 

132-3 

373 

338-o 

1576 

433 

3924 

1830 

493 

4468 

2083 

553 

501-1 

2337 

314 

a«4*5 

1327 

374 

3389 

1580 

434 

393*3 

183*4 

494 

4477 

2087 

554 

502*0 

2341 

315 

2854 

133*1 

375 

339*8 

158-5 

435 

394*2 

1838 

495 

448*6 

209-1 

555 

5030 

2345 

316 

2864 

133*5 

376 

3407 

1589 

436 

395*1 

1842 

496 

449'5 

2096 

556 

503*9 
5048 

2350 

*17 

2873 

1339 

377 

341-6 

1593 

437 

396-0 

1847 

497 

450-4 

2100 

557 

2354 

318 

2882 

134*4 

378 

342*5 

1597 

438 

396-9 

185-1 

498 

451*3 

210-4 

558 

5057 

235*8 

319 

289-1 

134*8 

379 

343*5 

160*1 

439 

397*8 

1855 

499 

4522 

2109 

559 

5066 

2362 

320 

2900 

«35*2 

380 

344*4 

1606 

440 

3987 

1859 

500 

453*1 

2113 

560 

507*5 

2366 

321 

2909 

135*6 

381 

345*3 

161  -o 

441 

399*6 

186*3 

501     454*0 

2117 

561 

508-4 

2371 

322 

2918 

1361 

382 

3462 

161 '4 

442 

4006,  1868 

502    454*9 

212*1 

562 

509-3 

2375 

323 

2927 

136-5 

383 

347*1 

1618 

443 

4015    1872 

503 

455*8 

212*5 

563 

5102 

237*9 

324 

2936 

1369 

384 

3480 

1623 

444 

402-4  J  187-6 

504 

4567 

2I30 

564 

5111 

2383 

325 

294-5 

1373 

385 

3489!  1627 

445 

4033    1880 

505 

4577 

213*4 

565 

5120 

2387 

326 

2954 

1377 

386 

349*8 

1631 

446 

404-2!  1885 

506 

458*6 

2138 

566 

5129 

239a 

327 

2963 

1382 

387 

3507 

1635 

447 

4051     1889 

507 

459*5 

214-2 

567 

5138 

239*6 

328 

2972 

i#'6 

388 

351*6 

1639 

448 

406-0    189-3 

508    4604 

2147 

568 

5 '4*8 

240-1 

329 

2981 

1390 

389 

352*5 

1644 
164-8 

449 

406-9'  1897 

509     4613 

215  I 

569 

5157 

2405 

330 

2990 

139*4 

390 

353*4 

450 

407-8 
4087 

190*1 

510 

4622 
"4631 

2155 

570 

5166 

2409 

331 

300-0 

1399 

391 

3543 

1652 

451 

1906 

511 

215*9 

571 

517-5 

2413 

332 

3009 

1403 

392 

355*2 

1656 

452 

409-6 1  191-0 

512 

4640 

216-4 

572 

5i8*4 

2417 

333 

3018 

140-7 

393 

356i 

1661 

453 

4105    191*4 

513 

4649 

2i6'8 

573 

519*3 

242- 1 

334 

3027 

141*1 

394 

3570 

1665 

454 

41 14    1918 

514 

4658 

217-2 

574 

5202 

2426 

335 

3036 

1415 

395 

358o 

1669 

455 

4123    1923 

515 

4667 

2177 

575 

521-1 

243*o 

336 

3045 

142-0 

S96 

358  9 

1673 

456 

413-2!  1927 

516 

4676 

2181 

576 

5220 

243*4 
243*8 

337 

305*4 

142-4 

397 

359*8 

1677 

457    4141  1  !93*1 

517 

4685 

2185 

577 

5229 

338 

3063 

1428 

398 

3607 

1682 

458 !  4151     193*5 

518 

469-4 

2189 

578 

523*8 

244M 

339 

307-2 

143*2 

399 

361*6 

1686 

459    4160I   194-0 

519 

47o-3 

219*3 
2198 

220'2 

579 

5247 

2447 

340 

3081 

1437 

400 

3625 
3"634 

169-0 
1694 

460    416-9;  194*4 

520 
521 

471-2 

4722 

580 

5256 

2451 

341 

3090 

I44'i 

401 

461 

4178 

1948 

581 

5265 

245*5 

342 

3099 

144*5 

402 

3643 

1699 

462 

4187 

1952 

522 

473*1 

220'6 

582 

527*4 

2460 

343 

3108 

144*9 

403 

3652 

170*3 

463 

4196 

195*6 

523 

474*0 

22I-0 

588 

528-3 

2464 

344 

3»7 

H5'4 

404 

366-1 

1707 

464 

4205 

196-I 

524 

474*9 

221*4 

584 

5293 

2468 

345 

312-6 

145*8 

405 

367-0 

171-1 

465 

4214 '  1965 

525 

475*8 

221*9 

585 

5302 

247*2 

346 

3135 

146-2 

406 

367*9 

171-6 

466    4223 

1969 

526 

476*7 

222*3 

586 

53ii 

2477 

347 

314-5 

1466 

407 

368-8 

172-0 

467     423  2 

197*3 

527 

477*6 

222*7 

587 

5320 

2481 

348 

3154 

1470 

408 

3697 

1724 

468    4241 

197*8 

528 

478*5 

223*2 

588 

532*9 

248-5 

349 

316-3 

147*5 

409 

370-6 

172-8 

469     4250 

198-2 

529 

479*4 

223*6 

589 

533*8 

2489 

350 
351 

317*2 
318-1 

147*9 

410 

371*5 

1732 

470 
471 

4259 

1986 

530 

48o-3 

224'0 

590 

5347 
535*6 

2494 

249*8 

1483 

411 

372-5 

173*7 

4268 

1990 

531 

4812 

2244 

591 

352 

3190 

1487 

412  1  373*4 

174*1 

472 

42771  1994 

532 

4821 

224*8 

592 

536*5 

250-2 

353 

3199 

149*2 

413     374-3 

174*5 

473 

4286    1999 

533 

483-0 

2253 

593 

537*4 

2506 

354 

3208 

1496 

414 

375*2 

174*9 

474 

4296J  2003 

534 

*&i 

2257 

594 

538*3 

251  1 

355 

3217 

150-0 

415 

3761 

175*4 

475 

430-5 

2007 

535 

484-8 

226' I 

595 

539*2 

251-5 

356 

322-6 

1504 

416 

377-o 

175-8 

476 

431*4 

201  •  1 

536 

4857 

226*5 

596 

540-1 

2519 

357 

323*5 

1508 

417 

377*9 

1762 

477 

432*3 

201  -6 

537 

4867 

226*9 

597 

54IO 

2523 

358 

3244 

1513 

418 

3788 

1766 

478 

433*2 

2020 

538 

487*6 

2274 

598 

541*9 

2527 

359 

325*3 

1517 

419 

3797 

1770 

479 

434*1 

202*4 

539 

4885 

2278 

599 

5428 

2S3I 

360 

326*2 

1521 

420 

3806 

1775 

480 
Dist. 

435*o 

202'8 

540 

4894 

228-2 
D.Lat 

600 

543*8 

2536 

Dist 

Dep. 

D.  Lat. 

Diflt 

Dep. 

D.  Lat. 

Dep. 

D.Lat. 

Dist 

Dep. 

Dist. 

Dep. 

D.Lat. 
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36° 

1*44" 

DMt 

D.Ut 

Dep. 

Ditt. 

D.Ut. 

Dep. 

Ditt 

D.Lat 

Dep. 

Ditt 

D.Ut 

Dep. 

Ditt 

D.Ut. 

Dep. 

1 

0-9 

0-4 

61 

54-8 

26*7 

121 

io8'8 

53*0 

181 

162*7 

79*3 

241 

216*6    105*6 

2 

i*8      o*9 

62 

55*7 

27*2 

122 

109*7 

53' 5 

182 

163*6 

79*8 

242 

217-5 

106*1 

3 

*'7 

i*3 

63 

56-6 

27*6 

123 

no-6 

53*9 

183 

164*5 

80*2 

243 

218*4 

106-5 

4 

r« 

V* 

64 

srs 

28- 1 

124 

m*5 

54'4 

184 

1654 

80*7 

244 

219.3 

107-0 

6 

4' 5 

2'2 

66 

S«-4 

28*5 

125 

112*3 

54*8 

185 

166*3 

811 

246 

220'2 

107-4 

6 

5*4 

2*6 

66 

59*3 

28*9 

126 

113*2 

55* 

186 

167*2 

8i-5 

246 

221*1 

107*8 

7 

*3 

3'* 

67 

602 

29*4 

127 

114*  1 

55*7 

187 

168-1 

82-0 

247 

222*0 

108-3 

8 

7*2 

3*5 

68 

611 

29*8 

128 

115*0 

561 

188 

169-0 

824 

248 

222*9 

1087 

9 

8- 1 

3*9 

69 

62*0 

30*2 

129 

115-9 

1168 

5*5 

189 

169-9 

82*9 

249 

223-8 

109*2 

10 

90 

4*4 

70 

62*9 

307 

130 

57-o 

190 

170*8 

8r3 

260 

2247 

109-6 

11 

99 

4*8 

71 

63-8 

31-1 

131 

117*7 

57'4 

191 

171*7 

83-7 

261 

225*6 

110*0 

12 

io-8 

5*3 

72 

64-7 

316 

132 

1186 

57*9 

192 

172*6 

84-2 

252 

226*5 

110*5 

13 

l  VI 

5*7 

73 

K 

32*0 

133 

119*5 

58-3 

193 

173*5 

84'6 

263 

227-4 

110*9 

14 

12*6 

6-i 

74 

324 

134 

120*4 

58-7 

194 

174*4 

85-0 

254 

228-3 

in-3 

15 

135 

6*6 

75 

67-4 

329 

135 

1213 

59*2 

195 

175-3 

85'5 

265 

229-2 

111*8 

16 

H'4 

7-0 

76 

68-3 

33*3 

136 

122*2 

£! 

196 

176*2 

85-9 
86-4 

266 

230- 1 

112-2 

17 

I5'3 

7*5 

77 

692 

33*8 

137 

123*  I 

197 

177-1 

257 

231*0 

1127 

18 

162 

7'9 

78 

70-1 

34** 

138 

124-0 

60-5 

198 

178*0 

86-8 

258 

231-9 

113*1 

19 

17- 1 

8'3 

79 

71*0 

34*6 

139 

1249 

6o-9 

199 

178-9 

87*2 

259 

232-8 

113*5 

20 

18-0 

8-8 

80 

71-9 

35« 

140 

125*8 

61-4 

200 

179*8 

87*7 

260 

*33'7 

114*0 

21 

18*9 

9*2 

81 

72-8 

35*5 

141 

126*7 

6r8 

201 

180*7 

88*  1 

261 

234*6 

1144 

22 

19*8 

96 

82 

73*7 

35-9 
364 

142 

127*6 

6v» 

202 

181-6 

886 

262 

»35'5 

114*9 

23 

20*7 

10*  1 

83 

74-6 

143 

1285 

6*- 7 

203 

1825 

89*0 

263 

2364 

1153 

24 

21*6 

105 

84 

76-4 

368 

144 

129-4 

6ji 

204 

183-4 

89*4 

264 

*37*3 

■157 

26 

22'5 

II'O 

85 

37*3 

146 

130-3 

63« 

205 

184-3 

899 

265 

238*2 

1 1 6*2 

26 

*3"4 

ii'4 

86 

77*3 

37*7 

146 

131-2 

«4-o 

206 

1852 

90*3 

TOO 

239. 1 

1166 

27 

*4*3 

118 

87 

78*a 

381 

147 

132-1 

«44 

207 

186*  1 

90*7 

267 

240*0 

117-0 

28 

252 

123 

88 

79' 1 

38*6 

148 

133-0 

«o 

206 

186*9 

91*2 

268 

240-9 

117-5 

29 

261 

I2'7 

89 

8o*o 

39-0 

149 

'33'9 

«SJ 

209 

1878 

91-6 

269 

241-8 

1179 

30 

27*0 

132 

90 

80^ 

395 

150 

134-8 

65-8 

210 

188*7 

021 

270 

242*7 

n8'4 

31 

»7'9 

13-6 

91 

8r8 

39'9 

151 

135*7 
136*6 

66* 

211 

189*6 

92-5 

271 

2436 

118*8 

32 

288 

14*0 

92 

82-7 

403 

162 

66-6 

212 

190*5 

92*9 

272 

*44#5 

119*2 

33 

297 

14*5 

93 

836 

40*8 

163 

137*5 

67- 1 

213 

1914 

93-4 

273 

•H54 

119*7 

34 

30*6 

14-9 

94 

84-5 

41*2 

154 

138-4 

67-5 

214 

192-3 

93*8 

274 

246-3 

120-I 

35 

31*5 

>5'3 

96 

85*4 

41*6 

155 

139*3 

679 

216 

193*2 

94-2 

275 

247-2 

120*6 

36 

3**4 

15-8 

96 

863 

42-1 

156 

140*2 

68-4 

216 

1941 

94*7 

276 

248-1 

121*0 

37 

333 

162 

97 

«7't 

4**5 

167 

141-1 

68-8 

217 

195*0 

95'i 

277 

249*0 

121-4 

38 

34* 

16*7 

98 

881 

43-0 

168 

142*0 

693 

218 

195-9 

956 
96*0 

278 

2499 

121*9 

39 

36*0 

17-1 

99 

890 

43*4 

159 

142-9 

69-7 

219 

196-8 

279 

250-8 

122*3 

40 

17-5 

100 

899 

43-8 

160 

143-8 

70*I 

220 

197*7 

96-4 

280 

251-7 

122*7 

41 

36-9 

180 

101 

908 

44*3 

161 

144*7 

70*6 

221 

198*6 

96*9 

281 

252-6 

123*2 

42 

37*7 

184 

102 

91-7 

44*7 

162 

,4£6 
146-5 

7I*0 

222 

199-5 

97*3 

282 

*53*5 

123*6 

43 

386 

188 

103 

92-6 

45* 

163 

71*5 

223 

200*4 

97*8 

283 

*54*4 

124*1 

44 

39' 5 

19-3 

104 

93'5 

456 

164 

147*4 

71*9 

224 

201*3 

982 

284 

*55-3 
256*2 

124*5 

45 

40-4 

19*7 

106 

94'4 

46*0 

166 

148-3 

72-3 

225 

202*2 

986 

285 

1249 

46 

4>'3 

20*2 

106 

95  3 

46-5 

166 

1492 

72-8 

226 

203*1 

99- 1 

286 

257*1 

1254 

47 

42*2 

20*6 

107 

96-2 

46*9 

167 

150*  1 

73'* 

227 

204*0 

99*5 

287 

2580 

125*8 

48 

43*  1 

21*0 

108 

97'i 

47*3 

168 

151-0 

73*6 

228 

204.9 

99*9 

288 

2589 

126-3 

49 

44"o 

21-5 

109 

98-0 

47-8 

169 

151*9 

74*1 

229 

205'8 

100*4 

289 

2598 

126*7 

50 

44*9 

21'9 

no 

98-9 

48-2 

170 

152*8 

74'5 

230 

206*7 

ioo*8 

290 

260*7 

127-1 

51 

45*8 

22'4 

111 

998 

48-7 

171 

153*7 

75*0 

231 

207*6 

101*3 

291 

261*5 

127*6 

52 

46-7 

22-8 

112 

100*7 

49*1 

172 

154*6 

75*4 

232 

208 '5 

101*7 

292 

262*4 

I28'0 

53 

47-6 

23*2 

113 

ior6 

49*5 

173 

155-5 

7i'8 

76-3 

233 

209*4 

102M 

293 

263*3 

128*4 

54 

48-5 

*3'7 

114 

102*5 

50*0 

174 

1564 

234 

210*3 

102*6 

294 

264*2 

1289 

55 

49*4 

24*1 

116 

103-4 

50*4 

175 

157*3 

76*7 

236 

211*2 

103*0 

295 

26c*  1 
266-0 

129*3 

66 

50-3 

*4*5 

116 

1043 

50*9 

176 

158*2 

77-2 

236 

212*1 

103*5 

296 

129*8 

67 

512 

25*0 

117 

105*2 

5*'3 

177 

159*1 

77*6 

237 

2I3*0 

103*9 

297 

266*9 

130*2 

68 

52-1 

*5'4 

118 

106*1 

5"*7 

178 

160*0 

78-0 

238 

213*9 

io4*3 

298 

2678 

130*6 

69 

530 

*5*9 

119 

107*0 

52*2 

179 

160*9 

78*5 

239 

214*8 

104*8 

299 

2687 

I31-I 

60 

53*9 

26*3 

120 

107*9 

52*6 

180 

1618 

78-9 

240 

2157 

105*2 

300 

269*6 

131*5 

Pitt. 

D*P. 

D.Ut 

Ditt. 

Dep. 

D.Lat 

Ditt 

Dep. 

D.Ut. 

Ditt 

Dep.  j 

D.Ut. 

Ditt 

Dep. 

D.Ut. 

64 

4*  IB* 

TABLE  1 

483 

TRAVERSE  TABLE 

TO  DEGREES 

26° 

lh44*» 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

270*5 

1320 

361 

3245 

158*3 

421 

378*4 

1846 

481 

4323 

210*9 

541 

4862 

237-2 

802 

271*4 

1324 

362 

325-4 

1587 

422 

379*3 

185-0 

482 

433  2 

211*3 

542 

4871 

2376 

803 

2723 

1328 

363 

3263 

159*1 

423 

380-2 

185-4 

483 

4341 

2117 

543 

4880 

238*0 

804 

273*2 

133-3 

364 

327*2 

159*6 

424 

38n 

1859 

484 

435*o 

212-2 

544 

4889 

2385 

805 

274*1 

1337 

365 

3281 

1600 

425 

382*0 

1863 

485 

435*9 

212*6 

545 

4898 

2389 

806 

275'° 

I34*i 

366 

3290 

160*4 

426 

3829 

1867 

486 

436*8 

213*0 

546 

4907 

239*3 

307 

*75'9 

134*6 

367 

3299 

160-9 

427 

383*8 

1872 

487 

4377 

213*5 

547 

4916 

239*8 

808 

2768 

1350 

368 

330-8 

1613 
1618 

428 

3847 

1876 

488 

438*6 

2139 

548 

4925 

240-2 

809 

2777 

135*5 

369 

3317 

429 

385-6 

188  1 

489 

439*5 

2144 

549 

4934 

240*7 

310 

2786 

135*9 

370 

332*6 

162-2 

430 

386*5 

1885 

490 

4404 
441*3 

2148 

550 

494*3 

2£I*I 

311 

2795 

1363 

371 

333*5 

1626 

431 

3!r4 

188-9 

491 

2152 

551 

495*2 

241*5 

312 

280-4 

1368 

872 

3344 

1631 

432 

3883 

1894 

492 

442*2 

2157 

552 

496-1 

2420 

313 

281-3 

1372 

373 

335  3 

163-5 

433 

3892 

1898 

493 

443*1 

2161 

553 

4970 

242-4 

314 

282-2 

1377 

374 

336-2 

1640 

434 

3901 

1903 

494 

4440 

216-6 

554 

497*9 

242*9 

815 

2831 

1381 

375 

3371 

1644 

435 

3910 

1907 

495 

444*9 

217-0 

555 

4988 

243M 

816 

284*0 

1385 

376 

338o 

164*8 

436 

391*9 
3928 

191-1 

496 

445*8 

217-4 

556 

499*7 

243*7 

817 

2849 

1390 

877 

338*9 

1653 

437 

191-6 

497 

4467 

217*9 

557 

5006 

244*2 

818 

285-8 

139*4 

378 

339*8 

1657 

438 

3937 

192*0 

498 

447*6 

218*3 

558 

501-5 

244*6 

319 

2867 

139*8 

379 

340*7 

1 66-2 

439 

394*6 

1924 

499 

448-5 

2187 

559 

502-4 

245*o 

320 

287-6 

1403 

380 

341-5 

1666 

440 

395*5 
396-4 

1929 

500 

4494 

219-2 

560 

503*3 

2455 

321 

2885 

1407 

881 

342*4 

167*0 

441 

193-3 
193*8 

501 

45°*3 

2196 

561 

5042 

2459 

822 

2894 

141-2 

382 

343*3 

167-5 

442 

397-3 

502 

451-2 

220-1 

562 

505*i 

2464 

323 

2903 

141*6 

383 

344'2 

167-9 

443 

3982 

194*2 

503 

452-1 

220*5 

563 

5060 

2468 

324 

291*2 

142*0 

384 

3451 

1683 
168*8 

444 

399*1 

1947 

504 

453*0 

221*0 

564 

506*9 

247*3 

325 

292-1 

142*5 

885 

346o 

445 

400-0 

1951 

505 

453*9 

221*4 

565 

5078 

2477 

326 

293-0 

1429 

386 

3469 

169*2 

446 

4009 

195*5 

506 

454*8 

221*8 

566 

5087 

2481 

327 

293  9 

*43*4 

387 

347*8 

1697 

447 

401-8 

196-0 

507 

4557 

222'3 

567 

5096 

2486 

328 

2948 

143*8 

388 

348*7 

170-1 

448 

4027 

196-4 

508 

456*6 

222'7 

568 

510*5 

2490 

329 

2957 

144*2 

389 

349*6 

170*5 

449 

4036 

196-8 

509 

457*5 

2231 

569 

5»4 

2494 

330 
331 

2966 

1447 

390 

350'5 

171-0 
17^4 

450 

404-5 

197-3 

510 

458*4 
459*3 

223-6 
2240 

570 
571 

512*3 
5132 

249*9 
2503 

2975 

145*1 

391 

35M 

451 

4054 

1977 

511 

332 

2984 

1456 

392 

3523 

171* 

452 

4063 

198-1 

512 

460-2 

2244 

572 

514-1 

2508 

333 

299*3 

146*0 

393 

353'2 

172-3 

453 

407-2 

1986 

513 

461*1 

2249 

573 

5150 

2512 

334 

3002 

1464 

394 

3541 

1727 

454 

4081 

199*0 

514 

462*0 

225-3 
2258 

574 

5I!'§ 

2516 

335 

301- 1 

1469 

895 

355*o 

173*2 

455 

409-0 

199*5 

515 

4629 

575 

5168 

252*1 

336 

302-0 

147*3 

396 

355*9 

173*6 

456 

4099 

199*9 

516 

4638 

226-2 

576 

5177 

2525 

337 

3029 

1477 

397 

3568 

i74*o 

457 

410-8 

2003 

517 

4647 

226-6 

577 

5186 

2529 

338 

3038 

1482 

398 

3577 

174*5 

458 

411*7 

2008 

518 

4656 

227- 1 

573 

519*5 

253*4 

339 

3047 

i486 

899 

358*6 

174*9 

459 

412*6 

20 1 '2 

519 

4665 

227-5 

579 

5204 

253-8 

340 

3056 

149-0 

400 

359*5 

175*4 

460 

413*5 

2017 
2021 

520 
521 

467-4 

228-0 

580 

5213 

254*3 
2547 

?41 

3065 

149*5 

401 

3604 

175*8 

461 

4144 

4683 

2284 

581 

5222 

342 

307*4 

149*9 

402 

3613 

1762 

462 

4152 

2025 

522 

4692 

2288 

582 

5231 

255*1 

343 

3083 

15°'4 

403 

3622 

176-7 

463 

416*1 

2030 

523 

4701 

2293 

583 

524*0 

255:6 

344 

309*2 

1508 

404 

3631 

177*1 

464 

4170 

2034 

524 

4710 

2297 

584 

524*9 

2560 

345     310*1 

1512 

405 

3640 

1775 

465 

4179 

2038 

525 

471-9 

2301 

585 

525-8 

2564 

346 

3»*o 

1517 

406 

3649 

178*0 

466 

418-8 

204-3 

526 

472*8 

230-6 

586 

526-7 

2569 

347 

3"*9 

1 52- 1 

407 

365-8 

178*4 

467 

4197 

2047 

527 

4737 

2310 

587 

5276 

25*3 

348 

3128 

1526 

408 

366-7 

1789 

468 

420-6 

205-2 

528 

4746 

2315 

588 

528-5 

2578 

349 

313  7 

1530 

409 

367*6 

179*3 

469 

421-5 

205-6 

529 

475*5 

231-9 

589 

529-4 

2582 

350 

3*4-6 

153*4 

410 

368-5 

1797 

470 
471 

4224 
423*3 

2060 

530 

476-4 
477*3 

2323 

590 

530*3 

2586 

351 

3155 

153*9 

411 

369*4 

1802 

2065 

531 

2328 

591 

531*2 

2591 

352 

3164 

154*3 

412 

37o*3 

1806 

472 

424-2 

206*9 

532 

478-2 

2332 

592 

5321 

2595 

353 

317*3 

154*7 

413 

371-2 

1811 

473 

4251 

207-3 

538 

479*1 

2336 

593 

533*0 

259  9 

354 

31S2 

155*2 

414 

372-1 

1815 

474 

4260 

2078 

534 

480-0 

2341 

594 

533  9 

2604 

355 

319-1 

1556 

415 

373*0 

1819 

475 

4269 

208'2 

535 

48o-9 

2345 

595 

534*8 

2608 

856 

3200 

156*1 

416 

373*9 

182-4 

476 

427*8 

208-7 

536 

4818 

2350 

596 

5357 

261-3 

357 

320*9 

1565 

417 

374*8 

1828 

477 

4287 

209- 1 

537 

482-7 

2354 

597 

5366 

261  7 

358 

3218 

1569 

418 

3757 

1832 

478 

4296 

2095 

538 

4836 

2358 

598 

537*5 

262- 1 

359 

3227 

157*4 

419 

376*6 

183*7 

479 

430*5 

2IOO 

539 

484*5 

2363 

599 

538*4 

2626 

360 

3236 

1578 

420 

377*5 

184-1 

480 

43'*4 

210-4 

540 

485*3 

2367 

600 

539*3 

263*0 

Dist.j  *W 

0.  Lat. 

Dist. 

Dcp. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.  Lat. 

64° 

4h16m 
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rABL 

E  1 

TRAVERSE  TABL 

£  TO 

0 

DEC 

IREES 

27 

lk48* 

Dist 

D.Ut 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

DistjD.  Lat. 

Dep. 

Dist, 

D.Lat. 

Dep. 

1 

0-9 

0-5 

61 

54*4 

27*7 

121 

107*8 

54*9 

181 

161-3 

822 

241 

214*7 

109-4 

9 

i-8 

0-9 

82 

56*1 

28*1 

122 

108-7 

55*4 

182 

1622 

82*6 

242 

215*6 

109-9 

8 

1*7 

i'4 

63 

28-6 

123 

109*6 

56*3 

183 

1631 

83-1 

243 

216*5 

110*3 

4 

3*6 

r8 

64 

57*o 

29*1 

124 

no*  5 

184 

163*9 

!3'5 

244 

217*4    iio*8 

* 

4'5 

2-3 

65 

57'9 

29*5 

125 

111-4 

56-7 

185 

1648 

84-0 

245 

218*3 

111*2 

• 

5*3 

i*7 

66 

58-8 

30*0 

126 

1123 

57-2 

186 

165*7 

84*4 

246 

219*2 

iii*7 

7 

6*2 

32 

67 

59'7 

30-4 

127 

113*2 

57'7 

187 

166*6 

849 

247 

220*1 

112*1 

8 

7"i 

3-6 

68 

6o*6 

30*9 

128 

114*0 

58*1 

188 

■S'5 

85> 

248 

221*0 

112*6 

9 

S-o 

4*1 

69 

61*5 

3i'3 

129 

1 149 

586 

189 

168-4 

85*8 
86*3. 

249 

221*9 

II3*0 

10 

8-9 

4*5 

70 

62-4 

318 

130 

115-8 

59*0 

190 

1693 

250 

222*8 

113-5 

11 

9-8 

5'<> 

71 

63-3 

322 

131 

116-7 

59*5 

191 

170*2 

86*7 

251 

223-6 

114*0 

12 

io*7 

5*4 

72 

64-2 

32-7 

132 

117*6 

59'9 

192 

171*1 

87*2 

252 

»*4'5 

114-4 

13 

ii  6 

5*9 

73 

65*0 

33*i 

133 

n8*5 

60*4 

193 

172*0 

876 

253 

2254 

1149 

14 

ii*5 

6-4 

74 

659 

33*6 

134 

1 194 

6o*8 

194 

1719 

88*1 

254 

226*3 

115-3 

15 

'34 

6-8 

75 

66*8 

34-0 

185 

120*3 

613 

195 

173-7 

88*5 

255 

227*2 

115*8 

16 

14- 3 

7'3 

76 

67-7 

34*5 

136 

121*2 

61*7 

196 

174-6 

89-0 

256 

228*1 

116-2 

17 

15*1 

7*7 

77 

68*6 

35'° 

137 

122*1 

62*2 

197 

175*5 

89*4 

257 

229-O     1 16*  7 

18     i6*o 

8-2 

78 

69-5 

35*4 

138 

I23*0 

62*7 

198 

1764 

899 

258 

229*9 

117*1 

19 

i6*9 
i7'8 

8-6 

79 

70-4 

35'9 

139 

123*8 

63-1 

199 

177*3 

90*3 

259 

130*8 

117-6 

30 

9-1 

80 

71*3 

36*3 

140 

124-7 

63-6 

200 

178-2 

90*8 

260 

231*7 

118*0 

tl 

18*7 

9*5 

81 

72-2 

36-8 

141 

12<*6 

126*5 

64*0 

201 

179-1 

913 

261 

132*6 

118*5 

99 

19*6 

lO'O 

82 

731 

37'* 

142 

64*5 

202 

180*0 

91*7 

262 

233-4 

1189 

93 

20*5 

10-4 

83 

74*o 

37*7 

143 

127-4 

649 

203 

180*9 

92  *"2 

263 

*34*3 

119*4 

94 

21'4 

10-9 

84 

74-8 

38*1 

144 

1283 

6$*4 

204 

i8i*8 

92*6 

264 

235*2 
236-1 

119-9 

25 

22*3 

n*3 

85 

75*7 

38-6 

145 

129*2 

66*3 

205 

1827 

931 

265 

120*3 

28 

23*2 

u-8 

86 

76-6 

390 

146 

130*1 

206 

183-5 

935 

266 

237*0 

120*8 

27 

24-1 

12-3 

87 

77' 5 

395 

147 

131-0 

667 

207 

184-4 

94*0 

267 

237*9 

111*2 

28 

24-9 

12-7 

88 

78-4 

40*0 

148 

131*9 

67*2 

208 

185*3 

94*4 

268 

138*8 

121*7 

29 

25-8 

13-2 

89 

79' 3 

40-4 

149 

132*8 

676 

209 

186-2 

94*9 

269 

239*7 

122*1 

80 

26*7 

136 

90 

80-2 

40-9 

150 

133*7 

68*1 

210 

187-1 

95*3 

270 

240  6 

122*6 

81 

27-(i 

14-1 

91 

8ri 

4i*3 

151 

134*5 

68*6 

211 

188-0 

95*8 
96*2 

971 

2415 

I23*0 

32 

28-5 

H*5 

92 

82-0 

4i*8 

152 

135*4 
136*3 

69*0 

212 

188*9 

272 

241*4 

123*5 

33 

29-4 

15*0 

93 

82*9 
83-8 

42*2 

153 

69*5 

213 

189*8 

96-7 

273 

2432 

123*9 

34 

30-3 

M'4 

94 

4*'7 

154 

137*2 

69*9 

214 

190*7 

97*2 

274 

244*  1 

124-4 

35 

31-2 

159 

95 

84-6 

431 

155 

1381 

70*4 

215 

191*6 

97*6 

275 

245*0 

124-8 

36 

321 

16.3 

96 

85-5 

43*6 

156 

1390 

70-8 

216 

192*5 

98*1 

276 

*45"9 

125-3 

37 

33-0 

16-8 

97 

86-4 

44*0 

157 

139-9 

71*3 

217 

193*3 

98-5 

977 

246*  8 

125*8 

38 

33*9 

17*3 

98 

87-3 

44*5 

158 

140*8 

71-7 

218 

194*2 

99*0 

278 

247*7 

126-2 

39 

34' 7 

17-7 

99 

88-2 

44*9 

159 

141*7 

72*2 

219 

195*1 

994 

279 

248*6 

126*7 

40 

356 

l8'l 

100 

89*  1 

45*4 

160 

142*6 

72*6 

220 

196*0 

99.9 

280 

*49'5 

127*1 

41 

36-5 

18*6 

101 

90*0 

45'9 
46*3 

161 

"43'5 

73#i 

221 

196*9 

100*3 

281 

250*4 

127*6 

42 

37*4 

19-1 

102 

900 
918 

162 

144*3 

73'5 

222 

197*8 

ioo*8 

282 

251-3 

128*0 

43 

3«"3 

195 

103 

46*8 

163 

145-2 

74-o 

223    198*7 

101*2 

283 

252*2 

128*5 

44 

39*2 

lO'O 

104 

92-7 

47*2 

164 

146*1 

74*5 

224 

199*6 

101*7 

284 

253*0 

128*9 

45 

40-1 

20*4 

105 

93-6 

47*7 

165 

147-0 

74*9 

225 

200*5 

102*1 

285 

253*9 

1294 

4(1 

41-0 

20*9 

106 

94'4 

48*  1 

166 

H7#9 

75*4 

226 

20 1 '4 

102*6 

286 

254-8 

129*8 

47 

419 

213 

107 

95*3 

48*6 

167 

148*8 

75-8 

227 

202-3 

103*1 

287 

155-7 

130*3 

48 

42*8 

21'8 

108 

96*2 

49-0 

168 

149*7 

7-5*3 

228 

203*1 

103*5 

288 

256*6 

130*7 

49 

43*7 

22*2 

109 

97-1 

49' 5 

169 

150*6 

76*7 

229 

204*0 

104*0 

289 

•*57'5 

131-1 

50 

44* 

22*7 

110 

98*0 

49*9 

170 

151-5 

77** 

230 

2049 

104*4 

290 

158-4 

1317 

51 

45*4 

23-2 

HI 

989 

50*4 

171 

152*4 

77'6 

231 

205*8 

104*9 

991 

*59'3 

132*1 

52 

463 

23*6 

112 

99*8 

50*8 

172 

'53*3 

78-1 

232 

206*7 

105*3 

999 

160' 2 

132*6 

53 

47-2 

24*1 

113 

100*7 

5I#3 

173 

1541 

78-5 

238 

207*6 

105-8 

993 

261*1 

133*0 

54 

481 

24-5 

114 

101*6 

51*8 

174 

155*0 

79'° 

234 

208*5 

106*2 

994    262*0 

133*5 

56 

490 

25*0 

115 

I02*S 

52*2 

175 

155*9 

794 

235 

209-4 

106-7 

995 

262*8 

133*9 

66 

49*9 

*5*4 

116 

1034 

5**7 

176 

1568 

79*9 

236 

210-3 

107*1 

998 

163*7 

134*4 

•7     50-S 

25-9 

117 

104*2 

S3*' 

177 

157*7 

80*4 

237 

211*2 

107-6 

297 

264-6 

134-8 

68 

51*7 

26*3 

118 

105-1 

53-6 

178 

1586 

8o*8 

238 

212*1 

108*0 

998 

265*5 

135*3 

59 

52*6 

26-8 

119 

106*0 

54*0 

179 

J59'5 

81*3 

239 

213*0 

108*5 

299 

2664 

135-7 

60 

53'5 

27*2 

120 

106*9 

54-5 

180 

160*4 

81-7 

240 

213*8 

109*0 

800 

267*3 

136-2 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Ut. 

Dist 

Dep. 

D*Lat 

63° 

4h  12m 
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27°                                                  1*  48* 

Ditt 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

801 

268*2 

1367 

361 

3217 

163*9 

421 

3751 

191-1 

481 

428-6|2l8*3 
429*4  2188 

541 

482*0 

2456 

302 

269*1 

"37  1 

362 

3225    1644 

422 

376*0!  191*6 

482 

542 

4829 

2461 

308 

270*0 

137-6 

363 

3234   1648 

423 

3769  •  1920 

483 

-I303 

219*2 

543 

4838 

246*5 

304 

2709 

1380 

364 

324  3  1 165  3 

424 

3778   1925 

484 

4312 

219*7 

544 

4847 

2470 

305 

2718 

138-5 

365 

3252  1 165  7 

425 

3787 

1930 

485 

4321 

220-1 

545 

4856 

2474 

306 

2727 

1389 

366 

326- 1  i  1 662 

426 

379*6 

193*4 

486 

433-0 

220*6 

546 

4864 

2479 

307 

2735 

»39'4 

367 

3270 !  166*6 

427 

38o*5 

1939 

487 

433*9 

221*1 

547 

4873 

2484 
2488 

308 

2744 

139-8 

368 

327  9   167-1 

428 

3814 

194*3 

488 

4348  2215 

548 

4882 

309 

2753 

1403 

369 

3288   1675 

429 

3822 

194*8 

489 

4357 ;  222  0 

649 

4891 

2492 

310 

276*2 

140*7 

370 

329*7   1680 

430 

3831 

1952 

490 

4366  2224 

550 

4900 

2497 

811 

2771 

141*2 

371 

330-6 

1684 

431 

3840 

1957 

491 

437-5 ; 2229 

551 

4909 

2501 

312 

2780 

141 7 

372 

331*5 

1689 

432 

sf4? 

196- 1 

492 

4383  223*3 

552 

4918 

250-6 

313 

2789 

1421 

373 

332*3 

1693 

433 

385-8 

1966 

493 

439*2  223*8 

553 

4927 

2510 

814 

2798 

1426 

374 

333*2 

1698 

434 

3867 

1970 

494 

440*1  '  224*2 

554 

4936 

251*5 

315 

2807 

143*0 

375 

3341 

1703 

435 

3876  197  5 

495 

4410  2247 

555 

494*5 

252*0 

316 

2816 

1435 

376 

3350 

1707 

436 

3885 

1979 

496 

4419 ,  2252 

556 

495*4 

2524 

317 

2825 

M39 

377 

335*9 

1712 

437 

3894 

1984 

497 

4428  1  225-6 

557 

4963 

2529 

318 

2833 

144-4 

378 

3368  j  171*6 

438 

3903 

1989 

498 

4437  ,  226*  I 

558 

4972 

253*3 
2538 

319 

284-2 

144-8 

379 

3377   172*1 

439 

3912 

199  3 
199-8 

2002 

499 

444*6    226' 5 

559 

4981 

320 

2851 

145*3 
H57 

380 

3386 

1725 
1730 

440 
441 

392-0 
392-9 

500 

4455   2270 

560 

4990 

2542 

321 

2860 

381 

339*5 

501 

4464 1  2275 

561 

499*8 

2547 

322 

286*9 

146*2 

382 

340-4  173-4 

442 

393*8 

2007 

502 

447*3  j  227  9 

562 

5007 

2551 

323 

2878 

1466 

383 

341*3  1 173  9 

443 

3947 

201*1 

503 

448*2  :  228*4 

563 

5016 

2556 

324 

288*7 

1471 

384 

3421    174-3 

444 

3956 

201 -6 

504 

449-0 

228*8 

564 

5025 

2560 

325 

289*6 

1476 

385 

3430   174*8 

445 

3965 

2020 

505 

4499 

2293 

565 

503*4 

2565 

326 

2905 

1480 

386 

3439 

1752 

446 

397*4 

202*5 

506 

4508 

229*8 

566 

5043 

2570 

327 

2914 

148-5 

387 

344*8 

1757 

447 

398-3 

202*9 

507 

451*7 

2302 

567 

5052 

2574 

328 

2923 

148*9 

388 

3457 

1762 

448 

399*2 

2034 

508 

4526    230*6 

568 

5061 

2579 

329 

2932 

149*4 

389 

3466 

1766 

449 

400*1 

2038 

509 

453*5 

231*0 

569 

5070 

2583 
2588 
2592 

330 

2940 

149*8 

390 

347*5 

1771 

450 

4010 

2043 

510 

4544 

2315 

570 

5079 

331 

294-9 

1503 

391 

348-4   177-5 

451 

401-8 

204-7 

511 

455*3 

2319 

571 

5087 

332 

295-8 

1507 

392 

3493  !  178 0 

452 

4027 

205*2 

512 

456-2 

2324 

572 

5096 

2597 

333 

2967 

151-2 

393 

3502;  1784 

453 

4036 

2057 

513 

457*1  ;  232? 

573 

5io-5 

20O*I 

334 

2976 

1516 

394 

351 1 !  178*9 

454 

4045 

206*1 

514 

4580  2333 

574 

511-4 

2606 

335 

2985 

1521 

395 

3520  1793 

455 

4054 

2066 

515 

4588 

2338 

575 

512-3 

26l  I 

336 

299*4 

1525 

396 

3528  1798 

456 

4063 

2070 

516 

4597 

2342 

576     5132 

26l*5 

337 

3003 

1530 

397 

3537 ;  180*2 

4\7 

4072 

2075 

517 

4606 

2347 

577 

514*1 

262'0 

338 

3012 

1535 

398 

3546   1807 

458 

408- 1 

2079 

518 

4615 

2352 

578 

5150 

2624 

339 

3021 

153*9 

399 

3555 

181  2 

459 

4090 

2084 

519 

462*4 

2357 

579 

5159 

262'9 

340 

3029 
3038 

1544 
1548 

400 
401 

356-4 
3573 

1816 

460 

409*9  2088 

520 

,463*3 
4642 

2361 

580 

5168 
5177 

2634 
2638 

341 

182*1 

461 

4108 !  2093 

521 

2366 

581 

342 

3047 

1553 

402 

3582   1825 

462 

411*6  209-8 

522 

465- 1  1237-0 

582 

5185 

264*3 

343 

3056 

1557 

403 

3591    1830 

463 

412  5  1  2102 

523 

4660  2375 

583 

519*4 

2647 

344 

3o6*5 

1562 

404 

360-0   1834 

464 

413*4 

2107 

524 

4669 1  2379 

584 

5203 

265*2 

345 

3074 

1566 

405 

3609  1839 

465 

4143 

211*1 

525 

4678  -  2384 

585 

521*2 

2656 

346 

3083 

I57-I 

406 

3618 '  184*3 

466 

4I5'2 

21 16 

526 

4687  1  2388 

586 

522  1 

2660 

347 

3092 

157*5 

407 

3626  1 184*8 

467 

4l6l 

2I20 

527 

469 5   2393 

587 

5230 

2665 

348 

310*  1 

158*0 

408 

363  5  1 185*2 

468 

4I70 

212*5 

528 

4704 1  2397 

588 

5239 

2670 

349 

31 10 

1585 

409 

364*4  1857 

469 

4179 

2129 

529     471*3    2402 

589 

524'8 

2674 

350 

3»9 

1589 

410 
411 

3653 
360-2 

i86*i 

470 

4188 

2134 
2138" 

530  |_472/2 

24O6 

590 

5257 

2679 
2683 

351 

3127 

1594 

1866 

471 

4197 

531 

4731 

24I'I 

591 

5266 

352 

3136 

1598 

412 

3671    187-1 

472 

4206 

2143 

532 

474-0 !  241-5 

592 

5275 

2688 

353 

314-5 

1603 

413 

368*0 

1875 

473 

421*4 

2147 

533 

474*9   2420 

593 

5284 

2692 

354 

3i5'4 

1607 

414 

3689 

1880 

474 

4223 

2152 

534 

4758   2424 

594 

5293 

2697 

355 

3i6*3 

161 '2 

415     3698 

1884 

475 

4232 

215  7 

535 

4767 

2429 

595 

5301 

270- 1 

356 

317*2 

1616 

416 

37o-7 

188*9 

476 

4241 

2l6  I 

536 

4776 

243  4 

596 

5310 

2706 

357 

3181 

162*1 

417 

3716 

1893 

477 

4250 

2l6'6 

537 

4784 

243*8 

597 

53* '9 

271-1 

358 

319-0 

162*5 

418 

372*4 

1898 

478 

4259 

2I7*0 

538 

4793 

244*3 

598 

532  8 

2715 

359 

3199 

1630 

419 

3733 

1902 

479 

4268 

2175 

539 

4802 

2447 

599 

5337 

2720 

360 

3208 

163-4 

420 

3742 

1907 

480 

4277 

2179 

540 

481*1 

245*2 

600 

5346 

2724 

Dist 

Dep. 

D.Lai 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist.|  Dep. 

D.Lat. 

m°  _                                4h  i2m 
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88° 

1»5*» 

DiatJD.Ut 

Dep. 

Dint 

D.Lat 

Dep. 

DistJD.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

1  |    o-9 

05 

61 

53*9 

28*6 

121    106-8 

568 

181 

159-8 
160-7 

85-0 

241 

212*8 

113-1 

2 

r8 

0*9 

62 

54*7 

29*1 

122    1077 

57'3 

182 

854 

242 

2137 

1136 

3 

2-6 

1 '4 

63 

55-6 

29*6 

123 

108*6 

57*7 

183 

1616 

859 
86-4 

243 

214*6 

114*1 

4 

3*5 

i-9 

64 

56-5 

30*0 

124 

109*5 

582 

184 

162-5 

244 

215-4 
2l6*3 

1146 

6 

4'4 

2'3 

65 

57*4 

30-5 

125 

110*4 

58-7 

185 

163*3 

869 

245 

1150 

6 

5*3 

2*8 

66 

58-3 

31*0 

126 

1113 

59-2 

186 

164*2 

873 

246 

2I7-2 

115-5 

7 

6-2 

3*3 

67 

59-2 

3i-5 

127 

112*1 

596 

187 

165-1 

87*8 

247 

2l8l 

116*0 

8 

7*i 

3-8 

68 

6o*o 

31*9 

128 

113*0 

60*1 

188 

166*0 

88*3 

248 

219*0 

116-4 

9 

79 

4#* 

69 

60*9 

32*4 

129 

113*9 

6o*6 

189 

166*9 

887 

249 

219*9 

116-9 

10 

8-8 

47 

70 

6i-8 

329 

130 

114-8 

6 10 

190 

167*8 

89*2 

250 

220'7 

117-4 

11 

9*7 

5'* 

71 

627 

33*3 

131 

1157 

615 

191 

1686 

897 

251 

221*6 

117-8 

12 

io*6 

5*6 

72 

636 

33-* 

132 

ii6*5 

62-0 

192 

169-5 

90-1 

252 

222*5 

118-3 

13 

n'5 

61 

73 

64-5 

34*3 

133 

117*4 

6*4 

193 

170-4 

90*6 

253 

223*4 

118S 

14 

12*4 

6-6 

74 

& 

34*7 

134 

n8*3 

62*9 

194 

171-3 

911 

254 

224*3 

1192 

16 

132 

7-0 

75 

35*2 

135 

119*2 

634 

195 

172*2 

91-5 

255 

225-2 

119*7 

16 

141 

7*5 

76 

67*1 

35*7 

136 

ixo-i 

638 

196 

173*1 

92*0 

256 

226-0 

I20*2 

17 

150 

80 

77 

68*o 

36*1 

137 

I2I*0 

64-3 

197 

173*9 

92*5 

257 

226*9 
227*8 

120*7 

18 

*5'9 
168 

8'5 

78 

68*9 

366 

138 

121*8 

648 

198 

174-8 

93o 

258 

121*1 

19 

8*9 

79 

69*8 

37*i 

139 

122*7 

653 

199 

1757 

93*4 

259 

228-7 

121-6 

90 

17-7 

94 

80 

70*6 

37-6 

140 

I236 

657 

200 

176-6 

93*9 

260 

229*6 

122*1 

21 

185 

9*9 

81 

71*5 

38-0 

141 

124-5 

662 

201 

177*5 

94*4 

261 

230*4 

122*5 

92 

>9*4 

10-3 

82 

7*'4 

38-5 

142 

I25*4 

66-7 

202 

1784 

94'8 

262 

23I-3 

I230 

23 

20-3 

io-8 

83 

73*3 

39*0 

143 

126*3 

67-1 

203 

179* 

95*3 

263 

232** 

123-5 

24 

21*1 

u-j 

84 

74*a 

394 

144 

127*1 

67-6 

204 

180-1 

95*8 
96-2 

264 

233*1 

H3'9 

25 

22'I 

117 

85 

75#> 

39*9 

145 

128*0 

68-i 

205 

181*0 

265 

2340 

124-4 

26 

23*0 

12*2 

86 

75*9 

40*4 

146 

128*9 

68-5 

206 

181*9 

96-7 

266 

2349 

X249 

27 

23-8 

I2'7 

87 

76-8 

40*8 

147 

129*8 

69*0 

207 

182*8 

97** 

267 

*357 

I25-3 

28 

247 

131 

88 

77*7 

4,'l 
41-5 

148 

130*7 

695 

208 

183*7 

977 

268 

236*6 

1258 

29 

2|'6 

26-5 

I36 

89 

78-6 

149 

131*6 

70*0 

209 

1845 

98*1 

269 

*37*5 

1263 

30 

I4'I 

90 

79*5 

42-3 

150 

i3**4 

70*4 

210 

1854 

98-6 

270 

238*4 

126*8 

31 

27-4 

I4'6 

91 

80-3 

42-7 

151 

»33'3 

709 

211 

1863 

99-1 

271 

239-3 

127*2 

32 

283 

I50 

92 

812 

43* 

152 

134-2 

7i*4 

212 

187*2 

995 

272 

240*2 

1277 

33 

291 

"5  5 

93 

82*1 

437 

153 

135*1 

718 

213 

188*1 

lOO'O 

273 

241-0 

128*2 

34 

30*0 

16*0 

94 

83-0 

44'i 

154 

136*0 

72-3 

214 

189-0 

100-5 

274    241-9 

1286 

35 

309 

1 6*4 

95 

839 

44.6 

155 

1369 

7*8 

216 

1898 

100*9 

275 

242*8 

129*  1 

36 

31-8 

16*9 

96 

84-8 

45*  1 

156 

%K'l 

73'* 

216 

190*7 

ioi*4 

276 

*437 

129*6 

37 

3*7 

17-4 

97 

85*6 

45*1 

157 

138-6 

737 

217 

191*6 

101*9 

277 

2446 

130-0 

38 

336 

178 

98 

86-5 

46*0 

158 

139*5 

74*» 

218 

1925 

102-3 

278 

*45'5 

130*5 

39 

34'4 

18*3 

99 

87-4 

465 

159 

140-4 

746 

219 

193-4 

102*8 

279 

246*3 

1310 

40 

35-3 

188 

100 

88-3 

46-9 

160 

141*3 

75*1 

220 

1942 

103*3 

280 

247-2 

131-5 

41 

36*2 

19*2 

101 

89-2 

47*4 

161 

1422 

75'6 

221 

195-1 

103*8 

281 

248-1 

1319 

42 

37'i 

197 

102 

90*1 

47#9 

162 

1430 

76*1 

222 

196*0 

104*2 

282 

249-0 

132-4 

43 

380 

20*2 

103 

90-9 
91*8 

484 

163 

>43'9 

765 

223 

1969 

104*7 

283 

2499 

132*9 

44 

38-8 

207 

104 

488 

164 

1448 

77*0 

224 

197*8 

105*2 

284 

250*8 

1333 

45 

39*7 

21*1 

105 

9*7 

49'3 

165 

HS-7 

77*5 

225 

1987 

105-6 

285 

251*6 

1338 

46 

40*6 

21-6 

106 

936 

49*8 

166 

1466 

77'9 

226 

199*5 

106*1 

286 

252*5 

1343 

47 

4'*5 

22*1 

107 

94*5 

50*2 

167 

H7'5 

78*4 

227 

200-4 

1066 

287 

*53'4 

1347 

48 

424 

22-5 

108 

95'4 

507 

168 

148-3 

78*9 

228 

201*3 

107-0 

288 

*54'3 

135*2 

49 

43*3 

23-0 

109 

90*2 

51*2 

169 

149*2 

79*3 

229 

202*2 

107-5 

289 

255*2 

1357 

50 

44-' 

23*5 

no 

97-1 

51*6 

170 

1 50*  1 

79*8 

230 

203-1 

108*0 

290 

256-1 

1361 

51 

45*0 

23-9 

HI 

98-0 

52-1 

171 

151-0 

80*3 

231 

204*0 

108 -4 

291 

256*9 

1366 

52 

408 

24-4 

112 

98-9 

52*6 

172 

151-9 

807 

232 

204*8 

108-9 

292 

257-8 

137-1 

53 

H'9 

118 

99-8 

53#i 

173 

1527 

81*2 

233 

205-7 
206*6 

109-4 

293 

258-7 

137-6 

54 

47*7 

*5*4 

114 

1007 

53*5 

174 

1536 

817 

234 

1099 

294 

2596 

138-0 

55 

48*6 

258 

115 

101-5 

54*0 

175 

154-5 

82*2 

235 

207-5 

110*3 

295 

260*5 

1385 

56 

49*4 

26-3 

116 

1 02 '4 

54'5 

176 

1554 

826 

236 

208-4 

no-8 

296 

261*3 

1390 

57 

50-3 

268 

117 

103-3 

54'9 

177 

156-3 

831 

237 

209-3 

iii*3 

297 

262*2 

139-4 

58 

512 

27*2 

118 

104*2 

55*4 

173 

157*2 

836 

238 

2IO*l 

1117 

298 

263-1 

1399 

59 

52-1 

277 

119 

105*1 

55*9 

179 

1580 

84*0 

239 

2!I*0 

112*2 

299 

264-0 

140*4 

60 

53-0 

28*2 

120 

106-0 

56*3 

180 

1589 

84*5 

240 

211'9 

112*7 

300 

264*9 

140*8 

Diit 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

62 
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28°                                                      1*  62* 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep.  foist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

301 

2657 

I4I-3 
141*8 

361 

3187 

169-5 

421 

3717 

1977  |-*81 

4247 

225-8 

541 

477-7 

2540 

302 

266*6 

362 

3196 

170*0 

422 

3726 

198-1 

482 

4256 

2263 
226-8 

542 

4786 

254*5 

303 

267-5 

1423 

363 

3205 

1704 

423 

373*5 

1986 

483 

4265 

543 

479*4 

2550 

304 

2684 

1427 

364 

3214 

170-9 

424 

3743 

199*  1 

484 

4274 

2273 

544 

4803 

255*5 

305 

2693 

1432 

365 

3222 

171-4 

425 

375*2 

199*5 

485 

4283 

2277 

545 

481  1 

2559 

306 

270*2 

1437 

366 

3231 

171-8 

426 

376-1 

200*0 

486 

4292 

2282 

546 

482*0 

2564 

307 

271*0 

1441 

367 

3240 

1728 

427 

377*o 

2005 

487 

430-1 

228-6 

547 

452'2 

2569 

308 

2719 

1446 

368 

3249 

428 

377*9 

2009 

488 

430-9 

229*1 

548 

4838 

257*3 

309 

2728 

1451 

369 

3258 

173*2 

429 

378-5 

201 '4 

489 

431*8 

229-6 

549 

4847 

257*8 

310 

2737 

1455 

370 

3267 

1737 

430 

379*6 

201*9 

490 

432'6 

2300 

550 

485*6 

2582 

311 

274-6 

1460 

371 

3275 

174*2 

431 

3805 

202*3 

491 

433*5 

2305 

551 

4865 

2587 

312 

2755 

1465 

372 

3284 

174-6 

432 

38i*4 

2028 

492 

434*4 

2310 

552 

4874 
4&3 

259*1 

313 

2763 

1469 

373 

329*3 

175*1 

433 

3823 

2035 
2038 

493 

435*3 

2314 

553 

259*6 

314 

2772 

H74 

374 

330*2 

175*6 

434 

3832 

494 

4362 

231*9 

554 

489*2 

2601 

315 

2781 

1479 

375 

3311 

176*1 

435 

384*1 

204*2 

495 

437*1 

2324 

555 

4901 

2606 

316 

279-0 

1484 

376 

3320 

1765 

436 

3849 

2047 

496 

4379 

2329 

556 

490-9 

261*0 

317 

2799 

1488 

377 

332*8 

177  0 

437 

385  8 

205*2 

497 

4388 

2334 
2338 

557 

491*8 

261-5 

318 

2807 

1493 

378 

3337 

177*5 

438 

386-7 

2056 

498 

4397 

558 

4927 

262*0 

319 

281-6 

1498 

379 

334*6 

177*9 

439 

3876 

206' 1 

499 

4406 

234*3 

559 

493*5 

262-5 

320 

2825 

1502 

150-7 

380 

335*5 

1784 

440 

388*5 

2066 

500 

441*5 

234  7 

560 

494*4 

262-9 

321 

2834 

381 

3364 

1789 

441 

3894 

2070 

501 

442-3 

2352 

561 

495*3 

2634 

322 

2843 

151*2 

382 

3373 

179*3 
1798 

442 

3902 

207-5 

502 

4432 

235*6 

562 

496-2 

2638 

323 

2852 

151*6 

383 

338i 

443 

39ii 

208-0 

503 

444*1 

2361 

563 

497*1 

2643 

324 

286*0 

1 52*  1 

384 

339*0 

1803 
i8o-8 

444 

3920 

208-4 

504 

445*o 

2366 

564 

4980 

2647 

325 

286-9 

1526 

385 

3399 

445 

392*9 

2089 

505 

445? 
4468 

2371 

565 

4989 

2652 

326 

287*8 

153*1 

386 

340-8 

181  2 

446 

393*8 

2094 

506 

237*5 

566 

499*8 

2657 

327 

2887 

153*5 

387 

341*7 

1817 

447 

3946 

2099 

507 

447*6 

2380 

567 

5007 

2662 

328 

2896 

1540 

388 

3426 

1822 

448 

395*5 

210-3 
aio-8 

508 

4485 

2385 

568 

501*6 

2666 

329 

2905 

■54*5 

389 

343*4 

1826 

449 

396-4 

509 

4494 

2390 

569 

5024 

267- 1 

330 

2913 

1549 

390 

344*3 

1831 

450 

397*3 

21 1'3 

510 

450-3 

239*4 

570 

503*3 

2676 

331 

292-2 

*55*4 

391 

345*2 

183-6 

451 

3982 

211*7 

511 

451*2 

239*9 

571 

504-3 

2680 

332 

293-1 

155  9 

392 

346i 

1840 

452 

3991 

212*2 

512 

4521 

240-4 

572 

505-1 

2685 

333 

2940 

156-3 

393 

347o 

1845 

453 

399*9 

212*7 

513 

4529 

2408 

573 

5059 
5068 

2690 

334 

2949 

1568 

394 

347*9 

1850 

454 

4008 

2I3-I 

514 

453*8 

2413 

574 

2694 

335 

2958 

157*3 

395 

3487 

1854 

455 

4017 

2136 

515 

4547 

241-8 

575 

5°n 

2699 

336 

2966 

1577 

396 

349*6 

1859 

456 

402-6 

214  I 

516 

455*6 

2422 

576 

5086 

2704 

337 

-W5 

1582 

397 

35o-5 

1864 

457 

403-5;  2146 

517 

456-4 

2427 

577 

5094 

2709 

338 

2984 

1587 

39S 

351*4 

186-9 

458 

404-4    2150 

518 

457*3 

243*2 

578 

5103 

271-3 
2718 

339 

299*3 

1592 

399 

352-3 

1873 

459 

405-2 

2155 

519 

4582 

2437 

579 

511-2 

340 

300-2 

1596 

400 

3531 
354*o 

1878 

460 

406-1 

2l6o 

520 

4591 

2441 

580 

512-1 

2723 
2727 

341 

3010 

1601 

401 

188*3 

461 

4070 

2164 

521 

4600 

244*6 

581 

513*0 

342 

3019 

160*6 

402 

3549 

1887 

462 

4079 
4088 

216*9 

522 

4609 

245*o 

582 

5139 

2732 

343 

3028 

161  0 

403 

3558 

189-2 

463 

217-4 

523 

4618 

245*5 

583 

5148 

2737 

344 

3037 

1615 

404 

3567 

1897 

464 

4097 

2178 

524 

4627 

2460 

584 

5157 

2742 

345 

304-6 

162*0 

405 

357*6 

190*1 

465 

4105 

2183 

525 

4635 

246-5 

585 

5165 

2747 

346 

305*5 

162*4 

406 

358-4 

1906 

466 

4ii*4 

2188 

526 

4644 

2469 

586 

5174 

2751 

347 

3064 

1629 

407 

3593 

191-1 

467 

412*3 

219*2 

527 

4653 

247*4 

587 

518*3 

275*5 

348 

3072 

i63*4 

408 

3602 

191*5 

468 

4132 

2197 

528 

4662 

2479 

588 

5192 

276*0 

349 

308-1 

1638 

409 

36n 

1920 

469 

414*1  1   220'2 

529 

4671 

248-3 
2488 

589 

520-1 

2765 

350 

3090 

164*3 

410 
411 

3620 
3629 

192-5 

470 

415*0 

2207 

530 

4680 

590 

521-0 

277*0 
2774 

351 

3099 

1648 

1930 

471 

4I5-8 

22I'I 

531 

4689 

249*3 

591 

5218 

352 

3108 

1653 

412 

3637 

193*4 

472 

4167 

221  6 

532 

4698 

2498 

592 

522*6 

2779 

353 

3II7 

1657 

413 

3646 

1939 

473 

417-6 

222*1 

533 

4707 

2502 

593 

523-5 

2784 

354 

312*5 

1662 

414 

3655 

1944 

474 

4185 

222*5 

534 

471*5 

2507 

594 

5244 

2788 

355 

3 '34 

1667 

415 

3664 

194-8 

475 

419*4 

223O 

535 

4724 

251-1 

595 

5253 

2793 
279*8 

356 

3143 

167*1 

416 

367*3 

195*3 
195-8 

476 

420-3 

2235 

536 

4733 

1516 

596 

5262 

357 

3'5'2 

1676 

417 

3682 

477 

421*1 

2239 

537 

474'2 

252-1 

597 

5271 

280-3 
2808 

358 

316-1 

1681 

418 

3690 

196*2 

478 

4220 

224-4 

538 

4751 

2526 

598 

5280 

359 

3>69 

1685 

419 

3699 

1967 

479 

4229  '   224*9 

539 

4760 

2531 

599 

5289 

2813 

360 
Dist 

317-8 

1690 

420 

370  8 

1972 

480 

4238     225*3 

540 

4768 

2536 

600 

5298 

2817 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep.   D.Lat. 

DUt 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat. 
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29°                                                      \*50* 

Dist 

DXat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist  D.Lat. 

Dep. 

Dist.'D.  Lat. 

1 

Dep. 

DMt.JD.Lat 

J)ep. 

1 

0-9 

0*5 

61 

53*4 

29*6 

121  !  105-8 

5«7 

181  '  1583 

87-8 

241 

210*8 

u6-8 

2 

i-7 

1*0 

62 

54* 

30-1 

122!  1067 

59- 1 

182 

159*2 

88*2 

242 

211*7 

117-3 

3 

26 

**5 

63 

50-0 

3<>'5 

123    107-6 

596 

183 

160*1 

88-7 

243 

212*5 

117-8 

4 

3*5 

i«9 

64 

31-0 

124    1085 

60*1 

184 

160-9 

89*2 

244 

*'3*4 

118-3 

5 

4*4 

**4 

65 

56-9 

3>#5 

125     109*3 

6o*6 

185 

1618 

89*7 

245 

2143 

118-8 

fi 

5'* 

29 

66 

577 

32-0 

126     HO-2 

611 

186 

162*7 

90*2 

246 

215-2 

119-3 

7 

61 

3*4 

«7 

586 

3**5 

127      111*1 

6i*6 

117 

163-6 

90-7 

247.  2160 

1 197 

8       7*o 

39 

68 

59*5  |  33o 

1281  ii2-o 

621 

1K8 

164*4 

91-1 

248    216-9 

120-2 

9       7'9 

4*4 

69 

60-3    33-5 

129  l  H2-8 

62*5 

189 

1653 

91*6 

249|2i7*8 

1207 

10       8-7 

4-8 

70 

61-2  1  33-9 

130    1137 

63-0 

190 

i66*2 

92*  1 

250'  2187 

121-2 

11 

96 

5*3 

71 

62-1     34-4 

i:ill  1146 

63-5 

191 

167*1 

92*6 

251  !  219-5 

121-7 

12 

10*5 

5'8 

72 

63*0 

34*9 

132  1  115*4 

64*0 

192 

1679 

931 

252 !  220*4 

122*2 

13 

1 14 

6.3 

73 

638 

35*4 

133  1  116-3 

64-5 

193 

1688 

936 

2531221*3 

1227 

14 

12*2 

6-8 

74 

64-7 

35*9 

I34|  117-2 

65*0 

194 

169*7 

94-1 

264  1  222*2 

123*1 

15  I  I3'i 

7*3 

76 

656 

36*4 

135    1181 

65-4 

196 

170*6 

94-5 

266 '  223*0 

123-6 

\(i  |  14-0 

7'8 

7« 

665 

36-8 

136.  1189 

65*9 

196 

171*4 

950 

266 1  2239 

124*  I 

17  1  149 

82 

77 

67*3 

37*3 

137    1 198 

664 

197 

172*3 

95*5 

267  1  *24*  8 

124*6 

18  I  157 

8'7 

78 

68-2 

37*8 

138    1207     66*9 

198 

173'* 

96*0 

258 

225-7 

125*1 

19  '  i6-6 

9-2 

79 

69-1 

38-3 

189    121-6  1  67-4 

199 

1740 

96*5 

259 

226*5 

125-6 

20  |  17-5 

97 

80 

70-0 

38-8 

1401  122*4  1  *7'9 

SOO 

>74*9 

97'o 

260 

227-4 

126*1 

21      18-4     IO*2 

81 

70*8    39-3 

V4f  123*3  '  684 

201    1758 1    97-4 

261    228-3     126*5 

22     192    107 

82 

7x7    398 

142  |  1242    68*8 

202    1767     97*9 

262  i  229*2     127*0 

28      20'I     1 1  '2 

A3 

72-6    40-2 

143    1251     693 

203'  177*5     98*4 

263  ;  230-0    127-5 

24    21 -o1  1 1 -6 

84 

73*5    407 

144    125-9    698 

204    17841   98-9 

264  :  230-9    128-0 

25    21*9    12*1 

85 

74 '3    41*2 

1451  126-8     70-3 

205    179*3     99*4 

266 1231-8    128-5 

26    227    12-6 

86 

75-2   417 

146 

1277     70'8 

206    180-2     99*9 

266  |  232-6    129-O 

27    23-6    13-1 

87 

76-1    42-2 

147 

128-6    713 

207    181 -oi  100*4 

267   233-5    129*4 

28    24-5 

13*6 

88 

77-0   427 

148    1294     71-8 

208  1  181  -9   ioo-8 

268 

234-4    129-9 

29    254 

14-1 

89 

77-8    43-i 

149>  1303     72-2 

209  1  1828   iox-j 

210  183-7  jioi -8 

211  184-5 '102-3 

212  1854   102*8 

269 

235-3    I30-4 

80  I26-2 

31     27-1 

14'5 
15-0 

90 
91 

787    43-6 
796 1  441 

160  !  131-2    727 
161' 132-1     732 

270 
271 

236-1     130*9 

237*0    131*4 

32    28-0    15-5 

92 

80-5    44-6 

152    1329     737 

272 

237-9    131*9 

33  ,28-9    16-0 

93 

81 '3    45 "i 

153    1338     742 

213    186*3  ;  103-3 

273 

238-8    132-4 

34    297  :  16-5 

94 

82*2    45 -6 

1M  ,  1347     747 

214.  187-2    1037 

274 

239*6  j  1328 

86    30-6    17-0 

96 

83-1    46*1 

156    135-6    751 

215    i88-oi  104*2 

276 

240-5    1335 
241-4  ,  133*8 

**    3i:5    X7'5 

96 

84*0   46*5 

156 

136*4    756 

216    188-9    104*7 

276 

87  I  32-4  1  17-9 

97 

84-8   47-0 

167 

137-3    76-1 

217    189-8   105-2 

277 

2423  *  134*3 
2431  1 134-8 

88  i33-2j  18-4 

98 

857    47*5 

168 

138-2    766 

218    1907  '  1057 

278 

39  •  341 ,  189 

99 

86-6    48-0 

169,139-1     771 

219    191-5.  106-2 

279 

244*0    135*3 

40 

350]  194 

100 

87-5 

48-5 

160 
161 

139*9 

77*6 

220    192-4   1067 

280 

244*9    1357 

41 

35*9 

19-9 

101 

88-3 

490 

1408 

78*1 

221 

W3 

107-1 

881 

245*8 
246*6 

136*2 

42 

36-7 

20*4 

102 

89-2 

49*5 

162 

141-7 

78-5 

222 

1942 

107*6 

282 

I367 

43 

37-6 

20-8 

103 

90*1 

499 

163 

142*6 

79-0 

223 

1950 

108- 1 

283 

*47'5 

137-2 

44 

38*5 

21-3 

104 

91-0 

50-4 

164 

H3  *4 

79"  S 

224 

x95*9 
196*8 

108-6 

284 

2484 

1377 

45 

39*4 

21-8 

105 

918 

50-9 

166 

144*3 

800 

225 

109*1 

285 

249*3 

138-2 

4<; 

40-2 

2**3 

106 

9*7 

5'4 

166 

145-2 

80-5 

226 

197*7 

109*6 

286 

250*1 

I387 

47 

41*1 

22*8 

107 

93-6 

5>9 

167 

146-1 

8i*o 

227 

1985 

no- 1 

287 

251-0 

139*1 

48 

42*0 

*3*3 

108 

94*5 

5*'4 

168 

1469 

81*4 

228 

'99*4 

no- 5 

288 

2519 
252*8 

I396 

49  '  42-9 

238 

109 

95*3 

52-8 

169 

147-8 

819 

229 

200-3 

III'O 

289 

I40- 1 

50  ,  437 

242 

110 

96-2 

53*3 

170 

148-7 

82-4 

230 

20 1*2 

ni-5 

290 

253-6 

I40'6 

51 

44-6 

247 

111 

97-i 

53*8 

171 

1496 

82-9 

231 

202  *o 

I12'0 

291 

*54'5 

141*1 

52 

45'5 

252 

112 

98-0 

54*3 

172 

150*4 

83*4 

232 

202*9 

112-5 

292 

*55'4 
256-3 

I4I*6 

63 

464 

25-7 

113 

988 

54*8 

173|  151-3 

83-9 

233 

203-8 

I13-0 

293 

142*0 

54 

47-2 

26-2 

114 

997 

553 

174 

1522 

84-4 

234 

204*7 

II3-4 

294    2571 

142*5 

65 

481 

26-7 

115 

ioo-6 

55*8 

175 

153-1 

84-8 

236 

205-5 

1I3-9 

295 

258*0 

143-0 

66     49  -o 

27-1 

116 

ioi»5 

56-2 

176 

'53*9 

»5-3 

236 

206*4 

114-4 

296 

2589 

H3'5 

67 

49*9 

27*6 

117 

102*3 

567 

177 

154-8 

858 

237 

207*3 

114-9 

Wl 

& 

144*0 

68 

50-7 

28- 1 

118 

103-2 

57-2 

178 

1557 

86-3 

238 

208  *2 

115-4 

298 

144-5 

69 

51-6 

28*6 

119 

104-1 

577 

179 

1566 

86-8 

239 

209*0 

ii|-9 
116-4 

299 

261*5 

145*0 

60 

5*5 

29-1 

120 

105-0 

58-2 

180 

157-4 

87-3 

240 

209-9 

300 

262*4 

H5-4 

Di»t 

Dep. 

D.Lai 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 
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29°                                                     in  56* 

Dist 

301 
302 
303 
304 
305 
306 
307 
308 
309 
310 

D.Lat, 

2632 
264- 1 
265-0 
2659 
2667 
2676 
2685 
2694 
2702 
271*1 

Dep. 

Dist 

'D.Lat 

Dep.  fDist. 

D.Lat 

Dep. 

Dist. 

481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

145*9 
1464 

1469 
147*4 
H79 
1484 
1488 

149*3 
1498 
1503 

361 
362 
363 
364 
365 
366 
367 
368 
369 
370 

3157 
3166 

3175 
318-3 
319-2 
3201 
321-0 
3218 
3227 
3236 

1750 

1755 
1760 

176  5 
177-0 

1774 
177*9 
1784 

178-9 
1794 

421 
422 
423 
424 
425 
426 
427 
428 
429 
430 

3682 
3691 

369*9 

3708 

3717 
372-6 

373*4 
374*3 
3752 
3761 

3769 
377*8 
378-7 
379*6 
3804 
3813 
3822 

3831 
3839 
3848 

3857 
3866 

3^7*4 
388-3 
3892 
390*0 
390-9 
39i8 
3927 
393*5 

204- 1 
204*6 
205-1 
2056 
2060 
2065 
207-0 
2075 
208-0 
2085 
2090 
2094 
2099 
210*4 
2109 

211*4 
211*9 

2123 
2128 

2133 
2138 

2143 
2148 

215-3 
2157 

2162 
2167 
217-2 

2177 
2182 

2187 
219*1 
2196 
2201 
220-6 

221*1 
221*6 
222  0 
222*5 
2230 

4207 
4215 
422-4 

4233 
424-2 
4250 
4259 
426-8 
427*7 
4285 
429*4 
430  3 
4312 
4320 

432  9 

433  8 
4347 
435*5 
4364 
437*3 
438*2 
439*0 
439*9 
4408 
441*6 
4425 
4434 
4443 
445*2 
446*1 

2332 

233-7 
234*2 
2346 
2351 
2356 
236*1 
2366 
2371 
237-6 
2380 

238*5 
239*0 

239*5 
240*0 
2405 
2409 
241*4 
241*9 
2424 

541 
542 

543 
544 
545 
546 
547 
548 
549 
550 

473*2 
474*o 
4749 
475*8 
476*6 
477*5 
478*4 
479-3 
480*1 
481*0 

262-3 
2628 
2632 
263* 
2642 

2647 
2652 

2657 
266-2 
2666 

311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 

272*0 
272-9 

2737 
2746 

275*5 
2763 
2772 
2781 
279-0 
2798 
2807 
2816 
2825 

2833 
284-2 
285*1 
2860 
2868 

2877 
2886 

150*8 
I5«'3 
1517 
152*2 
1527 
153*2 
1537 
1542 

154  7 
1551 

155  6~ 
1561 
1566 
1571 
157-6 
158*1 
158-5 
1590 

1600 

.6oy 

i6i-o 
161 '4 
161-9 
1624 
1629 

1634 
1639 
1644 
1648 

371 
372 
373 
374 
375 
376 
377 
378 
879 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 

3245 
3253 
3262 
3271 
328*0 
3288 

3297 
33°*6 
331*4 
3323 

1799 
180-4 
1808 

181I 
1823 
1828 
i83-3 
1837 
184-2 

431 
432 
433 
434 
435 
436 
487 
433 
439 
440 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 

4819 
482-8 
4836 
484*5 
485*4 
4863 
4871 
4880 
4889 
4898 

2671 
267-6 
2681 
2686 
2691 
2695 
2700 
2705 
27  ro 

A7±'5_ 

2720 

2725 

2729 

2734 

273*9 

2744 

2749 

275  4 
275*9 
2763, 
2768 

277*3 
2778 
2783 
2788 
2792 

2797 
280-2 
2807 
281*2 

333*2 
334*1 
3349 
335*8 
3367 
337*6 
338*4 
339*3 
340*2 

3411 

1847 
185a 

1857 
186-2 
1867 
187-1 
1876 
1881 
1886 
189-1 

441 
442 
443 
444 
445 
446 
447 
448 
449 
450 

2429 
2434 
2439 
244*3 
2448 
2453 
245*8 
2463 
2468 

247-3 

561 
562 
563 
564 
565 
566 
567 
568 
569 
570 

4906 
491*5 
492*4 
493*2 
494*1 
4950 

495*9 
4968 

4977 
498-S 

331 
332 
333 
334 
335 
336 
337 
338 
339 
340 

289*5 
2903 
2912 
292- 1 
2930 
293*8 
2947 
295*6 
2965 
297*3 

391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 

3419 
342  8 

3437 
344*6 
345*4 
346-3 
347*2 
348-1 
3489 
3498 

1896 
1900 
190-5 
191*0 

191*5 
1920 

192*5 
1930 

193*4 
1939 
194*4 
1949 
195*4 
1959 
1963 
1968 

1973 
197-8 
198-3 
1988 

199*3 
1997 

200-2 
2007 

201  2 
2017 

202  2 
2027 
203- 1 
2036 

D.Lat. 

451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 

3944 
395*3 
3962 
3970 
397*9 
3988 

3997 
4005 
4014 
4023 

511 
512 
513 
514 
515 
516 
517 
518 
519 
520 

4470 
447*8 
448-6 

449*5 
4504 
451-3 
452-2 

453*1 
4539 
4548 
455*6 
456-5 
457*4 
4583 
4591 
4600 
4609 
461-8 
462*6 
4635 

2478 
2482 
2487 
2492 

2497 
2502 
2506 

251-1 

251*6 
252  I 

2526 

2531 
2536 
2540 

254-5 
2550 

255-5 

2560 

2565 
2569 

571 

572 
573 
574 
575 
576 
577 
578 
579 
530 

499*4 
5003 
501*1 
502*0 
5029 
503-7 
5046 
5055 
5064 
507*2 

341 

342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 

298*2 
2991 
3000 
3008 
301*7 
3026 
3035 
3043 
3052 
3061 

3070 
3078 
3087 
3096 
3105 

3»3 
3122 

3i3*i 
3140 
314*8 

1653 
1658 
1663 
1668 
1673 
1677 
1682 
1687 
1692 
_L697_ 
1702 
1707 
1711 
171-6 
172-1 
1726 
1731 
173  6 
1740 

174-5 

3507 
351*6 
352*4 
3533 
354'2 
355*1 
355*9 
3568 

3577 
3586 

359*4 
3603 
361*2 
3621 
362-9 
3638 
3647 
3656 
366*4 
3673 

Dep. 

4032 
404-0 
4049 
4058 
4067 
4075 
4084 

4093 
4102 
41  ro 

2235 
224*0 
2245 
225O 
2254 
225*9 
2264 
226*9 

227*4 

2279 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534* 
535 
536 
537 
538 
539 
540 

581 
582 
583 
584 
585 
586 
587 
588 
589 
590 

5081 
5090 
5099 

5107 
5ir6 

5125 
5134 
5M-3 
5151 
5160 

2817 
282*2 
2827 
2832 
2836 
284*1 
2846 
285*0 

25l'5 
2860 

2865 
2870 

2875 
2880 
2885 
2889 
2894 
2899 

2904 
2909 

4119 

4128 

4I.T7 
4H5 
415*4 
4163 
4172 
4180 
4189 
419*8 

228*3 

2288 
2293 
2298 
2303 
2308 

231*3 
2317 
2322 

2327 

4644 
4653 
466  1 
467*0 

467? 
4688 
4696 
4705 
471*4 
4723 

2574 
2579 
2584 

258-9 
2594 
2599 
2603 
2608 

£1 

591 
592 
593 
594 
595 
596 
597 
598 
599 
600 

5169 
5177 
5186 

519*5 
5204 
5212 
522*1 
5230 
523*9 
524*8 

Dim. 

Dep. 

D.Lat. 

Dist. 

Dist. 

Dep. 

D.Lat. 

Disi. 

Dep.  JD.Lat 

Dist 

Dep. 

D.  Lat. 
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30° 

2*0" 

DUtlD.Ut 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist  D.  Lat. 

Dap. 

Dist 

D.Lat. 

Dep. 

1  1    0-9 

°*5 

61 

52-8 

30-5 

121 

104*8 

60*5 

181 

156-8 

90*5 

241 

208-7 

120  5 

a '  i*7 

I'O 

62 

53*7 

31*0 

122 

106*5 

6i*o 

182 

157*6 

91*0 

242 

209*6 

121*0 

3         2*6 

!*5 

63 

54-6 

3'*5 

123 

6,5 

183 

158-5 

9"*5 

243 

210*4 

1215 

4  .    3*5 

2*0 

64 

55*4 

32-0 

124 

107-4 

62*0 

184 

.82 

92*0 

244 

211-3 

122*0 

5      4/1 

2*5 

65 

563 

3**5 

125 

108-3 

62-5 

185 

925 

245 

212*2 

122*5 

6 

5*2 

30 

66 

57*2 

33-0 

126 

109- 1 

63*0 

186 

161-1 

93*0 

246 

213*0 

123*0 

7 

6-1 

3*5 

G7 

58*0 

33*5 

127 

JIO'O 

635 

W 

161*9 

93*5 

247 

2139 

123*5 

8 

69 

4*0 

68 

58.9 

34*o 

128 

no;9 

64*0 

188 

162-8 

94*0 

248 

214-8 

124*0 

a 

7'8 

4*5 

69 

59*8 

34*5 

129 

m*7 

64-5 

189 

1637 

94*5 

249 

215*6 
216*5 

1245 

10 
11 

8'7 

5*o 

70 

606 

35*o 

130 

1 12-6 

65*0 

190 

164-5 

95-0 

260 

125*0 

9*5 

11 

71 

615 

35*5 

131 

"3*4 

65*5 

191 

165.4 

95'5 

251 

i*7*4 

125*5 

12 

io*4 

72 

62*4 

36*0 

132 

"4*3 

66-O 

192 

166-3 

96*0 

252 

218*2 

126*0 

IS 

n*3 

6*5 

73 

63i 

36*5 

133 

115-2 

665 

193 

167*1 

965 

263 

219*1 

1265 

14 

1 2' 1 

7*0 

74 

641 

37*o 

134 

1160 

67-0 

194 

i68*o 

97-0 

254 

220'0 

127*0 

15 

13-0 

7*5 

75 

65*0 

37*5 

135 

116*9 

67*5 

195 

168-9 

97*5 

255 

220*8 

127*5 

16 

I3*9 

80 

76 

658 
66-7 

38*0 

136 

117-8 

680 

196 

1697 

98-0 

256 

221*7 

128*0 

17 

H*7 

8*5 

77 

38*5 

137 

nS-6 

68*5 

117 

170*6 

98-5 

257 

222*6 

128*5 

18 

156 

90 

78 

675 

39° 

138 

119-5 

69-0 

198 

171-5 

99*0 

258 

223*4 

129*0 

19 

165 

9*5 

79 

684 

39*5 

139 

120-4 

69- 5 

199 

172-3 

99*5 

259 

2243 

1295 

20 

*7*3 

io*o 

80 

69-3 

40*0 

140 

121*2 

70-0 

200 

173*1 

lOO'O 

260 

225*2 

130  0 

21 

l8*2 

10*5 

81 

70-1 

4<>*5 

141 

122*1 

70-5 

201 

174*1 

1005 

261 

226*0 

1 30- 5 

22 

19-1 

II'O 

82 

71-0 

41*0 

142 

123-0 

71-0 

202 

"74*9 

101*0 

262 

226-9 

131  0 

23 

19*9 

n*5 

83 

71-9 

4**5 

143 

1238 

7**5 

203 

175*8 

1015 

263 

227*8      131*5 

24 

20*8 

I2'0 

84 

72-7 

42*0 

144 

124*7 

72-0 

204 

176-7 

102*0 

264 

228*6 

132*0 

25 

21*7 

12*5 

85 

73-6 

4**  5 

145 

125-6 

72-5 

205 

177*5 

102*5 

265 

2295 

1325 

26 

225 

I3-0 

86 

74*5 

43-0 

146 

126-4 

73-0 

206 

1784 

103*0 

266 

230*4 

1330 

27 

234 

13*5 

87 

75*3 

43*5 

147 

127-3 

73*5 

207 

*79*3 

103*5 

267 

231*2 

*33*5 

28 

24-2 

I40 

88 

762 

44-0 

148 

128-2 

74*0 

208 

i8o*i 

104*0 

268 

232*1 

134*0 

29 

25-1 

*4*5 

89 

77-1 

44*5 

149 

129*0 

74*5 

209 

181-0 

1045 

269 

233*0 

"34*5 

90 

26*0 

15-0 

90 

77'9 

45'° 

150 

129? 

75*0 

210 

181*9 

105*0 

270 

233-8 

1350 

31 

268 

X5-5 

91 

78-8 

45*5 

151 

I30-8 

75*5 

211 

182-7 

105-5 

271 

*34*7 

"35*5 

32 

27'7 

16*0 

92 

79*7 

46*0 

152 

131*6 

76*0 

212 

183*6 

106*0 

272 

135*6 

136*0 

33    28-6 

165 

93 

80*5 

46*5 

153 

I3**5 

76*5 

213 

1845 

106*5 

273 

236-4 

1365 

34  1  294 

17-0 

94 

814 

47*0 

154 

'33*4 

77-0 

214 

*lP 

107-0 

274 

237*3 

137*0 

35 

30-3 

*7'S 

95 

823 

47*5 

155 

134-2 

77*-* 

216 

1861 

107*5 

275 

2382 

*37*5 

38 

31*1 

18*0 

96 

83-1 

480 

156 

135-1 

78*0 

216 

1871 

108*0 

276 

239*0 

138-0 

37 

32*0 

185 

97 

84-0 

48*5 

157 

1360 

78-5 

217 

187*9 

108-5 

277 

139*9 

1385 

38 

3i*9 

19*0 

98 

84-9 

49'° 

458 

136-8 

79*o 

218 

1888 

109*0 

278 

240*8 

139-0 

39 

33-8 

19*5 

99 

85-7 

49*5 

159 

i37'7 

79*5 

219 

189-7 

109-5 

279 

241*6 

*39'5 

40 

34*6 

20*0 

100 

86-6 

50-0 

160 

138-6 

80 -o 

220 

190-5 

IIO'O 

280 

2425 

140*0 

41 

35*5 

20-5 

101 

87*5 

5o*5 

161 

"39*4 

80*5 

221 

1914 

110*5 

281 

143*4 

1405 

42 

364 

21'0 

102 

88-3 

51-0 

162 

1403 

8ro 

222 

1923 

1 1 1*0 

282 

244-2 

141*0 

43 

37*2 

21*5 

103 

89-2 

5**5 

163 

1412 

8,*5 

223 

1931 

ni*5 

283 

245-1 

1415 

44 

381 

22*0 

104 

90-1 

52-0 

164 

142*0 

82-0 

224 

1940 

112*0 

284 

246*0 

142*0 

45 

39-0 

22' 5 

105 

90-9 

52-5 

165 

1420 
1438 

82-5 

225 

194*9 

1125 

285 

246*8  -  142*5 

46 

39  » 

23*C 

106 

91-8 

53*° 

166 

83*0 

226 

*95'7 

113*0 

286 

147*7 

143*0 

47 

407 

23-5 

107 

927 

53*5 

167 

,446 

83*5 

227 

1966 

1135 

287 

248*5 

*43*5 

48 

416 

24*0 

108 

93*5 

54-0 

168 

"45*5 

84-0 

228 

*97'5 

114-0 

288 

249-4 

1440 

49 

42-4 

»4"5 

109 

94*4 

54*5 

169 

1464 

84*5 

229 

198*3 

1145 

289 

250-3 

144*5 

50 

43*3 

25*0 

no 

95*3 

55*0 

170 

147-2 

85*0 

230 

199-2 

115-0 

290 

2511 

145*0 

51 

44*1 

a5'5 

111 

96*1 

55*5 

171 

148- 1 

85*5 

231 

200*I 

1155 

291 

252*0 

H5'5 

62 

450 

260 

112 

97-0 

56-0 

172 

1490 

86*o 

232 

200*9 

ii6*o 

292 

2529 

146*0 

53 

459 

26*5 

113 

97'f 

56-5 

173 

1498 

86- 5 

233 

201'8 

116-5 

293 

153*7 

146*  5 

54 

468 

27*0 

114 

98*7 

57-0 

174 

150*7 

87*0 

234 

202*6 

117*0 

294 

254-6 

147-0 

55 

47-6 

27-5 

115 

996 

57*5 

175 

1516 

87-5 

235 

203-5 

117*5 

295 

155*5 
256*3 

147*5 

56 

48-5 

28*0 

116 

100*5 

58-0 

176 

1524 

88*o 

236 

204*4 

ti8*o 

296 

148*0 

57 

49*4 

28-5 

117 

101-3 

58*5 

177 

'53*3 

88-5 

237 

205-2 

118-5 

297 

257*1 

1485 

58 

50*2 

29-0 

118 

102*2 

590 

178 

154*2 

89-0 

238 

206' 1 

119-0 

298 

258-1 

1490 

59 

511 

29-5 

119 

103*1 

59*5 

179 

155-0 

89*5 

239 

207-0 

i*9*5 

299 

258*9 

149*5 

60 

52-c 

30*0 

120 

103*9 

6o*o 

180 

"55*9 

90-0 

240 

207  8 

120*0 

300 

259*8 

150*0 

Diet 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lut 

Dist. 

Dnp. 

D.Lat 

Dist 

Dep. 

D.  Lat 

f>( 

p                                                        4h0n 
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TRAVERSE  TABLE   TO  DEGREES 

80°                                                        2h  0* 

Dist. 

D.Lat. 

Dep. 

Diit. 

D.Lat 

Dep. 

Diit. 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

2607 

150*5 

361 

312*6 

180-5 

421 

3646 

2105 

481 

4166 

240*5 

541 

4685 

270*5 

302 

261*5 

151*0 

362 

313*5 

181*0 

422 

3655 

21 IX) 

482 

4»7*4 

241-0 

542 

4694 

271*0 

303 

262*4 

1515 

363 

3M4 

i8i-5 

423 

3663 

211*5 

483 

418*3 

2415 

543 

470*3 

271*5 

304    263-3 

152*0 

364 

315^ 

182*0 

424 

3672 

2120 

484 

419*2 

242*0 

544 

47I-I 

272*0 

305 

264- 1 

1525 

365 

316-1 

1825 

425 

3681 

212*5 

485 

420*0 

242*5 

545 

472*0 

2725 

306 

2650 

153*0 

366 

3i7-o 

183-0 

426 

3689 

2130 

486 

4209 

2430 

546 

472*9 

2730 

307 

265-9 

153-5 

367 

317-8 

183-5 

427 

3698 

213*5 

487 

4218 

243*5 

547 

4737 

273*5 

308 

2667 

1540 

368 

3187 

1840 

428 

3707 

214*0 

488 

422*6 

244*0 

548 

474*6 

274*0 

309 

2676 

1545 

369 

3196 

1845 

429 

371*5 

2145 

489 

423-5 

2445 

549 

475*5 

2745 

310 

268-5 

1550 

370 

3204 

185-0 

430 

3724 

215*0 

490 

4244 

245*o 

550 

4763 

275*0 

311 

2693 

1555 

371 

321*3 

*li'* 

431 

373*3 

2i5*5 

491 

4252 

245*5 

551 

477*2 

275*5 

312 

2702 

1560 

372 

322-2 

i860 

432 

374*1 

216*0 

492 

426*1 

2460 

552 

4781 

276*0 

313 

271*1 

156-5 

373 

323*0 

1865 

433 

375*0 

2 1 65 

493 

4269 

2465 

553 

478-9 

2765 

314 

2719 

1570 

374 

3239 

1870 

434 

375-9 

217*0 

494 

4278 

2470 

554 

479*8 

2770 

315 

2728 

1575 

375 

3248 

187.5 

435 

3767 

217*5 

495 

4287 

247*5 

555 

4807 

2775 

316 

2737 

1580 

376 

325* 

1880 

436 

377*6 
378-5 

2180 

496 

4296 

2480 

556 

4815 

278-0 

317 

2745 

1585 

377 

326*5 

188-5 

437 

2185 

497 

430-4 

2485 

557 

4824 

278-5 

318 

275*4 

159*0 

378 

3274 

189*0 

438 

579*3 

2190 

498 

431-3 

249*0 

558 

4833 

2790 

3)9 

2763 

I59'5 

379 

3282 

1895 

439 

3802 

2195 

499 

4322 

249*5 

559 

4841 

2795 

320 

2771 

1600 

380 

3291 

1900 
"190*5 

440 

38n 

220-0 

500 

433*o 

250*0 

560 

4850 

2800 

321 

2780 

1605 

381 

330*0 

441 

3819 

220*5 

501 

4339 

2505 

561 

485  9 

2805 

322 

278-9 

161  0 

•382,  330-8 

191 0 

442 

3828 

22I*0 

502 

434*8 

251*0 

562 

4867 

281*0 

323 

2797 

1615 

383     3317 

191*5 

443 

3837 

221*5 

503 

435*6 

2515 

563 

487-6 

281*5 

324 

280*6 

1620 

384 

3326 

192*0 

444 

3845 

222-0 

504 

436-5 

252-0 

564 

4885 

282*0 

325 

281  5 

162  5 

385 

333*4 

1925 

445 

385-4 

222*5 

505 

437*4 

252*5 

565 

4893 

2825 

326 

2823 

1630 

386 

3343 

193-0 

446 

386-3 

2230 

506 

4382 

2530 

566 

490-2 

2830 

327 

2832 

1635 

387 

335*2 

193*5 

447 

3871 

223  5 

507 

439*1 

253*5 

567 

491-1 

2835 

328 

2841 

1640 

388 

3360 

1940 

448 

388*0 

224-O 

508 

440*0 

2540 

568 

4919 

284*0 

329 

2849 

1645 

389 

336-9 

194-5 

449 

388-9 

224*5 

509 

440*8 

254*5 

569 

4928 

2845 

330 

2858 

1650 

390 

337*8 

1950 

450 

3897 

225*0 

510 

441*7 

2550 

570 

493*6 

2850 

331 

2867 

1655 

391 

3386 

195-5 

451 

3906 

225*5 

511 

4426 

2555 

571 

494*5 

2855 

332 

^Z'5 

1660 

392 

339*5 

196*0 

452 

391*5 

226*0 

512 

4434 

256*0 

572 

495*4 

2860 

333 

2884 

1665 

393 

340-4 

1965 

453 

392*3 

226*5 

513 

444'3 

2565 

573 

496*3 

2865 

334 

2893 

1670 

394 

341-2 

197*0 

454 

393** 

227*0 

514 

445*2 

257*0 

574 

4971 

287*0 

835 

2901 

■S'5 

395 

3421 

197-5 

455 

394*o 

227*5 

515 

446*0 

2575 

575 

497*9 

287-5 

336 

291*0 

1680 

396 

3430 

198*0 

456 

394*9 

2280 

516 

446*9 

258*0 

576 

498-8 

2880 

337 

291-9 

1685 

397 

343*8 

198-5 

457 

395*8 

2285 

517 

4478 

258-5 

577 

4997 

2885 

33S 

2927 

169-0 

398 

3447 

199*0 

458 

3966 

229*0 

518 

448*6 

2590 

578 

5005 

2890 

339 

2936 

1695 

399 

345* 

'99*5 

459 

3975 

2295 

519 

449*4 

2595 

579 

5013 

2895 

340 

2945 

170*0 

400 

3464 

2000 

460 

398-4 

230*0 

520 

450-3 

260*0 

580 

502*2 

290*0 

341 

295*3 

170-5 

401 

347*3 

2005 

461 

3992 

230*5 

521 

4512 

2605 

581 

5031 

2905 

342 

2962 

1710 

402     3481 

20 1 -o 

462 

400-1 

2310 

522 

4521 

261*0 

582 

5040 

291*0 

343 

2971 

171-5 

403 

3490 

201*5 

463 

4010    2315 

523 

4529    2615 

583 

504*9 

291*5 

344 

*>ii 

1720 

404 

3499 

2020 

464 

40  r8 

232*0 

624 

4538    2620 

584 

5058 

292*0 

345 

2988 

1725 

405 

3507 

202-5 

465 

4027 

2325 

525 

454*7 

2625 

585 

5066 

2925 

346 

2997 

1730 

406 

351*6 

2030 

466 

4036 

2330 

526 

455  5 

2630 

586 

5075 

293*0 

347 

300*5 

1735 

407 

352*5 

2035 

467 

404*4 

233*5 

527 

4564 

2635 

587 

5084 

2935 

S48 

301*4 

174-0 

408 

3533 

2040 

468 

4°5*3 

2340 

528 

457*3 

264-0 

588 

5092 

2940 

349 

302-3 

1745 

409 

354*2 

2045 

469 

4062 

234*5 

529 

4581 

2645 

589 

510- 1 

2945 

350 

3031 

1750 

410 

3551 

2050 

470 

407*0 
4079 

2350 

530 

4590 

2650 

590 

511  0 

2950 
295*5 

351 

304*0 

'755 

411 

355*9 

2055 

471 

2355 

531 

459*9 

265-5 

591 

5118 

352 

3048 

1760 

412 

3568 

2060 

472 

4088 

2360 

532 

4607 

2660 

592 

5127 

2960 

353 

3057 

176*5 

413 

357  7 

2065 

473 

4096 

2365 

533 

461-6 

2665 

593 

5136 

2965 

354 

3066 

1770 

414 

358-5 

2070 

474 

4105 

2370 

534 

4625 

267*0 

594 

514*4 

297*0 

355 

3074 

177*5 

415 

3594 

207*5 

475 

411*4 

2375 

535 

4633 

2675 

595 

5  "5*3 

297*5 

356 

3083 

1780 

416 

36o*3 

208*0 

476 

412*2 

238*0 

536 

4642 

2680 

596 

5162 

298-0 

357 

3092 

178-5 

417 

361  1 

2085 

477 

4131 

2385 

537 

4651 

2685 

597 

5170 

2985 

358 

310*0 

1790 

418 

362*0 

2090 

478 

4140 

2390 

538 

4659 

2690 

598 

517*9 

299*0 

359 

310*9 

1795 

419 

362-9 

2095 

479 

4148 

239*5 

539 

4668 

2695 

599 

5188 

299*5 

360 

3118 

180*0 

420 
Dist 

3637 

2100 

480 

4157 

240*0 

540 

4677 

2700 

600 

5196 

3000 

Dirt. 

Dep. 

D.  Lat 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

60°                                                         4h0m 
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TABLE  1 


TRAVKRfiB  TABLE  TO 

VEG 

UtEES 

31° 

2»4» 

Dist 

D.Lat 

Dep. 

Dist. 

D.  I.at 

Dep. 

Dist 

D.  L*i. 

Dep. 

Dist 

D.Lat 

Dep. 

DistD.Lat|  Dep. 

1 

09 

0*5 

61 

5»'3 

314 

121 

1037 

62*3 

181 

155*1 

93*2 

241 

206*6    124*1 

2 

i'7 

I'O 

62 

53» 

3i*9 

122 

104*6 

62*8 

182 

156*0 

93*7 

242 

207*4 

124*6 

3 

2*6 

>-5 

63 

54*0 

3*'4 

123 

105*4 

63*3 

183 

156-9 

94*3 

243 

208*3 

125*2 

4 

3*4 

2*1 

64 

54*9 

330 

124 

106*3 

63*9 

184 

"57*7 

94-8 

244 

209*1 

126*2 

6 

V3 

2'6 

65 

55'7 

33*5 

125 

107*1 

64*4 

185 

158*6 

95*3 

245 

210*0 

6 

5'« 

3*i 

66 

56-6 

34*0 

126 

108*0 

64*9 

180 

159*4 

95-8 

246 

2IO*9 

126*7 

7 

6*o 

3-6 

67 

57'4 

34*5 

127 

108*9 

65*4 

187 

160-3 

96*  3 

247 

211*7 

127*2 

8  1    6*9 

4i 

68 

5«'3 

35*0 

128 

1097 

65*9 

188 

161*1 

968 

248 

212*6 

127*7 

9 

7*7 

4-6 

69 

59-1 

355 

129 

no*6 

66*4 

189 

162*0 

97'3 

249 

213*4 

128*2 

10 

8*6 

5*2 

70 

6o-o 

36*1 

130 

m*4 

67*0 

190 

162*9 

97*9 

250 

214*3 

128*8 

11 

9*4 

5'7 

71 

60*9 

366 

131 

1123 

67*5 

191 

1637 

98*4 

251 

215*1 

129*3 

19     io'3 

6*2 

72 

617 

37*i 

132 

113*1 

68*o 

192 

1646 

98*9 

262 

216*0 

129-8 

13 

ii*i 

67 

73 

626 

37*6 

133 

114*0 

685 

193 

165*4 

99*4 

253 

216*9 

130-3 

14 

12*0 

7-2 

74 

634 

381 

134 

1 149 

69*0 

194 

166-3 

99.9 

254 

2177 

130*8 

16 

I2'9 

7*7 

75 

64-3 

38*6 

135 

1157 
1 1 6-6 

69*  5 

195 

167*1 

100*4 

256 

2186 

13"*3 

16 

137 

82 

76 

651 

39*i 

136 

70*0 

196 

i68*o 

100*9 

256 

2194 

131-8 

17 

14*6 

8-8 

77 

66*o 

J9'7 

137 

117*4 

70*6 

197 

168*9 

1015 

257 

220*3 

132*4 

18 

15*4 

9*3 

78 

669 

40*2 

138 

n8*3 

71-1 

198 

1697 

I02'0 

258 

221*1 

132*9 

19 

i6-3 

9-8 

79 

677 

40*7 

139 

1 19*  1 

71-6 

199 

170*6 

102*5 

269 

222*0 

133*4 

20 

17-1 

1C3 

80 

68*6 

412 

140 

120*0 

72*1 

200 

171*4 

103*0 

260 

222*9 

133*9 

21 

i8*o 

10*8 

81 

69-4 

417 

141 

120*9 

72*6 

201 

172*3 

103*5 

261 

2237 

134-4 

22 

i8*9 

113 

82 

70-3 

42*2 

142 

121*7 

73*1 

202 

173*1 

104*0 

262 

224*6 

134-9 

23 

197 

u»8 

83 

711 

42*7 

143 

122*6 

73*7 

203 

174*0 

104*6 

263 

225*4 

135-5 

24 

20*6 

I2'4 

84 

72*0 

43*3 

144 

123*4 

74*2 

204 

174*9 

1051 

264 

226*3 

136*0 

2d 

2i*4  1 12*9 

85 

72-9 

43'8 

145 

1*4*3 

74*7 

205 

175*7 

105*6 
106*1 

265 

227*1 

136*5 

26 

22'3 

13*4 

86 

73*7 

44*3 

146 

1251 

75*2 

206 

176*6 

266 

228o 

137*0 

27 

231 

139 

87 

74-6 

44'8 

147 

120*0 

75'7 

207 

177*4 

1066 

267 

228*9 

137*5 

28 

24*0 

144 

88 

75*4 

45*3 

148 

126*9 

76*2 

208 

178*3 

107*1 

268 

2297 

138*0 

29 

24-9 

H*9 

89 

763 

45'8 

149 

127*7 

76*7 

209 

179*1 

107*6 

269 

230*6 

138*5 

30 

257 

*5'S 

90 

77#i 

46*4 

150 

128*6 

77*3 

210 

180*0 

108*2 

270 

23I*4 

1391 

31 

26*6 

16*0 

91 

78-0 

46*9 

151 

1294 

77*8 

211 

1809 

1087 

271 

23^-3 

139*6 

32 

*7*4 

165 

92 

78-9 

47*4 

152 

130*3 

78*3 

212 

1817 

109*2 

272 

233*i 

140*1 

33 

283 

17*0 

93 

79'7 

47*9 

163 

1*5  ri 

788 

213 

182*6 

1097 

273 

234*0  •  140*6 

34 

29' 1 

»7'5 

94 

806 

48*4 

154 

132*0 

79*3 

214 

183*4 

110*2 

274 

234*9 

141-1 

36 

30*0 

18*0 

95 

81*4 

489 

155 

132*9 

79*8 

215 

184*3 

1 107 

275 

235*7 

141*6 

36 

30-9 

18.5 

96 

823 

49*4 

156 

*33*7 

80*3 

216 

185-1 

111*2 

276 

236*6 

142*2 

37 

317 

191 

97 

831 

50*0 

157 

134-6 

809 

217 

186*0 

111*8 

277 

237*4 

142*7 

38 

32*6 

196 

98 

84-0 

50"5 

158 

H5*4 

814 

218 

1869 

112*3 

278 

238*3 

H3*2 

39 

33*4 

20*1 

99 

84-9 

51*0 

159 

1363 

81*9 

219 

187*7 

112*8 

279 

239*  1 

143*7 

40 

34*3 

20*6 
211 

100 

85*7 

5i*5 

160 

137-1 

824 

220 

188*6 

113-3 

280 

240*0 

144*2 

41 

351 

101 

86-6 

52*0 

161 

138*0 

82-9 

221 

1894 

113-8 

281 

240*9 

144*7 

42 

36-0 

21-6 

102 

87*4 

5*5 

162 

1389 

83*4 

222 

190*3 

114*3 

282 

241*7 

145*2 

43 

36-9 

22*1 

103 

88-3 

53-0 

163 

139*7 

84*0 

223 

1911 

1*4*9 

283 

242*6 

145*8 

44 

377 

227 

104 

89-1 

53*6 

164 

140*6 

84*5 

224 

192*0 

1 15-4 

284 

243*4 

146*3 

45 

38*6 

23-2 

105 

90*0 

54'i 

165 

141*4 

850 

225 

192*9 

115*9 

285 

244*3 

146*8 

46 

39*4 

237 

106 

90-9 

54*6 

166 

142*3 

85*5 

226 

193*7 

116*4 

286 

245*1 

147*3 

47 

40-3 

242 

107 

917 

55*i 

167 

143*1 

86-o 

227 

194*6 

n6*9 

287 

246*0 

147-8 

48 

4»'i 

247 

108 

92*6 

55*6 

168 

144-0 

86*5 

228 

195*4 

117*4 

288 

246*9 

148*3 

49 

42-0 

25'2 

109 

93*4 

56*1 

169 

1449 

8j-o 

229 

196*3 

117*9 

289 

247*7 

1488 

50 

429 

25-8 

110 

94*3 

567 

170 

145*7 

87*6 

230 

197*1 

n8*5 

290 

248*6 

149*4 

51 

43*7 

26*3 

HI 

95-1 

57*2 

171 

146*6 

881 

231 

198*0 

119*0 

291 

249*4 

149*9 

52 

44-6 

268 

112 

96*0 

57'7 

172 

147*4 

88-6 

232 

198-9 

ii9'5 

292 

250*3 

150*4 

53 

45*4 

27-3 

113 

96-9 

58*2 

173 

148*3 

89*1 

233 

1997 

120*0 

293 

251*2 

150*9 

54 

46-3 

27-8 

111 

97*7 

58-7 

174 

149*1 

89*6 

234 

200*6 

120*5 

294 

252*0 

151*4 

55 

47'I 

28-3 

115 

98-6 

59*2 

175 

150*0 

90*1 

235 

20 1*4 

121*0 

295 

252-9 

I5i*9 

56 

48-0 

28-8 

116 

99*4 

59*7 

176 

1509 

90*6 

236 

202  •  3 

121*5 

296 

253*7 

152*5 

57 

48-9 

29-4 

117 

100*3 

60-3 

177 

151*7 

91*2 

237 

203*1 

1221 

297 

2546 

1530 

58 

49*7 

299 

118 

IOI'I 

6o-8 

178 

152*6 

91*7 

238 

204*0 

122*6 

298 

*55*4 

153*5 

59 

50-6 

30-4 

119 

102*0 

61*3 

179 

153*4 

92*2 

239 

204*9 

123*1 

299 

256*3 

154*0 

60 

5'*4 

30-9 

120 

102*9 

6i-8 

180 

154*3 

9**7 

240 

2057 

123*6 

300 

257*1 

154*5 

Dist 

Dep. 

D.Lat 

Dist. 

Dep.  jD.Lal 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep 

D.  1st. 

Dist 

Dep. 

D.Lat 

5< 

$°                                                       3b  56ra 

TABLE 

1 
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TRAVERSE  TABLE  TO  DEGREES 

81p                                                          2*  4- 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

901 

2580 

1550 

361 

3094 

1859 

421 

3609 

2168 

481 

412*3 

2477 

541 

4637 

2786 

302 

2589 

1555 

362 

3103 

1864 

422 

3617 

217*3 

482 

4132 

2482 

542 

4646 

2791 

303 

2597 

156-1 

363 

3112 

1870 

423 

3626 

2179 

483 

4140 

2488 

543 

4654 

2797 
2802 

304 

2606 

1566 

364 

312-0 

1875 

424 

3634 

2184 

484 

414*9 

249  3 

544 

4663 

305 

261*4 

Wi 

365 

312*9 

188*0 

425 

3643 

2189 

485 

4157 

2498 

545 

4672 

2807 

306 

262-3 

1576 

366 

3137 

1885 

426 

3652 

2194 

486 

4166 

250*3 

546 

4680 

281-2 

307 

263*2 

1 58- 1 

367 

3«4*6 

1890 

427 

366*0 

2199 

487 

4174 

2508 

547 

4689 

2817 

308 

264*0 

1586 

368 

3154 

1895 

428 

3669 

220-4 

488 

4183 

251*3 

548 

4697 

282-3 

309 

2649 

1592 

369 

316*3 

190-1 

429 

3677 

221*0 

489 

4192 

2519 

549 

4706 

2828 

310 

2657 

1597 

370 

317-2 

1906 

430 

3686     221*5 

490 

4200 

2524 

550 

471-4 

2833 

.311 

2666 

1602 

371 

3180 

191*1 

431 

3694 

222*0 

491 

4209 

252*9 

551 

472*3 

2838 

312 

2674 

1607 

372 

3189 

191*6 

432 

370-3 

222*5 

492 

4217 

253*4 

552 

4732 

2843 

313 

2683 

l6l '2 

373 

3197 

192*1 

433 

3712 

223*0 

493 

422*6 

253*9 

553 

4740 

2848 

314 

269*2 

l6l*7 

374 

3206 

1926 

434 

372-0 

223*5 

494 

4234 

254*4 

554 

474  9 

285-3 

315 

2700 

l62'2 

375 

321-4 

1931 

435 

372*9 

224O 

495 

424-3 

2549 

555 

4757 

2858 

316 

2709 

162-8 

376 

3223 

1937 

436 

3737 

2246 

496 

4252 

2555 

556 

4766 

2864 

317 

2717 

1633 

377 

3232 

194-2 

437 

3746 

2251 

497 

426*0 

2560 

557 

477*4 

2869 

318 

272*6 

I638 

378 

3240 

1947 

438 

375*4 

225*6 

498 

4269 

2565 

558 

478-3 

2874 

319 

2734 

l643 

379 

3249 

1952 

439 

376-3 

226- 1 

499 

4277 

2570 

559 

4792 

287-9 

320 

2743 

I648 

380 

3257 

1957 

440 

377'2 

226*6 

500 

4286 

257*5 

560 

4800 

2884 

2^5*9 

321 

275*2 

l653 

381 

3266 

196*2 

441 

378o 

227*1 

501     4294 

258*0 

561 

4809 

322 

276*0 

I658 

382 

3274 

1967 

442 

378-9 

227*7 

502    4303 

2586 

562 

4817 

2895 

323 

2769 

1664 

383 

3283 

197*3 

443 

3797 

228*2 

503 

4312 

2591 

563 

482-6 

2900 

324 

2777 

1669 

384 

3292 

197-8 

444 

3806 

2287 

504 

4320 

2596 

564 

4834 

2905 

325 

2786 

1674 

385 

3300 

1983 

445 

38i-4 

229*2 

505 

4329 

2001 

565 

4843 

291-0 

326 

279*4 

1679 

386 

330-9 

1988 

446 

3823 

2297 

506 

4337 

260*6 

566 

4852 

2915 

327 

2803 

1684 

387 

33^7 

199*3 

447 

3832 

2302 

507 

4346 

261*1 

567 

4860 

2920 

328 

2812 

1689 

388 

332*6 

1998 

448 

384-0 

2307 

508 

4354 

2616 

568 

4869 

2925 

329 

282*0 

1695 

389 

333*4 

2O0'4 

449 

3849 

2313 
2318 

509 

436-3 

2622 

569 

4877 

293-1 

380 

2829 

170-0 

390 

334*3 

200*9 

450 

385-7 

510 

437*2 

262*7 

570 

4886 

2936 

331 

2837 

1705 

391 

335*2 

201-4 

451 

3866 

2323 

511 

4380 

2632 

571 

4894 

294*1 

332 

284*6 

171-0 

392 

336o 

201*9 

452 

3874 

232-8 

512 

438*9 

2637 

572 

490*3 

294*6 

383 

*5l'4 

171*5 

393 

3369 

202*4 

453 

388*3 

2333 

513 

4397 

264*2 

573 

4912 

2951 

334 

2863 

1720 

394 

337  7 

202-9 

454 

389*2 

*33* 

514 

4406 

2647 

574 

492-0 

2956 

335 

287*2 

1725 

395 

3386 

2034 

455 

390*0 

2343 

515 

441*4 

2652 

575 

492-9 

296*1 

336 

288*0 

1731 

396 

3394 

2040 

456 

390-9 

234*9 

516 

442*3 

2658 

576 

4937 

2967 

337 

2889 

1736 

397 

340-3 

204-5 

457 

391*7 

235*4 

517 

443*2 

2663 

577 

494*6 

2972 

338 

2897 

1741 

398 

341*2 

205*0 

458 

392-6 

235*9 

518 

4440 

2668 

578 

495*4 

2977 

332 

2906 

174*6 

399 

3420 

2055 

459 

393*4 

236-4 

519 

4449 

2673 

579 

496-3 

2982 

340 

291*4 

I75'i 

400 

3429 

2060 

460 

3943 

2369 

520 
521 

4457 

2678 

,*80 

497*2 

2987 

341 

2923 

175*6 

401 

343  7 

2065 

461 

395*2 

237*4 

446*6 

2683 

581 

498o 

2992 

342 

2932 

176  1 

402 

344*6 

207*0 

462 

3960 

2380 

522 

447*4 

2689 

582 

498-9 

2998 

343 

2940 

1767 

403 

345*4 

207-6 

463 

396-9 

2385 

523 

448-3 

2694 

583 

4997 

300-3 

344 

2949 

1772 

404 

346-3 

2081 

464 

3977 

239*0 

524 

4492 

2699 

584 

5006 

3008 

345 

2957 

1777 

405 

3472 

208*6 

465 

3986 

2395 

525 

4500 

2704 

585 

5014 

3013 

346 

2966 

1782 

406 

348o 

209*1 

466 

399*4 

2400 

526 

4509 

2709 

586 

502-3 

3018 

347 

297-4 

1787 

407 

3489 

2096 

467 

400-3 

240*5 

527 

451*7 

2714 

587 

503*2 

3023 

348 

2983 

1792 

408 

3497 

210 1 

466 

401*2 

2410 

528 

4526 

271*9 

588 

5040 

3028 

349 

2992 

1798 

409 

3506 

210-7 

469 

4020 

2415 

529 

453*4 

2724 

589 

5049 

3033 

350 

3000 

1803 

410 

351-4 

211*2 

470 

402-9 

242  1 

530 

4543 

273*o 

590 

505-7 

3039 

351 

300*9 

1808 

411 

352*3 

211*7 

471 

4037 

242-6 

531 

455*2 

273*5 

591 

5066 

3044 

352 

3017 

181-3 

412 

353*2 

212*2 

472 

4046 

243-1 

532 

4560 

2740 

592 

5074 

3049 

353 

3026 

181  *8 

413 

3540 

212*7 

473 

4054 

243*6 

533 

4569 

274*5 

593 

5083 

305-4 

354 

3034 

1823 
1828 

414 

354*9 

213*2 

474 

4063 

2441 

534 

457*7 

2750 

594 

5092 

305*9 

355 

3043 

415 

3557 

2137 

475 

4072 

2446 

535 

4586 

275*5 
2761 

595 

5100 

3064 

356 

3052 

1834 

416 

3566 

214*3 

476 

4080 

2452 

536 

459*4 

596 

510*9 

307*0 

357 

306*0 

1839 

417 

357*4 

2148 

477 

4089 

2457 

537 

4603 

2766 

597 

5"7 

307-5 

358 

3069 

1844 

418 

3583 

2153 

478 

4097 

2462 

538 

461*2 

2771 

598 

5126 

308*0 

359 

3077 

1849 

419 

359*2 

215-8 

479 

4106 

2467 

539 

462*0 

277-6 

599 

5*34 

3085 

360 

3086 

1854 

420 

3600 

2163 

480 

411*4 

247*2 

540 

4629 

2781 

600 

5M3 

3090 

Dist. 

pep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 
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Dist 

D.Ut  Dtp. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Ut 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Ut. 

Dep. 

1 

o*8 

0-5 

61 

5i*7 

3*'3 

121 

102*6 

64*1 

181 

153*5 

95*9 

241 

•04*4 

127*7 

2 

1*7 

i-i 

62 

52*6 

329 

122 

>03-5 

•54-7 

182 

154*3 

96*4 

242 

205*2 

128*2 

3 

**5 

r6 

63 

534 

33*4 

123 

104*3 

65*2 

183 

155*2 

97'o 

243 

206*1 

128-8 

4 

3*4 

2*1 

64 

54*3    33*9 

124 

105*2 

65-7 

184 

156*0 

975 

244 

206*9 

1*9*3 

6 

4-2 

2*6 

65 

55*1 

34*4 

126 

106*0 

66*2 

185 

1569 

98*0 

245 

207-8 

1298 

6 

5-1  ,    3-2 

66 

56*0 

35-0 

126 

106*9 

66*8 

186 

1577 

98*6 

246 

208*6 

130-4 

7 

5*9      3*7 

67 

56-8 

3r5 

36*0 

127 

1077 

67*3 

187 

1586 

99*i 

247 

209-5 

130-9 

8 

6-8 

4*2 

68 

57*7 

128 

108-6 

67*8 

188 

159*4 

996 

248 

210*3 

131-4 

9 

7'6 

48 

69 

58-5 

36*6 

129 

109*4 

68*4 

189 

160*3 

IOO*2 

249 

211*2 

«3i*9 

10 

8-5 

5' 3 

70 

59*4 

37#i 

130 

IIO'l 

68*9 

190 

161*1 

IOO7 

250 

212-0 

132*5 

11 

9*3 

5'8 

71 

60*2 

37-6 

131 

ni'i 

69.4 

191 

162*0 

IOX'2 

251 

212*9 

133*0 

12 

IO'2 

6-4 

72 

611 

38a 

132 

iii*9 

699 

192 

162*8 

IOI7 

252 

2137 

133*5 

13 

ll'O 

6-9 

73 

61*9 

38-7 

133 

112*8 

70*5 

193 

1637 

102*3 

263 

214*6 

1 34- 1 

14 

11-9 

7'4 

74 

62-8 

392 

134 

1136 

7i'o 

194 

164*5 

101*8 

264 

*15'4 

134*6 

16     i»*7 

7'9 

76 

636 

39*7 

135 

114*5 

71*5 

196 

165*4 

103*3 

255 

216*3 

1351 

16 

13-6 

8-5 

76 

64.5 

40*3 

136 

115*3 

71*1 

196 

1662 

103*9 

256 

217*1 

135*7 

17 

144 

9-0 

77 

&\ 

40*8 

137 

116*2 

72*6 

197 

167*1 

104*4 

257 

217*9 

136-2 

IS 

T3 

16*1 

9*5 

78 

4'*3 

138 

117-0 

731 

198 

167*9 

104*9 

258 

218-8 

136-7 

19 

10' 1 

79 

67*0 

419 

139 

117-9 

73*7 

199 

1688 

105*5 

259 

219*6 

137*2 

20 

17*0 

io->6 

80 

67'8 

4*'4 

140 

ii8*7 

74*2 

200 

1696 

106  *o 

260 

220*5 

137-8 

21 

17*8 

hi 

81 

68-7 

42*9 

141 

119*6 

74'7 

201 

170*5 

106*5 

261 

221*3 

138-3 

22 

i*'7 

117 

82 

695 

43*5 

142 

120*4 

75'* 

202 

171*3 

107*0 

262 

222*2 

1388 

23 

19-5 

12*2 

83 

70-4 

44*0 

143 

121*3 

75-8 

203 

172*2 

107*6 

263 

223*0 

139*4 

24 

20'4 

12*7 

84 

71*2 

44*5 

144 

122*1 

76*3 

204 

173*0 

108*1 

264 

**a*9 

1399 

26 

21*2 

132 

85 

72-1 

45*0 

145 

123*0 

76-8 

206 

173-8 

108*6 

266 

224*7 

1404 

26 

22*0 

13-8 

86 

729    45'6 

146 

123*8 

77*4 

206 

174-7 

109*2 

26*5 

225*6 

141*0 

27 

22*9 

H'3 

87 

73-f 

461 

147 

124*7 

77*9 

207 

175*5 

109-7 

267 

226-4 

Hi'5 

28 

23'7 

14*8 

88 

74-6 

46*6 

148 

125*5 

78-4 

208 

176-4 

IIO*2 

268 

227*3 

142*0 

29 

24*6 

*5'4 

89 

75*5 

47*2 

149 

126*4 

79*o 

209 

177-2 

uo-8 

269 

2l8*I 

1425 

80 

15-4 

«5*9 

90 

76-3 

47*7 

160 

117-2 

79*5 

210 

178*1 

1113 

270 

229*0 

143*  1 

31 

263 

16*4 

91 

77-2 

48*2 

161 

128*  1 

80-0 

til 

178*9 

iu-8 

271 

229*8 

143*6 

32 

271 

17-0 

92 

78*0 

48*8 

162 

128*9 

80*5 

212 

179*8 

1123 

272 

230*7 

144*1 

33 

28*0 

17*5 

93 

78-9 

49*3 

163 

129*8 

8n 

213 

180*6 

112-9 

273 

231*5 

144*7 

34 

28*8 

18*0 

94 

79*7 

49*8 

164 

130*6 

81*6 

214 

1815 

113-4 

274 

232*4 

145*2 

36 

29-7 

18*5 

95 

806 

50*3 

155 

131*4 

82*1 

216 

182*3 

113*9 

275 

233*2 

145*7 

36 

30-5 

19*1 

96 

8i'4 

50*9 

156 

132*3 

82*7 

216 

1832 

1145 

276 

234-1 

1463 

37 

31-4 

19*6 

97 

82-3 

5"'4 

157 

133*1 

832 

217 

184*0 

1150 

277 

^34*9 

1468 

38 

32*2 

20' 1 

98 

831 

5''9 

158 

134*0 

8r7 

218 

1849 

1155 

278 

23I1 
236*6 

147*3 

39 

33*1  |  207. 

99 

84-0 

5*' 5 

159 

134-8 

84*3 

219 

1857 
186-6 

1161 

279 

147*8 

40 

33-9    2i*2 

100 

84-8 

53-0 

160 

135*7 

848 

220 

116*6 

280 

*37'5 

148-4 

41 

34-8 

21*7 

101 

85*7 

53'5 

161 

136*5 

853 

221 

187*4 

117*1 

281 

238*3 

«48-9 

42 

35-6 

22' 3 

102 

86-5 

54' » 

162 

137*4 

85*8 

222 

188*3 

117-6 

282 

239-1 

149-4 

43 

36.5 

22*8 

103 

87-3 

546 

163 

138*2 

86*4 

223 

189-1 

Il8*2 

283 

240*0 

150-0 

44 

37*3 

23*3 

104 

88-2 

55-i 

164 

139*1 

869 

224 

190*0 

1187 

284 

240*8 

150*5 

45  ,  382 

23'8 

105 

89*0 

55-6 

165 

1399 

87*4 

225 

190*8 

1192 

285 

241*7 

1510 

46 

39-0 

24> 

106 

899 

56*2 

166 

140*8 

88*o 

226 

191*7 

119*8 

286 

242*5 

151-6 

47 

39*9 

24-9 

107 

9°*7 

56-7 

167 

141-6 

88*5 

227 

192*5 

I20*>3 

287 

243*4 

152*1 

48 

407 

*5*4 

108 

91*6 

57-2 

168 

142*5 

!9'? 

228 

193*4 

120*8 

288 

2442 

152*6 

49 

41*6 

26-0 

109 

9*'4 

57'8 

169 

143-3 

89*6 

229 

1942 

1214 

289 

245*1 

I53*i 

60 

42*4    26*5 

no 

93*3 

58-3 

170 

144*2 

90*1 

230 

1951 

121*9 

290 

145*9 

153*7 

51 

43*3 

27*0 

111 

94-1 

58*8 

171 

1450 

90*6 

231 

195*9 

122*4 

291 

246*8 

154*2 

52 

44*  1 

27*6 

112 

95-0 

59*4 

172 

145*9 

911 

232 

196*7 

122*9 

292 

2476 

154-7 

53 

44*9 

28-1 

113 

95'8 

59*9 

173 

146*7 

91*7 

233 

197*6 

123*5 

293 

248*5 

«55*3 

54 

45-8 

28*6 

114 

96-7 

60*4 

174 

147-6 

92*2 

234 

198-4 

124*0 

294 

249*3 

155*8 

55 

466 

29*1 

116 

97-5 

60*9 

175 

1484 

9**7 

235 

199*3 

124*5 

295 

250*2 

1563 

56 

47*5 

*9*7 

116 

98*4 

6,-s 

176 

149*3 

93*3 

236 

200*1 

1251 

296 

251*0 

156*9 

67 

48*3 

30*2 

H7 

992 

62*0 

J  77 

150*1 

93*8 

237 

201*0 

1256 

297 

2519 

157*4 

58 

49-2 

307 

)18 

ICO'l 

625 

178 

15H0 

94*3 

238 

20I*8 

126*1 

298 

252-7 

1579 

59 

50*0 

3i*3 

U9 

100*9 

63., 

179 

1518 

94*9 

239 

202*7 

126*7 

299 

253*6 

158-4 

60 

509 

31-8 

120 

101*8 

636 

180 

152-6 

95'4 

240 

203*5 

127*2 

300 

*54*4 

159-0 

Dirt 

Dep. 

D.Lat 

Dist 

Dep. 

D.Ut 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Ut. 

Dist. 

Dep.  :D.  Ut 

5f 

1° 
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Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist.  D.  Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

255'3 

1595 

361 

3062 

1913 
191-8 

421 

357*o 

223-1 

481 

407*9 
4088 

254*9 

541 

4588 

2867 

302 

2561 

1600 

362 

307*0 

422 

357*9 

223*6 

482 

255*4 

542 

459*6 

2872 

303 

257-0 

1605 

363 

307'9 

1923 

423 

3587 

2241 

483    4096 

255*9 

543 

4605 

2877 

804 

2578 

1611 

364 

3087 

1929 

424 

359*6 

2247 

484  1  4105 

2565 

544 

4613 

2883 
2888 

305 

2587 

1616 

365 

3095 

193*4 

425 

3604 

225*2 

485!  411-3,  2570 

545 

462-2 

306 

2595 

162*  1 

366 

3104 

193*9 

426 

3613 

2257 

486 

4122    257-5 

546 

4630 

2893 

307 

260*4 

1627 

367 

31 1*2 

194*5 

427 

362*1 

2263 

226*8 

487 

413*0 

2581 

547 

4639 

2899 

308 

261*2 

1632 

368 

312*1 

1950 

428 

363*0 

488 

4139 

2586 

548 

4647 

290-4 

309 

2621 

1637 

369 

312*9 

195*5 

429 

363*8 

2273 

489 

4147 

2591 

549 

4656 

2909 

310 
311 

262*9 
2638 

1643 
164? 

370 
371 

313-8 
3146 

196*0 

430 

364*7 

2278 

490 

415*6 

259*6 

550 

466-4 
4673 

_29£5 
2920 

196*6 

431 

365*5 

228*4 

491 

4164 

2602 

551 

313 

264-6 

1653 
1658 

372 

3155 

I97'i 

432 

3664 

2289 

492 

417*3 

2607 

552 

4681 

2925 

313 

2654 

373 

316-3 

197*6 

433 

367*2 

2294 

493 

4I8-I 

261**2 

553 

4690 

2930 

314 

266*3 

1664 

374 

3I7-2 

198*2 

434 

3681 

230-0 

494 

4190 

261*8 

554 

4698 

2936 

315 

267*1 

1 66*9 

375 

3l8*0 

1987 

435 

368*9 

2305 

495 

4198 

2623 
262-8 

555 

4707 

2941 

316 

268*0 

1674 

376 

3I8-9 

199-2 

436 

369*8 

231*0 

496 

420*6 

556 

471*5 

2946 

317 

2688 

1680 

377 

3197 

199*8 

437 

37o-6 

2316 

497 

4215 

2634 

557 

4724 

2952 

318 

2697 

168*5 

378 

320*6 

2003 
2008 

438 

371*5 

2321 

498 

4223 

2639 

558 

473*2 

2957 

319 

270*5 

1690 

379 

321*4 

439 

372*3 

2320 

499 

4232 

2644 

559 

474*1 

2962 

320 

2714 

1696 

380 

322  3 
3231 

2013 

440 

373*2 
374*o 

233" 

2337 

500 
501 

424-0 
4249 

2650 

560 

474*9 

2967 

321 

272-2 

170*1 

381 

201*9 

441 

2655 

561 

475*8 

297*3 
2978 

322 

273*1 

170*6 

382 

3240 

202*4 

442 

374*8 

234*2 

502 

4257 

2660 

562 

4766 

823 

2739 

171*1 

383 

3248 

202'9 

443 

375*7 

2347 

503 

4266 

266*5 

563 

477*5 

2983 

324 

2748 

1717 

384 

3257 

203-5 

444 

376*5 

235*3 

504 

427*4 

267- 1 

564 

478-3 

2989 

325 

2756 

172*2 

385 

326*5 

204'0 

445 

377-4 

2358 

505 

428-3 

2676 

565 

479*2 

299*4 

326 

2765 

1727 

386 

3274 

2045 

446 

378-2 

2363 

506 

4291 

2681 

566 

4800. 

299*9 

327 

2773 

1733 

387 

328*2 

205I 

447 

379*1 

2369 

507 

4300 

2687 

567 

48o-9 

3O0-5 

328 

2782 

173-8 

388 

3291 

2056 

448 

379'9 

237*4 

508 

4308 

2692 

568 

4817 

3010 

329 

279-0 

174*3 

389 

329*9 

206*  1 

449 

3808 

237*9 

509 

4317 

2697 

569 

4826 

3015 

330 

279*9 

1749 

390 

330-8 

206-6 

450 

3816 
3825 

238-4 
239*0 

510 

4325 

270*3 
2708 

570 

4834 

3021 

831 

2807 

175  4 

391 

331*6 

207*2 

451 

511 

433*4 

571 

4843 

302-6 

332 

2816 

175-9 

892 

332-5 

207*7 

452 

383*3 

239*5 

512 

434*2 

2714 

572 

4851 

3032 

333 

2824 

1764 

393 

333*3 

208-2 

453 

3842 

240-0 

513 

435*1 

271*9 

573 

4860 

3037 

334 

283*3 

177-0 

894 

334-a 

208-8 

454 

385-0 

240*6 

514 

435*9 

2724 

574 

4868 

3042 

335 

2841 

1775 

395 

335-0 

2093 

455 

385*9 

241-1 

515 

436  8 

2729 

575 

487*7 

304*7 

336 

285*0 

1780 

396 

335*8 

2098 

456 

386*7 

2416 

516 

437*6 

273*5 

576 

4885 

305*3 
3058 

337 

2858 

178*6 

397 

3367 

2104 

457 

387*6 

242-2 

517 

438-5 

2740 

577 

4894 

338 

2867 

179*1 

398 

3375 

210*9 

458 

388*4 

2427 

518 

439*3 

2745 

578 

4902 

3063 
3068 

339 

2875 

1796 

399 

338-4 

2114 

459 

3893 

243*2 

519 

4402 

2750 

579 

491*1 

340 

2883 

180*2 

400 

3392 

21 1'9 

460 

3901 

243*8 

520 

441*0 

275-6 

580 

491*9 

3074 
3o7*9 

341 

289*2 

1807 

401 

3401 

212*5 

461 

3910 

244*3 
2448 

521 

441*9 

2761 

581 

492  8 

342 

2900 

1812 

402 

340-9 

2I3*0 

462 

391*8 

522 

4427 

2766 

582 

493*6 

3084 

343 

2909 

1817 

403 

341-8 

2135 

463 

3927 

2454 

523 

443*6 

277*2 

583 

494*5 

3090 

344 

2917 

1823 

404 

3426 

214*1 

464 

393*5 

245*9 

524 

444*4 

2777 

584 

495*3 

30/5 

345 

2926 

1828 

405 

3435 

2146 

465 

394*4 

2464 

525 

445*3 

2782 

585 

4962 

3100 

346 

2934 

1833 

406 

344*3 

215*1 

466 

395*2 

2469 

526 

4461 

2787 

586 

497*o 

3105 

347 

294'3 

1839 

407 

345*2 

2157 

467 

396*0 

247*5 

527 

4469 

2793 

587 

497*8 

3111 

848 

295*1 

1844 

408 

3460 

216-2 

468 

3969 

2480 

528 

447*8 

2798 

588 

4987 

311*6 

349 

2960 

1849 

409 

3469 

2167 

469 

3977 

2485 

529 

4486 

2803 

589 

499*5 

312-1 

350 

2968 

1854 

410 

347-7 

2172 

470 

3986 

249*0 

530 

449*5 

280-9 

590 

5003 

3126 

351 

2977 

i860 

411 

3486 

2178 

471 

399*4 

249*6 

531 

450-3 

2814 

591 

5012 

3132 

352 

2985 

1865 

412 

349*4 

2183 

472 

4003 

2501 

532 

451*1 

2819 

592 

5020 

3137 

353 

2994 

1870 

413 

350*3 

2188 

473 

401*1 

2506 

533 

452*0 

2824 

593 

5029 

314*2 

354 

3002 

1876 

414 

35-*i 

2194 

474 

402*0 

25 1*2 

534 

452*8 

2830 

594 

5037 

314-8 

355 

301*1 

i88i 

415 

3520 

2199 

475 

4028 

2517 

535 

453*7 

283*5 

595 

5046 

315*3 
315-8 

356 

301*9 

1886 

416 

352*8 

220'4 

476 

403*7 

252  2 

536 

454*5 

2840 

596 

5054 

357 

3028 

1892 

417 

353*6 

22  ro 

477 

404-5 

2528 

537 

455*4 

2846 

597 

5062 

3164 

358 

303*6 

1897 

418 

354*5 

221-5 

478 

405*4 

253*3 

538 

456-2 

2851 

598 

5071 

3169 

359 

3045 

1902 

419 

355*3 

2220 

479 

406*2 

253*8 

539 

457*1 

2856 

599 

5080 

317*4 

860 

3053 

190-8 

420 

3562 

222*5 

480 

407-1 

254*3 

540 

457  9 

2862 

600 

508-8 

318*0 
D.Lat 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 
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Diit 

D.Lat 

Dep. 

Dist.|D.  Lat. 

Dep. 

DistJD.  Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

1 

08 

0-5 

61 

51-2 

33-2 

121 

101*5 

ill 

181 

151*8 

98-6 

241 

202*1 

131-3 

2       i-7 

i*x 

62 

52-0 

33*8 

122 

102*3 

182 

152*6 

99*1 

242 

203*0 

131*8 

3 

**5 

i-6 

63 

52-8 

34*3 

123 

103*2 

67*0 

183 

153*5 

99'7 

243 

203*8 

1323 

4 

3'4 

2*2 

64 

53*7 

34'9 

124 

104*0 

67-5 

184 

154*3 

100*2 

244 

204*6 

132*9 

6 

4** 

2-7 

65 

54*  S 

35*4 

125 

104*8 

68*  1 

185 

155*2 

ioo*8 

245 

205*5 

133*4 

6 

5*o 

3*3 

66 

5i"4 

56*2 

35*9 

126    105*7 

68*6 

186 

156*0 

ioi*3 

246 

206*3 

1340 

7 

5*9 

3'8 

67 

36-5 

127 

106*5 

69*2 

W 

156*8 

ioi*8 

247 

207*2 

134- 5 

8 

67 

4*4 

68 

57'o 

37-0 

128 

107*3 

69-7 

188 

157*7 

102*4 

248 

208-0 

135*1 

9 

VS 

4*9 

69 

57*9 

37-6 

129 

108*2 

70*3 

189 

158*5 

102*9 

249 

2088 

135*6 

10 

8-4 

5*4 

70 

58-7 

38M 

130 

109*0 

70*8 

190 

159*3 

103*5 

260 

209-7 

136*2 

11 

9-1 

6*o 

71 

59*5 
60-4 

38-7 

131 

109-9 

71*3 

191 

160*2  j  104*0 

251 

210*5 

136*7 

12 

IO*l 

«*5 

72 

39** 

132 

110*7 

71*9 

192 

i6i*o 

104*6 

252 

211-3 

137*2 

13 

io»9 

7-1 

73 

61*2 

39-8 

133 

111-5 

72*4 

193 

161-9 

105*1 

253 

212*2 

137-8 

14 

117 

7-6 

74 

62*  1 

40-3 

134 

112*4 

73*0 

194 

162*7 

105*7 

254 

213*0 

1383 

14 

12*6 

8-2 

75 

62*9 

40-8 

135 

113*2 

73*5 

195 

163*5 

106*2 

255 

213*9 

138*9 

li 

13*4 

8-7 

76 

63-7 

4»*4 

136 

114*1 

74*1 

196 

164*4 

106*7 

256 

214*7 

139*4 

17 

H*3 

93 

77 

64*6 

41-9 

137 

1 149 

74*6 

197 

165*2 

107*3 

257 

215*5 

140*0 

18 

15-1 

98 

78 

65-4 

4*' 5 

138 

115*7 

75-2 

198 

i66-i 

107*8 

258 

216*4 

140*5 

19 

!?:? 

10*3 

79 

66*3 

43*0 

139 

116*6 

7V7 
76*2 

199 

166*9 

108*4 

259 

217*2 

141*1 

20 

10*9 

80 

67*  1 

43-6 

140 

1 17-4 

200 

167*7 

108*9 

260 

2l8*I 

141*6 

21 

17-6 

1 1«4 

81 

67-9 

44. , 

141 

118-3 

768 

201 

168*6 

109*5 

261 

218*9 

142*2 

22 

iS-5 

12*0 

82 

68-8 

44*7 

142 

119*1 

77*3 

202 

169*4 

110*0 

262 

219*7 

142-7 

23     193 

I2'5 

83 

69-6  |  45-2 

143,119-9 

77*9 

203 

170*3 

110*6 

263 

220*6 

H3*» 

24  ,  20* 1 

131 

84 

70*4 

45*7 

144 

120*8 

78*4 

204 

171*1 

iii*i 

264 

221*4 

1438 

25  \ 

21*0 

13*6 

85 

7i#3 

•46-3 

145 

121*6 

79*o 

205 

171*9 

iii*7 

265 

222*2 

144*3 

26 

218 

I4-2 

86 

72*1 

468 

146 

122*4 

79*5 

206 

172*8 

112*2 

266 

223*1 

144*9 

27 

22-6 

»4-7 

87 

73-0 

47*4 

147 

123*3 

8o*i 

207 

173*6 

112*7 

267 

223*9 

145*4 

28 

235 

15-2 

88 

73*8 

47*9 

148 

124*1 

80*6 

208 

174*4 

113*3 

268 

224*8 

146-0 

29 

*4'3 

15-8 

89 

74-6 

48-5 

149 

125*0 

81*2 

209    175'3 
210 1  176-1 

113*8 

269 

225*6 

146*5 

30    252 

16*3 

90 

75'5 

49-0 

150 

125*8 

81*7 

114*4 

270  *  226*4 

147*  1 

31 

26*0 

16*9 

91 

76-3 

49*6 

151 

1266 

82*1 

211 

177*0 

"4*9 

271    227*3 

1476 

32 

268 

17*4 

92 

77-2 

50-1 

152 

127*5 

82*8 

212 

177*8 

115*5 

272'  228*1 

148*1 

33 

*7'7 

18-0 

93 

78*0 

50-7 

153 

128*3 

83-3 

213 

1786 

116*0 

278 

229*0 

148*7 

34 

28-5 

18-5 

94 

788 

51-2 

154 

129*2 

83*9 

214 

W5 

116*6 

274 

229-8 

1492 

35 

294 

191 

95 

79*7 

5'*7 

155 

130*0 

84*4 

215 

180*3 

117*1 

275 

230*6 

1498 

36 

30*2 

19*6 

96 

80*5 

5*' 3 

156 

130*8 

85*0 

216 

181*2 

117*6 

276   2315 

1503 

37 

31-0 

20*2 

•7 

8i-4 

52-8 

157 

131*7 

85-5 

217 

182*0 

Il8*2 

277 

232*3 

150*9 

38 

31-9 

20*7 

98 

82-2 

53*4 

158 

132*5 

86m 

218 

182*8 

118*7 

278 

233*2 

1514 

39 

327 

21*2 

99 

83-0 

53*9 

159 

133*3 

86*6 

219 

183-7 

"9-3 

279 

234*0 

152-0 

40 

33'5 

21*8 

100 

83-9 

545 

160 

134*2 

in 

220 

184*5 

119*8 

280 

234*8 

152*5 

41 

34'4 

22'3 

101 

84-7 

55'° 

161 

135*0 

87*7 

221 

185*3 

120*4 

281 

135*7 

i53*o 

42 

35-2 

22*9 

102 

85-5 

5I'6 
56-1 

162 

135*9 

88*2 

222 

1862 

120*9 

282 

236*5 

153*6 

43 

36-1 

*3'4 

103 

864 

163 

136*7 

88*8 

223 

187*0 

121*5 

283 

237*3 

1 54*  1 

44 

36*9 

24*0 

104 

87'* 

56-6 

164 

"37*5 

89*3 

224 

187-9 

122*0 

284 

238*2 

154*7 

45 

37*7 

H'S 

105 

88-1 

57#» 

165 

138-4 

89*9 

225 

188*7 

122*5 

285 

239*0 

155-2 

46 

386 

25-1 

106 

88*9 

57*7 

166 

139*2 

90*4 

226 

189*5 

123*1 

286 

239*9 

1558 

47 

39*4 

25-6 

107 

89-7 

58-3 

167 

140*1 

91*0 

827 

190*4 

123*6 

287 

240*7 

156*3 

48 

40-3 

26*1 

108 

90*6 

58-8 

168 

140*9 

91*5 

228 

191*2 

124*2 

288 

241*5 

1569 

49 

41*1    26*7 

109 

9*"4 

59*4 

169 

141*7 

92*0 

229 

192*1 

124*7 

289 

2424 

157*4 

50 

41  -9  1  27*1 

110 

92-3 

59*9 

170 

142*6 

92*6 

230 

192-9 

125*3 

290 

243-2 

157*9 

51 

42-8  i  27*8 

HI 

93'i 

60*5 

171 

'43*4 

93*1 

231 

193*7 

125*8 

291 

244-1 

1585 

52 

43-6    28-3 

112 

93*9 

6i*o 

172 

*44' 3 

93*7 

232 

194*6 

126*4 

292 

244*9 

1590 

53 

444  1  ***9 

113 

94*8 

61*5 

173 

145*1 

94*2 

233 

195*4 

126*9 

293 

*45'7 
246-6 

1596 

54 

45*3  1  *9*4 

114 

95-6 

62#I 

174 

H5*9 

948 

234 

196*2 

127*4 

294 

160*1 

55 

46*1    30*0 

115 

96-4 

626 

175 

146*8 

95*3 

236 

197*1 

128*0 

295 

247*4 

160-7 

56 

47'o 

30-5 

116 

97'3 

63-2 

176 

147*6 

95*9 

236 

197*9    128*5 

296 

248*2    161*2 

*7 

47-8 

31*0 

117 

98*1 

63-7 

177 

148*4 

96*4 

237 

198*8 

129*1 

297 

249*1 

1618 

58 

486 

31*6 

118 

99#o 

64-3 

178 

H9*3 

96*9 

238 

199*6 

129*6 

298 

249*9 

162*3 

59 

49' 5 

32- 1 

119 

99-8 

64*8 

179 

150*1 

9Z'S 

239 

200*4 

130*2 

299 

250-8 

1628 

60 

50-3 

32*7 

120 

ioo-6 

65-4 

180 

151*0 

98*0 

240 

201*3 

130*7 

300 

251-6 

163*4 

Diit. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lnt 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 
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38° 

2*  12m 

Dfet 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist.!D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

301 

252-4 

1639 

361 

3028 

1966 

421 

353*1 

229-3 

481 

4034 

262-0 

541 

4537 

2946 

302 

2533 

1644 

362 

3036 

1971 

422 

353*9 

2298 

4S2 

4042 

262*5 

542 

454*6 

2952 

303 

2541 

1650 

363 

3044 

1977 

423 

3547 

2304 

483 

4051 

263*  1 

543 

455*4 

2957 

304 

2550 

1655 

364 

305-3 

198-2 

424 

355*6 

230-9 

484 

4059 

263*6 

544 

4562 

296-2 

305 

255*8 

1 661 

365 

3061 

1988 

425 

356*4 

2314 

485 

4067 

264*1 

545 

457*1 

2968 

306 

2566 

1666 

366 

307-0 

199*3 

426 

357*3 

232-0 

486 

4076 

2647 

546 

4579 

297*3 

307 

2575 

1672 

367 

3°2l 

199*8 

427 

3581 

2325 

487 

4084 

2652 

547 

458  8 

297*9 

308 

2583 

1677 

368 

3086 

200-4 

428 

359-0 

2331 

488 

409*3 

2658 

548 

459*6 

2984 

309 

2592 

1683 
1688 

369 

3095 

200-9 

429 

359  8 

233*6 

489 

410-1 

2663 

549 

4604 

2990 

310 

2600 

370 

3103 

201*5 

430 

3606 

234*2 

490 

411*0 

2668 

550 

4613 

299*5 

311 

2608 

1693 

371 

311-2 

2020 

431 

36i*5 

2347 

491 

411  8 

2674 

551 

462-1 

3001 

312 

2617 

1699 

372 

3120 

202*6 

432 

362*3 

2352 

492 

412*6 

2679 

552     463*0 

3006 

313 

262*5 

1704 

373 

312*8 

203*1 

433 

3631 

2358 

493 

4135 

2685 

553 

4638 

301*2 

314 

2633 

171*0 

374 

3137 

203-7 

434 

3640 

2363 

494 

4U'3 

2690 

554 

464*6 

3017 

315 

2642 

171*5 

375 

3145 

204*2 

435 

364*8 

2369 

495 

415-1 

2696 

555 

4655 

3023 

316 

2650 

172-1 

376 

3153 

2047 

436 

3657 

2374 

496 

4160 

2701 

556 

4663 

3029 

317 

2659 

172*6 

377 

3162 

205*3 

437 

366-5 

2380 

497 

4168 

2707 

557 

4672 

303*4 

318 

2667 

173*2 

378 

3170 

205-8 

438 

3673 

2385 

498 

4176 

271-2 

558 

468-0 

3039 

319 

2675 

1737 

379 

3179 

206-4 

439 

3682 

2391 

499 

4185 

271-8 

559 

4688 

3045 

320 

2684 

1742 

380 

3187 

206-9 

440 

3690 

2396 

500 

4193 

2723 

560 

4697 

305*0 

321 

269*2 

174-8 

381 

319-5 

207-5 

441 

369*9 

240*1 

501 

420-2 

2728 

561 

47o-5 

305*5 

322 

270*1 

175*3 

382 

3204 

208*0 

442 

3707 

240-7 

502 

421-0 

273*4 

562 

471*3 

3061 

323 

2709 

175*9 

383 

321*2 

2086 

443 

371*5 

2412 

503 

421*9 

273*9 

563 

4722 

306-6 

324 

2717 

1764 

384 

3221 

209-1 

444 

372*4 

2418 

504 

42.17 

274*5 

564 

4730 

3072 

825 

2726 

1770 

385 

3229 

209-6 

445 

373*2 

2423 

505 

423*5 

2750 

565 

473*8 

3077 

326 

273*4 

177'5 

386 

3237 

210*2 

446 

374*1 

2429 

506 

4244 

275*6 

566 

4747 

3°fl 
3088 

327 

2742 

1781 

387 

3246 

2107 

447 

374*9 

243*4 

507 

4252 

2761 

567 

475-5 

328 

2751 

1786 

388 

325-4 

211*3 
21 18 

448 

3757 

2440 

508 

4260 

2767 

568 

476-4 

3094 

329 

275*9 

1791 

389 

3262 

449 

3766 

2445 

509 

4269 

277-2 

569 

477*2 

3099 

330 

2768 

1797 

390 

3271 

212*4 

450 

377*4 

2451 

510 

427*7 

277*8 

570 

4/8o 

3104 

331 

2776 

180*2 

391 

327-9 

212*9 

451 

3782 

2456 

511 

4285 

278-5 

571 

4789 

31 1*0 

332 

2784 

1808 

392 

3288 

2135 

452 

3791 

2461 

512 

4294 

2788 

572 

4797 

3i  i'5 

333 

279*3 

1813 

393 

3296 

214O 

453 

379? 

2467 

513 

430*2 

279*4 

573 

480*6 

3120 

384 

2801 

181*9 

394 

3304 

2146 

454 

3808 

2472 

514 

4311 

2799 

574 

4814 

3126 

335 

2810 

1824 

395 

331*3 

215*1 

455 

381*6 

247*8 

515 

431*9 

280-4 

575 

4822 

3131 

336 

2818 

1830 

396 

3321 

215*6 

456 

3824 

2483 

516 

432*7 

2810 

576 

483*1 

3137 

337 

2826 

1835 

397 

3330 

216*2 

457 

3833 

2489 

517 

433*6 

2815 

577 

4839 

314*2 

338 

2835 

1 841 

398 

3338 

2167 

458 

384-1 

2494 

518 

434*4 

282*1 

578 

4847 

314*8 

339 

2843 

1846 

399 

334*6 

217*3 

459 

3850 

2500 

519 

435*3 

282-6 

579 

4856 

3153 

340 

2852 

185-1 

400 

3355 

2178 

460 

3858 

2505 

520 

4361 

283-2 

580 

4864 

315-9 

341 

2860 

1857 

401 

3363 

2184 

461 

3866 

251/0 

521 

4369 

2837 

581 

4872 

3164 

342 

2868 

186-2 

402 

337*1 

2189 

462 

387*5 

2516 

522 

437*8 

2843 
2848 

582 

4881 

3i7*o 

343 

2877 

186-8 

403 

338o 

2195 

463 

388*3 

252*1 

528 

438*6 

583 

4889 

3175 

344 

2885 

1873 

404 

3388 

220*0 

464 

389*1 

2527 

524 

4394 

285-4 

584 

4898 

318-1 

345 

2893 

187-9 

405 

3397 

2205 

465 

390*0 

2532 

525 

440*3 

2859 

585 

49o6 

3186 

346 

290*2 

1884 

406 

340-5 

221*1 

466 

3908 

253*8 

526 

4411 

2865 

586 

491*5 

319*2 

347 

2910 

189-0 

407 

341*3 

221*6 

467 

391*7 

254*3 

527 

4420 

2870 

587 

492*3 

3197 

348 

2919 

1895 

408 

342*2 

222*2 

468 

3925 

2549 

528 

442*8 

2875 

588 

493*1 

320-2 

349 

2927 

190-0 

409 

343*0 

222*7 

469 

393*3 

2554 

529 

443*6 

2881 

589 

494*o 

3208 

350 

293*5 

190-6 

410 
411 

3439 

2233 

470 

394*2 

2559 

530 

4445 

2886 

590 

494*8 

3213 

351 

2944 

191-1 

3447 

2238 

471 

3950 

2565 

531 

445*3 

289*2 

591 

495*7 

3219 

352 

2952 

1917 

412 

345*5 

2244 

472 

395*8 

2570 

532 

446-1 

2897 

592 

4965 

3224 

353 

2961 

192*2 

413 

34*5*4 

224  9 

473 

3967 

257-6 

533 

447*o 

2903 

593 

497*3 

3229 

354     1969 

1928 

414 

3472 

2254 

474 

3975 

2581 

534 

447*8 

2908 

594 

4981 

323*5 

355 

2977 

1933 

415 

348i 

226*0 

475 

398-3 

2587 

535 

4487 

29<'4 

595 

499*0 

3241 

356 

2986 

193*9 

416 

348*9 

226*5 

476 

399*2 

2592 

536 

449*5 

2919 

596 

4998 

3246 

357 

2994 

194*4 

417 

3497 

227*1 

477 

400-0 

259*8 

537 

450-3 

2925 

597 

5006 

3251 

358 

300*2 

1949 

418 

3506 

227*6 

478 

4009 

2603 

538 

451-2 

2930 

598 

501-5 

3257 

359 

3011 

195*5 

419 

351*4 

228*2 

479 

4017 

2609 

539 

4520 

293*6 

599 

5023 

3262 

360 

3019 

i960 

420 

352*2 

2287 

480 

402*6 

261-4 

540 

452*9 

294*1 

600 

5032 

3268 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 
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Dist 

DX»t 

Dep. 

DUt 

D.Lmt 

Dep. 

Dist 

D.Lst 

Dep. 

DistJD.Lat 

Dep. 

Dist 

D.Ut. 

D«p. 

1 

©*8 

o-6 

61 

50*6 

34*  * 

121 

100*3 

«7*7 

181 

150*1 

101*2 

241 

199*8 

1348 

S 

1*7 

i*i 

62 

5>'4 

34*7 

122 

101*1 

68*2 

182 

1509 

101*8 

242 

200*6 

135-3 

3      2*5 

17 

63 

522 

35** 

123 

I02'0 

68*8 

183 

1517 

102  •  3 

243 

201  5 

135-9 
1364 

4 

3*3 

2*2 

64 

53» 

35*8 

124 

102*8 

69*3 

184 

1525 

102*9 

244 

202-3 

6 

4" 

2*8 

66 

539 

3*3 

126 

103*6 

699 

186 

«53*4 

103*5 

246 

203*1 

1370 

6 

5*° 

34 

66 

54*7 

369 

126 

104*5 

70*5 

186 

154* 

104*0 

246 

2039 

137-6 

7 

5* 

3*9 

67 

55-5 
5*4 

37*5 

127 

105*3 

710 

187 

1550 

104*6 

247 

204*8 

138*1 

8 

6*6 

4"5 

68 

38*0 

128 

106*1 

716 

188 

155*9 
1567 

105*1 

248 

205*6 
206*4 

1387 

9 

7*5 

5*0 

69 

57** 

386 

129 

106*9 

72*1 

189 

2K 

249 

139* 

10 

8-3 

5-6 

70 

58*0 

391 

130 

107*8 

727 

190 

«57*5 

260 

207*3 

139-8 

11 

91 

6*2 

71 

58*9 

39*7 

131 

108*6 

73*3 

191 

1583 

1068 

251 

208*1 

140*4 

12 

9*9 

6-7 

72 

£5 

40*3 

132 

1094 

73*8 

192 

159*2 

1074 

252 

208*9 

140*9 

13 

io*8 

7*3 

73 

40-8 

133 

110*3 

74*4 

193 

160*0 

107*9 

253 

2097 

141-5 

14 

n*6 

7'8 

74 

6r3 

4>'4 

134 

iii*i 

74*9 

194 

1608 

108*5 

264 

210-6 

142*0 

16 

12*4 

8*4 

76 

62*2 

41*9 

136 

111*9 

75*5 

196 

1617 

109*0 

266 

211*4 

142*6 

16 

«3'3 

8*9 

7« 

63*0 

4*5 

136 

112*7 

76-i 

196 

162*5 

109*6 

256 

212*2 

143-* 

17 

141 

95 

77 

«}•« 

43*1 

137 

113*6 

766 

197 

163*3 

110*2 

257 

213*1 

H37 

18 

«49 

IO*I 

78 

«4'7 

43*6 

138 

114*4 

77'* 

198 

164*1 

1107 

268 

2139 

144-3 

19 

158 
166 

io*6 

79 

ill 

40 

139 

1152 
ii6*i 

777 

199    165-0 

111*3 

269 

2147 

1448 

30 

11*2 

80 

44*7 

140 

78-3 

200 

165*8 

111*8 

260 

215*5 

145-4 

31 

«7'4 

1 1-7 

81 

67'2 

45*3 

141 

116*9 

788 

201 

1666 

1124 

261 

2l6*4 

145*9 
146*5 

32 

18*2 

123 

82 

68*o 

45*9 

142 

117*7 

79*4 

202 

1675 

113*0 

262 

217*2 

23 

19*1 

*2-9 

83 

68*8 

46-4 

143 

1186 

80*0 

203 

1683 

113*5 

263 

218*0 

147-1 

34 

19*9 

"34 

84 

696 

47*o 

144 

1194 

80*5 

204 

169*1 

1141 

264 

218-9 

147-6 

26 

207 

14*0 

86 

70-5 

47'5 

146 

120*2 

81*1 

206 

170*0 

1146 

266 

2197 

1482 

26 

21*6 

H*5 

86 

71-3 

481 

146 

121*0 

81*6 

296 

170*8 

115*2 

266 

220*5 

1487 

27 

22*4 

151 

«7 

72-1 

48*6 

147 

121*9 

82*2 

297 

1716 

1158 
116*3 

267 

221*4 

H9-3 

28 

232 

T7 

10*2 

88 

73*o 

49-2 

148 

122*7 

828 

208 

172*4 

268 

222*2 

149*9 

29 

24-0 

89 

73-8 

49*8 

149 

123*5 

83-3 

209 

173-3 

1169 

269 

223*0 

150*4 

30 

249 

168 

90 

74*6 

50-3 

160 

124-4 

839 

210 

174*1 

117*4 

270 

223*8 

151*0 

31 

265 

«7"3 

91 

75-4 
76-3 

509 

161 

125*2 

84*4 

211 

174*9 

1 1 8*o 

271 

224-7 

151-5 

32 

«7"9 

92 

5»*4 

162 

126*0 

85*0 

212 

175*8 

1185 

272 

225*5 

152*1 

33 

*7*4 

i8-5 

93 

77'i 

52-0 

163 

126*8 

856 
861 

213 

1766 

119*1 

273 

226*3 

152*7 

34 

282 

19*0 

94 

77*9 

52-6 

164 

127*7 

214 

177-4 

1197 

274 

227*2 

153*2 

36 

29 'O 

19*6 

96 

78-8 

53*» 

166 

1285 

86*7 

216 

178*2 

120*2 

275 

228*0 

153-8 

36 

29*8 

20*1 

96 

79-6 

53*7 

166 

1293 

87-2 

216 

179-1 

120*8 

276 

228*8 

154-3 

37 

30-7 

20*7 

97 

80*4 

54'* 

167 

130*2 

87*8 

217 

1799 

1213 

277 

229*6 

1549 

38 

3^5 

21*2 

98 

8l*2 

54*8 

168 

131*0 

88*4 

218 

1807 

1219 

278 

230*5 

155-5 
156*0 

89 

3**3 

21*8 

99 

82*1 

55*4 

169 

131-8 

889 

219 

181*6 

122*5 

279 

231*3 

40 

33'* 

22*4 

100 

82*9 

55*? 

160 

132*6 

895 

220 

182*4 

123*0 

280 

232*1 

156*6 

41 

34-0 

22a9 

101 

lrl 

56.5 

161 

>33*5 

900 

221 

183-2 

123-6 

281 

233*0 

157-1 

42 

34-f 

*3'5 

102 

84*6 

57*o 

162 

>34*3 

90*6 

222 

184*0 

124*1 

282 

*33'8 

157*7 

43 

35*6 

240 

103 

8j'4 

57*6 

163 

135*1 

911 

223 

1849 

1247 

283 

234*6 

158*3 

44 

36-5 

24-6 

104 

86*2 

582 

164 

136*0 

917 

224 

18J7 
186*5 

125*3 

284 

*35*4 

158*8 

46 

37*3 

25-2 

106 

87*0 

58-7 

166 

136*8 

92-3 

226 

I2<*8 

285 

2363 

159*4 

46 

38-1 

*|7 

a6-8 

106 

87-9 

59*3 

166 

137*6 

9*8 

226 

1874 

1264 

286 

237*1 

»59'9 

47 

39-0 

107 

88-7 

59*8 

167 

1384 

93*4 

227 

1882 

1269 

287 

237*9 

160*5 

48 

39-8 

108 

89-5 

60*4 

168 

J39*3 

93*9 

228 

189*0 

i*7'5 

288 

238*8 

161*0 

49 

40*6 

*7'4 

109 

90-4 

6i*o 

169 

140*1 

94*5 

229 

1898 

128*1 

289 

2396 

161*6 

60 

41*5 

28*0 

no 

91-2 

615 

170 

140*9 

951 

230 

190*7 

128*6 

290 

240*4 

162*2 

61 

4**3 

28-5 

HI 

92*0 

62*1 

171 

141*8 

95*6 

231 

191*5 

129*2 

291 

241*2 

162*7 

62 

43' « 

29*1 

112 

92-9 

62*6 

172 

142*6 

96*2 

232 

192*3 

129*7 

292 

242*1 

163*3 

63 

43*9 
44*8 

29*6 

113 

93*7 

63*2 

173 

"43*4 

967 

233 

193*2 

130*3 

293 

242*9 

163*8 

64 

30*2 

114 

94*5 

63*7 

174 

•44'3 

97*3 

234 

194*0 

130*9 

294 

1437 

1644 

66 

45*6 

30*8 

116 

95*3 

643 

176 

145M 

97*9 

236 

194*8 

i3«-4 

299 

244-6 

165*0 

66 

46-4 

3i'3 

116 

96-2 

649 

176 

»45-9 

984 

236 

1957 

132*0 

396 

*45#4 

i6r5 

67 

47'3 

31*9 

117 

97*o 

65«4 

177 

1467 

990 

237 

1965 

132*5 

297 

246*2 

166*1 

68 

481 

3*4 

118 

97-8     66*o 

178 

147*6 

99'5 

238 

197*3 

133-1 

298 

247-1 

1666 

69 

48-9 

33*o 

119 

987 

66*5 

179 

1484 

lOO'I 

239 

198*1 

1336 

299 

*47-9 

167*2 

60 

49*7 

336 

120 

99'5 

67*1 

180 

149*2 

1007 

240 

1990 

1342 

900 

2487 

167*8 

Diit 

Dep. 

D.Ut 

Dist 

Dep. 

D.Ut 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Ut. 

Dist 

Dep.  JD.Ltt 

56 

0                                               3**44» 

TABLE  1 
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TRAVERSE  TABLE  TO  DEGREES 

84° 

2h  lO"1 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

801 

2495 

168-3 

361 

2993 

2019 

421 

349*0 

2354 

481 

398*8 

269-0 

541 

448-5 

3025 

302 

2504 

1689 

362 

300-1 

202*4 

422 

349*9 

236-0 

482 

399*6 

2695 

542 

4494 

3031 

803 

251*2 

1694 

363 

300-9 
3018 

203*0 

423 

350*7 

2365 

483 

4004 

270*1 

543 

4502 

3036 

804 

252*0 

170*0 

864 

2035 

424 

351-5 

2371 

484 

4013 

2706 

544 

451-0 

3042 

305 

2529 

170-6 

365 

302-6 

204I 

425 

352*3 

237*7 

485 

4021 

2712 

545 

451*8 

3048 

806 

2537 

171-1 

366 

303*4 

2047 

426 

353*2 

2382 

486 

402-9 

2718 

546 

452*6 

305*3 

307 

254'S 

1717 

367 

304-3 

205*2 

427 

354*o 

2388 

487 

4038 

2723 
2728 

547 

4535 

305*9 

308 

2553 

172-2 

368 

305-1 

205*8 

428 

354*8 

239*3 

488 

4046 

548 

454*3 

3064 

809 

256-2 

1728 

369 

305*9 

2063 

429 

3557 

239*9 

489 

405*4 

273*4 

549 

4552 

3070 

810 

257*0 

«73'3 

370 

3067 

206*9 

480 

356-5 

2404 

490 

406-2 

274-0 

550 

456-0 

3075 

311 

257-a 

1739 

871 

307*6 

2075 

431 

3573 

2410 

491 

407-1 

274*6 

551 

456*8 

3081 

812 

2587 

174*5 

372 

3084 

2080 

432 

358*1 

2416 

492 

4079 

2751 

552 

457-6 

3087 

313 

2595 

1750 

373 

3092 

208*6 

433 

359*o 

242-1 

493 

4087 

2757 

553 

458*4 

3092 

314 

2603 

175-6 

374 

310-1 

2091 

434 

359*8 

2427 

494 

409*5 

2762 

554 

459*3 

3098 

315 

261*2 

176*1 

375 

3109 

2097 

435 

3606 

243*2 

495 

4104 

2768 

555 

4601 

3103 

316 

262-0 

176-7 

876 

3»7 

2103 

2IO*8 

436 

36r5 

2438 

496 

411-2 

277*4 

556 

4609 

3109 

817 

2628 

I77'3 

877 

3126 

437 

3623 

2444 

497 

4120 

277*9 

557 

4617 

3ii*5 

818 

263*7 

177-8 

378 

3*3*4 

211*4 

438 

3631 

244*9 

498 

4128 

278*4 

558 

462*6 

3120 

819 

2645 

1784 

379 

3M2 

21 1*9 

439 

3640 

245*5 

499 

4137 

2790 

559 

4634 

3126 

320 

2653 

1789 

380 

3150 

212*5 

440 

3648 

246*0 

500 

414*5 

2796 

560 

4642 

3131 

321 

2661 

179*5 

381 

315-9 
3167 

2I3*0 

441 

365-6 

246-6 

501 

415*3 

280-1 

561 

465*1 

3137 

822 

267*0 

1801 

382 

213*6 

442 

3664 

247*2 

502 

416-2 

280-7 

562 

4659 

314*3 
3148 

323 

2678 

1806 

883 

317-5 

214*2 

443 

367-3 

2477 

503 

4170 

2813 
2818 

563 

4668 

324 

2686 

1812 

384 

3*8-4 

2147 

444 

3681 

248-3 

504 

417-8 

564 

4676 

3154 

825 

2695 

1817 

385 

3192 

215*3 
215*8 

445 

3689 

2488 

505 

4186 

2824 

565 

4684 

3159 

326 

2703 

1823 

386 

320*0 

446 

369*8 

2494 

506 

4194 

282-9 

566 

4692 

3165 

327 

271-1 

1829 

387 

3208 

2164 

447 

370-6 

2500 

507 

420*3 

2835 

567 

4701 

3171 

328 

2719 

1834 

388 

3217 

217*0 

448 

371*4 

250*5 

508 

421-1 

2841 

568 

4709 

317-6 

329 

2728 

1840 

389 

3225 

2175 

449 

372*2 

251-1 

509 

4219 

284-6 

569 

4717 

3182 

830 

2736 

184-5 

390 

323*3 

2181 

450 

373*1 

25 1-6 

510 

422*8 

2852 

570 

4726 

3187 

331 

2744 

lP'l 

391 

3242 

2186 

451 

373*9 

2522 

511 

4236 

2858 

571 

4734 

3193 

332 

2752 

1856 

392 

3250 

219-2 

452 

3747 

252-8 

512 

4244 

2863 

572 

474*2 

3199 

333 

276-1 

1862 

893 

3258 

2198 

453 

375*6 

253-3 

513 

425*3 

286-9 

573 

475*o 

3204 

334 

2769 

1868 

894 

3266 

220-3 

454 

376-4 

2539 

514 

426*1 

287*4 

574 

475*9 

3210 

835 

2777 

187-3 

395 

327*5 

220*9 

455 

377*2 

254*4 

515 

4269 
4278 

288*0 

575 

476*7 

3215 

336 

2786 

lll9 

396 

328*3 

221*4 

456 

378-0 

255*o 

516 

288*5 

576 

477*5 

3221 

337 

2794 

1884 

397 

329*1 

222*0 

457 

378-9 

255*5 

517 

4286 

2891 

577 

478*3 

3227 

338 

2802 

1890 

898 

330*o 

222*6 

458 

3797 

2561 

518 

4294 

2896 

578 

4792 

3232 

889 

281*0 

1896 

399 

3308 

223-I 

459 

38o*5 

2567 

519 

430*3 

290*2 

579 

480*0 

3238 

840 

2819 

190-1 

400 

331*6 

2237 

460 

381*3 

2572 

520 

431-1 

2908 

580 

4808 

3243 

341 

2827 

1907 

401 

332-4 

224*2 

461 

3822 

257*8 

521 

431*9 

2913 

581 

4816 

324*9 

342 

2835 

191-2 

402 

333*3 

2248 

462 

383*0 

258*3 

522 

4328 

2919 

582 

482-5 

325-4 

343 

'2844 

191-8 

403 

334*1 

225*4 

463 

383-8 

2589 

523 

433*6 

2925 

583 

483-3 

3260 

844 

285*2 

1924 

404 

334*9 

225-9 

464 

3847 

259*5 

524 

434*4 

2930 

584 

4841 

3266 

345 

2860 

1929 

405 

335*8 

226*5 

465 

385*5 

260-0 

525 

435*3 

2936 

585 

485*0 

3272 

346 

2869 

193*5 

406 

336*6 

2270 

466 

386-3 

260-6 

526 

4361 

2941 

586 

485*8 

3277 

347 

2877 

1940 

407 

337-4 

2276 

467 

387-2 

2611 

527 

436*9 

294-7 

587 

4866 

3282 

348 

2885 

1946 

408 

338*3 

2281 

468 

388-0 

2617 

528 

437-8 

295-3 

588 

487*5 

328-8 

349 

2893 

1952 

409 

339*1 

2287 

469 

3888 

2623 

529 

438*6 

295-8 

589 

4883 

3294 

350 

290*2 

195*7 

410 

339*9 

229-3 

470 

389  7 

2628 

530 

439*4 

2964 

590 

4892 

3299 

851 

291*0 

196-3 

411 

340-7 

2298 

471 

390*5 

2634 

531 

440  3 

296*9 

591 

4900 

3305 

352 

2918 

1968 

412 

341*6 

230-4 

472 

391-3 

263*9 

532 

4411 

297*4 

592 

4908 

3310 

353 

2927 

197*4 

413 

342*4 

230*9 

473 

3921 

2645 

533 

441*9 

2980 

593 

4916 

331-6 

354 

293*5 

1980 

414 

3432 

2315 

474 

393*o 

265*0 

534 

4427 

2986 

594 

4925    3322 

355 

2943 

198-5 

415 

344*1 

2321 

475 

3938 

2656 

535 

443*6 

2991 

595 

493*3 

3327 

356 

2951 

199-1 

416 

344*9 

2326 

476 

394*6 

2662 

536 

444*4 

2997 

596 

494-1 

3333 

357 

296-0 

1996 

417 

3457 

2332 

477 

395*5 

2667 

537 

445*3 

3002 

597 

494*9 

3338 

358 

2968 

2002 

418 

346-5 

2337 

478 

396*3 

2673 

538 

4461 

3008 

598 

495*8 

3344 

359 

2976 

2007 

419 

347*4 

2343 

479 

3971 

2679 

539 

4469 

3014 

599 

4966 

334  9 

360 

298-5 

2013 

420 

348-2 

2349 

480 

397*9 

268*4 

540 

4477 

3020 

600 

4974 

3355 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.  Lat  Dist 

1 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

66° 

8h44m 

800 
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35° 

2*  80" 

Dist. 

1 

D.Lat 

Dep. 

Dist  D.Lat 

Dep. 

Dist.'D.  Lat 

Dep. 

Dist.  D.Lat 

Dep. 

DisdD.Latl  D«p. 

o*8 

o*6 

61 

50-0 

35*0 

121 

99- 1 

69*4 

181 

1483 

103*8 

241    197*4    138*2 

2 

i-6 

n 

62 

508 

356 

122 

999 

70-0 

182 

149*1 

1044 

242 

198*2 

138-8 

3 

**5 

»*7 

63 

516 

36-1 

123 

ioo-8 

70-5 

183 

H9'9 

105*0 

243 

199-1 

1394 

4 

33 

23 

64 

5*4 

367 

124 

101*6 

711 

184 

150*7 

105*5 

244 

199*9 

140*0 

5 

4*1 

2-9 

65 

53-2 

37*3 

125 

102*4 

717 

185 

151*5 

106*1 

245 

2007 

1405 

6 

49 

3*4 

66 

54-1 

37'9 

126 

103*2 

7**3 

186 

152*4 

106-7 

246 

201-5 

141*1 

7 

57 

4-0 

67 

54*9 

3»-4 

127 

104-0 

728 

187 

1532 

107*3 

247 

202-3 

1417 

8 

6-6 

4'6 

68 

55*7 

390 

128 

1049 

73*4 

188 

154*0 

107*8 

248 

203*1 

142-2 

9 

7*4 

5'* 

69 

565 

39-6 

129 

1057 
106*5 

74*0 

189 

154-8 

108*4 

249 

204*0 

142*8 

10 

8-2 

5*7 

70 

57*3 

40*2 

130 

74*6 

190 

1556 

109*0 

250 

204*8 

1434 

11 

90 

63 

71 

582 

407 

131 

107*3 

75*i 

191 

1565 

109*6 

251 

205*6 
206 '4 

1440 

12 

98 

69 

72 

59-0 

413 

132 

108*1 

76*3 

192 

157-3 

HO' I 

252 

1445 

13 

io*6 

7*5 

73 

59-8 

41-9 

133 

108*9 
109*8 

193 

1581 

110-7 

253 

207*2 

145-1 

14 

11-5 

80 

74 

606 

42-4 

134 

769 

194 

158*9 

in-3 

254 

208' X 

H57 
146*3 

15 

123 

8-6 

75 

614 

430 

135 

iio*6 

77*4 

196 

1606 

iii*8 

255 

208-9 

16 

131 

9-2 

76 

623 

43-6 

136 

1 1 1*4 

78*0 

196 

1124 

256 

209*7 

146*8 

17 

13-9 

98 

77 

631 

44* 

137 

112*2 

786 

197 

1614 

113-0 

257 

210*5 

147*4 

18 

147 

103 

78 

63-9 

44*7 

138 

II3'0 

792 

198 

162*2 

1136 

258 

211*3 

148*0 

19 

156 

10*9 

79 

647 

45*3 

139 

113*9 

797 

199 

163*0 

1 14*  1 

259 

212-2 

148-6 

20 

16*4 

115 

80 

65.5 

45*9 

140 

1 147 

80*3 

200 

163*8 

114-7 

260 

213*0 

149-1 

21 

17** 

I2*0 

81 

664 

46-5 

141 

115-5 

80*9 

201 

1646 

"5'3 

261 

213*8 

149-7 

22 

180 

12*6 

82 

67-2 

47*o 

142 

n6*3 

8 1*4 

202 

165.5 

up 

1164 

262 

214*6 

150*3 

23 

188 

13*2 

83 

68-0 

47-6 

143 

117-1 

82*0 

203 

1663 

263 

«l€-4 

216-3 

150*9 

24 

19*7 

13-8 

84 

68*8 

48*2 

144 

n8*o 

826 

204 

167-1 

117-0 

264 

151*4 

26 

20-5 

H*3 

85 

696 

488 

145 

1188 

832 

205 

167*9 

1176 

265 

217*1 

152-0 

26 

213 

149 

86 

70-4 

49*3 

146 

119*6 

837 

206 

1687 

II8-2 

266 

217*9 

152*6 

27 

22*1 

15*5 

87 

71-3 

499 

147 

120*4 

84-3 

207 

169*6 

1187 

267 

2187 

153-1 

28 

22'9 

16-1 

88 

72-1 

50-5 

148 

121*2 

84*9 

208 

170*4 

»9'3 

268 

219-5 

1537 

29 

23-8 

166 

89 

72-9 

51*0 

149 

122*1 

85-5 

209 

171-2 

119*9 

269 

220-4 

154-3 

30 
31 

246 

17*2 

90 

73"7 

51-6 

150 

122*9 

86-o 

210 

1720 

1205 

270 

221*2 

154*9 

254 

17-8 

91 

74*5 

52-2 

151 

123-7 

86*6 

211 

1728 

121*0 

271 

222'0 

155-4 
156-0 

32 

26-2 

184 

92 

75*4 

52-8 

152 

124*5 

87-2 

212 

"737 

121*6 

272 

222*8 

33 

270 

18*9 

93 

76*2 

53*3 

153 

1253 

878 

213 

*74'5 

122*2 

273 

223-6 

156*6 

34 

27'9 

19-5 

94 

77*o 

53*9 

154 

126*1 

883 

214 

175-3 
176*1 

122*7 

274 

2244 

157-2 

35 

28-7 

20-I 

95 

77'* 

54' 5 

155 

127-0 

88*9 

215 

123*3 

275 

225-3 

1577 

36 

295 

20*6 

96 

78-6 

55*i 

156 

1278 

895 

216 

1769 

1239 

276 

226-1 

158*3 

37 

3O3 

21*2 

97 

795 

55*6 

157 

128*6 

90*1 

217 

177-8 

1*4-5 

277 

226*9 

1589 

38 

3i'i 

21*8 

98 

80-3 

56-2 

158 

129-4 

90*6 

218 

178*6 

125*0 

278 

2*7-7 

1595 
160*0 

39     3i*9 

22'4 

99 

811 

568 

159 

130-2 

91*2 

219 

*79'4 

1256 

279 

228-5 

40 

32-8 

2%f 

100 

8i*9 

57*4 

160 

131*1 

918 

220 

i8o*ft 

1262 

280 

229-4 

160*6 

41 

33-6 

*3*5 

101 

82-7 

57*9 

l«l     1319 

923 

221 

181*0 

126-8 

281 

230*2 

161*2 

42 

34*4 

24' I 

102 

836 

5»-5 

162 

132*7 

929 

222 

i8«*9 

127-3 

282 

231*0 

1617 

43 

35-2 

24*7 

103 

84-4 

59- 1 

163 

'33*5 

93*5 

223 

1827 

127*9 

283 

231-8 

162*3 

44 

36-0 

25*2 

104 

85-2 

59*7 

164 

134*3 

94*j 

224 

183*5 

1285 

284 

232*6 

162*9 

45 

369 

25-8 

105 

860 

60-2 

165 

1352 

946 

225 

1843 

129*  1 

285 

*33'5 

163*5 

46 

37*7 

264 

106 

863 

608 

166 

136*0 

952 

226 

185-1 

129*6 

286 

*34*3 

164-0 

47 

38*5 

27-0 

107 

87-6 

61-4 

167 

1368 

958 

227 

185*9 

130*2 

287 

235*1 

164*6 

48 

39.3 

27-5 

108 

88-5 

6i*o 

168 

137-6 

96*4 

228 

186*8 

130*8 

288 

*35*9 

165*2 

49 

40*1 

28*1 

109 

893 

6*5 

169 

138*4 

969 

229 

187*6 

i3i#3 

289 

236*7 

165*8 

50 

41*0 

28-7 

110 

90*1 

63*1 

170 

139*3 

97'5 

230 

188*4 

i3'-9 

290 

2376 

166*3 

51 

418 

29-3 

111 

90-9 

«37 

171 

140*1 

98-1 

231 

189-2 

1325 

291 

238*4 

166*9 

52 

42*6 

298 

112 

91-7 

64-2 

172 

140*9 

987 

232 

190*0 

133-1 

292 

239* 

i6r5 

53 

43*4 

30-4 

113 

92-6 

64-8 

173 

141*7 

992 

233 

190*9 

1336 

293 

240*0 

168M 

54 

44* 

31-0 

114 

93'4 

65> 

174 

1425 

998 

234 

1917 

134*2 

294 

240*8 

168*6 

55 

4S'i 

3,,5 

115 

942 

66*o 

175 

H3'4 

100*4 

235 

192*5 

1348 

295 

241*6 

169*2 

56     45*9 

32*1 

116 

95*0 

66-5 

176 

1442 

100-9 

236 

'933 

135-4 

296 

242*5     i©9*» 

57 

46-7 

3*7 

117 

95-8 

67-1 

177 

145*0 

101*5 

237 

194*  1 

1359 

297 

243-3 

170*4 

58 

47*5 

33*3 

118 

96-7 

677 

178 

1458 

102*1 

238 

1950 

136-5 

298 

244-1 

170*9 

59 

48-3 

33-8 

119 

9V5 

68-3 

179 

146*6 

1027 

230 

195*8 

137*1 

299 

*44*9 

171-5 

60 

49- 1 

34'4 

120 

983 

68*8 

180 

H7*4 

103*2 

240 

1966 

137-7 

300 

*457 

172*1 

Dist 

Dep. 

D.Lat 

Oist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

55 

0 

3h40m 

TABLE  1 
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Disk 

D.Lat 

Dep. 

Disk 
361 

D.Lat 

Dep. 

Disk 

D.Lat. 

Dep. 

Disk 

D.Lat 

Dep. 

Disk 

D.Lat 

Dep. 

801 

246-6 

172*6 

2957 

207*0 

421 

344*9 

2415 

481 

394*o 

275*9 

541 

443*2 

3lo*3 

802 

2474 

1732 

362 

2965 

2076 

422 

3457 

242*0 

482 

394*8 

2764 

542 

444*0 

310-9 

803 

248-2 

173-8 

363 

2974 

208'2 

423 

3465 

242*6 

483 

3957 

277-0 

543 

444-8 

3"*4 

304 

249*0 

174*3 

864 

298*2 

208*8 

424 

347*3 

2432 

484 

396-5 

2776 

544 

445*6 

312-0 

805 

2499 

1749 

865 

299*0 

2093 

425 

348i 

243*8 

485 

397*3 

278*2 

545 

446*4 

3126 

306 

2507 

1755 

366 

2998 

2099 

426 

349*0 

244*3 

486 

3981 

278*7 

546 

447*3 

3132 

307 

2515 

176*1 

367 

3006 

2IO'5 

427 

349*8 

2449 

487 

398*9 

279*3 

547 

448i 

3'37 

308 

352*3 

1766 

368 

3015 

211*1 

428 

3506 

245*5 

488 

399*8 

2799 

548 

4489 

3 '4*3 

809 

2531 

1772 

369 

3023 

21 1*6 

429 

351*4 

246*0 

489 

400-6 

2805 

549 

449*7 

3 '4*9 

810 

253*9 

177-8 

370 

303*1 

212*2 

430 

352*2 

2466 

490 

_4or4 
402*2 

281*0 

550 

450*5 

3'5'4 

311 

2548 

17*4 

371 

3039 

212*8 

431 

353' 

2472 

491 

2816 

551 

451-4 

3160 

313 

255*6 

1789 

372 

3047 

213*4 

432 

353*9 

247*8 

492 

4030 

282*2 

552 

452*2 

3166 

813 

2564 

1795 

373 

305*6 

213*9 

433 

3547 

248-3 

493 

403-9 

2828 

553 

4530 

3'7*2 

814 

2572 

1801 

374 

3064 

214*5 

434 

355*5 

2489 

494 

4047 

2833 

554 

453*8 

3'77 

315 

2580 

1807 

375 

3072 

215*1 

435 

356*3 

249*5 

495 

405*5 

2839 

555 

454*6 

318-3 

816 

2589 

1812 

376 

308-0 

2156 

436 

357*2 

250*1 

496 

4063 

284*5 

556 

455*5 

3'8'9 

817 

2597 

1818 

377 

3088 

2l6'2 

437 

358*o 

250*6 

497 

4071 

2851 

557 

456*3 

3195 

318 

2605 

182*4 

378 

309*6 

2168 

438 

358*8 

251*2 

498 

408*0 

2856 

558 

457*' 

3200 

819 

2613 

183*0 

379 

3io*5 

2174 

439 

359*6 

2518 

499 

408-8 

2862 

559 

457*9 

3206 

320 

262*1 

1835 

380 

3i  i'3 

217*9 

440 

36o*4 

2524 

500 

4096 

2868 

560 

458*7 

321*2 

321 

2630 

1841 

381 

312*1 

2185 

441 

36i*3 

2529 

501 

4104 

2*7*4 

561 

459-6 

3218 

322 

2638 

1847 

382 

3129 

219*1 

442 

3621 

2535 

502 

41 1-2 

287*9 

562 

4604 

322*3 

323 

264-6 

lSJ'i 

388 

3 '37 

2197 

443 

3629 

2541 

503 

412*1 

288*5 

563 

461*2 

3?2-9 

324 

2654 

1858 

384 

314*6 

220'2 

444 

363-7 

2547 

504 

412*9 

289*1 

564 

462*0 

323*5 

825 

266*2 

186*4 

385 

3154 

220*8 

445 

3645 

2552 

505 

4'37 

2897 

565 

4628 

3241 

326 

267- 1 

187*0 

886 

3162 

221*4 

446 

3654 

255*8 

506 

4'4'5 

2902 

566 

4637 

324*6 

827 

2679 

f!rs 

387 

317*0 

222*0 

447 

3662 

256*4 

507 

4'5*3 

2908 

567 

4645 

3252 

328 

2687 

1881 

388 

317-8 

222*5 

448 

3670 

2569 

508 

416*1 

2914 

568 

4653 

325*8 

329 

2695 

1887 

389 

3187 

2231 

449 

367-8 

257*5 

509 

4170 

2919 

569 

466*1 

3264 

330 

870*3 

1893 

390 

3195 

2237 

450 

3686 

2581 

510 

417*8 

2925 

570 

466*9 

3269 

381 

271*1 

1898 

391 

320*3 

2243 

451 

3694 

2587 

511 

418*6 

2931 

571 

467*8 

327*5 

882 

272*0 

1904 

392 

321*1 

2248 

453 

37o-3 

2592 

512 

4I9-4 

293'7 

572 

4686 

3281 

333 

2728 

191*0 

393 

3219 

2254 

453 

371*1 

2598 

513 

4202 

2942 

573 

4694 

3287 

884 

2736 

191*6 

394 

3228 

226*0 

454 

371*9 

260-4 

514 

421*1 

2948 

574 

4702 

3293 

835 

2744 

192*1 

395 

323-6 

2265 

455 

3727 

26 10 

515 

4219 

2954 

575 

4710 

329*8 

336 

275*2 

1927 

396 

3244 

227- 1 

456 

373*5 

261*5 

516 

422*7 

296-0 

576 

471*9 

330*4 

337 

2761 

1933 

397 

3252 

227*7 

457 

374*4 

2621 

517 

423*5 

2965 

577 

472*7 

33i-o 

338 

276*9 

1939 

398 

3260 

2283 

458 

375*2 

262*7 

518 

424*3 

2971 

578 

4735 

331*5 

839 

2777 

1944 

399 

3269 

2288 

459 

376o 

2635 

519 

425*2 

2977 

579 

474*3 

3321 

340 

2785 

195*0 

400 

3277 

2294 

460 
461 

376-8 

2638 

520 

426*0 

2983 

580 

475' 

332*7 

841 

279*3 

1956 

401 

3285 

230*0 

3776 

2644 

521 

4268 

298* 

581 

476*0 

333*3 

842 

280*2 

196*1 

402 

3293 

2306 

462 

378*5 

265*0 

522 

4276 

299*4 

582 

4768 

333-8 

843 

281*0 

1967 

403 

330-1 

231*1 

463 

379*3 

2655 

523 

4284 

300-0 

583 

477* 

334*4 

344 

281*8 

1973 

404 

330-9 

2317 

464 

380-1 

2661 

524 

429-3 

3005 

584 

478-4 

335*o 

845 

2826 

197*9 

405 

331-8 

2323 

465 

3809 

2667 

525 

4301 

301  •! 

585 

479*2 

335*6 

846 

2834 

1984 

406 

3326 

2329 

466 

3817 

2673 

526 

430-9 

301-7 

586 

4801 

3361 

847 

2843 

1990 

407 

3334 

233-4 

467 

3826 

2678 

527 

43'7 

302-3 
302-8 

587 

48o-9 

3367 

848 

2851 

1996 

408 

3342 

234*0 

468 

3834 

2684 

528 

432*5 

688 

4817 

337*3 

849 

2859 

2O0'2 

409 

335o 

234-6 

469 

384*2 

269-0 

529 

433*4 

303*4 

589 

4825 

3379 

350 
351 

2867 
2875 

2OO7 

410 

3359 

2351 

470 

3850 

2696 

530 

434*2 

304*0 

590 

4833 
4842 

338*4 

20I*3 

411 

3367 

2357 

471 

3858 

270-1 

531 

435-0 

304*5 

591 

339*o 

352 

2883 

201  9 

412 

337*5 

2363 

472 

3866 

2707 

532 

4358 

3051 

592 

4!5'2 

3396 

353 

2892 

202*5 

413 

338*3 

2369 

473 

387-5 

271*3 

533 

436*6 

305*7 

593 

<&l 

340*2 

854 

2900 

203*0 

414 

3391 

237-4 

474 

388*3 

2719 

534 

437*5 

306*3 
3068 

594 

4866 

340-7 

855 

2908 

203*6 

415 

340*0 

2380 

475 

3891 

272*4 

535 

438*3 

595 

4874 

341*3 

856 

291*6 

204*2 

416 

3408 

2386 

476 

3899 

273*0 

536 

439' 

307*4 

596 

488*3 

341-9 

357 

2924 

2047 

417 

341-6 

2392 

477 

3907 

2736 

537 

439*9 

308*0 

597 

4891 

342-5 

358 

2933 

2053 

418 

342*4 

2397 

478 

391*6 

274*2 

538 

4407 

3086 

598 

489*9 

343-o 

859 

294-1 

2059 

419 

343*2 

2403 

479 

392-4 

2747 

539 

44''5 

3091 

599 

4907 

343*6 

360 

2949 

206*5 

420 

344*1 

2409 

480 

393*2 

275-3 

540 

442*3 

3097 

600 

4915 

344'i 

Dilt. 

Dep. 

D.Lat 

Disk 

Dep. 

D.Lat. 

Disk 

Dep. 

D.Lat 

Disk 

Dep. 

D.Lat 

1 

Disk 

Dep. 

D.lAt 
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36° 

gt  24m 

Dist 

D.Ut 

Dep. 

Dist 

D.Ut. 

Dep. 

Dist 

D.Ut 

Dep. 

Dist 

D.Ut 

Dep. 

Dist 

D.Ut 

Dap. 

I 

o*8 

06 

61 

49*4 

3I'9 
36-4 

121 

979 

71-1 

181 

1464 

106*4 

241 

195-0 

141*7 

2 

1*6 

1*2 

62 

50*2 

122 

98-7 

71*7 

182 

147-2 

107*0 

242 

196*6 

142*2 

3 

**4 

18 

63 

51-0 

37*0 

123 

99' 5 

7**  3 

183 

1481 

107*6 

243 

142*8 

4 

3*2 

2*4 

64 

5r8 

37-6 

124 

1003 

72*9 

184 

148-9 

108*2 

244 

197H 

H3#4 

6 

4*o 

2-9 

66 

526 

38-2 

126 

lOI'I 

73*5 

185 

i49'7 

1087 

246 

198*2 

144-0 

6 

4*9 

3$ 

66 

53*4 

388 

126 

101*9 

74' 1 

186 

150-5 

109-3 

246 

1990 

144-6 

7 

i'7 

••5 

4*« 

67 

54'* 

39*4 

127 

102-7 

746 

187 

151-3 

109-9 

247 

199*8 

145*2 

8 

4#7 

68 

55-0 

40*0 

128 

103*6 

75'* 

188 

152-1 

no- 5 

248 

200*6 

1458 
146-4 

~  9 

7*3 

53 

69 

III 

40*6 

129 

1044 

£ 

189 

1529 

111*1 

249 

201*4 

10 

Si 

5? 

70 

41*1 

130 

1052 

190 

1531 

iu*7 

250 

202-3 

146*9 

11 

8-9 

*5 

71 

57*4 

4*#7 

131 

106*0 

77'o 

191 

154*5 

1123 

251 

203-1 

H75 

12 

9'7 

7i 

72 

58-2 

42*3 

132 

106*8 

77*6 

192 

155-3 
156-1 

1129 

252 

203*9 

148*1 

13 

10*5 

76 

73 

59' 1 

429 

133 

107*6 

782 

193 

1134 

263 

204-7 

148-7 

14 

n*3 

8*2 

74 

&'? 

43*5 

134 

108*4 

78*8 

194 

156*9 

114*0 

254 

205-5 

149*3 

16 

12*1 

8-8 

75 

44* « 

135 

109*2 

79*4 

195 

,5Z'I 

114-6 

256 

2063 

1499 

16 

11-0 

13-8 

94 

76 

«»•$ 

44*7 

136 

IIO'O 

79'9 

196 

1586 

115-2 

256 

207-1 

150*5 

17 

IO'O 

77 

62*3 

45*3 

137 

1  io-8 

80-5 

197 

»59'4 

»<*8 
116*4 

257 

207-9 

151'! 

18 

H*6 

10*6 

78 

6r. 

4V8 
4*'4 

138 

111*6 

8i-i 

198 

160*2 

258 

208-7 

151*6 

19 

T4 
16*2 

11*2 

79 

639 

139 

112*5 

81-7 

199 

i6i*o 

117-0 

259 

2095 

152*2 

20 

n*8 

80 

64-7 

47-0 

140 

113-3 

82-3 

200 

161-8 

117-6 

260 

210*3 

152*8 

21 

17-0 

12-3 

81 

til 

476 

141 

114-1 

82-9 

201 

162-6 

1181 

261 

211*2 

"53*4 

22 

I7'« 

12-9 

82 

48-2 

142 

1 149 

83-5 

202 

1634 

118-7 

262 

212*0 

1540 

23 

i8*6 

13*5 

83 

67-i 

48*8 

143 

ii|-7 
1165 

84-1 

203 

164-2 

119-3 

263 

212*8 

154-6 

24 

19*4 

14- 1 

84 

68*o 

49*4 

144 

846 

204 

165*0 

1199 

264 

2136 

155-2 

25 

20*2 

«4*7 

86 

68-8 

50*0 

145 

"73 

852 

205 

165*8 
166*7 

120*5 

266 

214-4 

1558 

26 

%vo 

«$'S 

86 

696 

50-5 

146 

ii8-i 

K 

206 

121*1 

266 

tip 

216*0 

156*4 

27 

21-8 

15-9 

87 

70-4 

$VJ 

147 

X18-9 

207 

i6r5 

1217 

267 

1569 

28 

22"7 

.1-5 

88 

71-2 

5**7 

148 

1 197 

87-o 

208 

1683 

122*3 

268 

216-8 

"57*5 

29 

*3'5 

17-0 

89 

72*0 

5**3 

149 

120*5 

87*6 

209 

169*1 

122*8 

269 

2176 

1581 

30 

*4'3 

176 

90 

7*'8 

52-9 

150 

121*4 

88*2 

210 

169*9 

123*4 

270 

2184 

158-7 

31 

25-1 

182 

91 

73*6 

535 

161 

122*2 

88*8 

211 

170*7 

124*0 

271 

2192 

159*3 

32 

25-9 

18*8 

92 

74*4 

54'i 

152 

123*0 

89*3 

212 

1715 

124*6 

272 

220*1 

i|9*9 

33 

26*7 

194 

93 

75-2 
76*0 

54*7 

153 

123*8 

899 

213 

1723 

125*2 

273 

220*9 

160-5 

34 

%TS 

20'0 

94 

5S'§ 
55*8 

154 

1246 

90-5 

214 

173*1 

1258 

274 

221*7 

161*1 

36 

28-3 

20*6 

96 

7**9 

155 

»|-4 
126*2 

91-1 

215 

173*9 

1264 

275 

222*5 

161-6 

36 

29-1 

21*2 

96 

77'7 

56-4 

156 

91*7 

216 

«747 

127-0 

276 

2233 

162*2 

37 

29-9 

2X7 

97 

78*5 

57'° 

157 

127*0 

92*3 

217 

17J-6 
1764 

127-5 

277 

224*1 

162*8 

38 

30-7 

ai*3 

98 

79' 3 

57-6 

158 

1278 

929 

218 

128*1 

278 

224*9 

163*4 

39 

31*6 

22*9 

99 

80*1 

58-2 

159 

1286 

93*5 

219 

177-2 

128*7 

279 

22J*7 
226*5 

164*0 

40 

3*4 

*3'J 

100 

80-9 

58-8 

160 

1294 

94-o 

220 

178*0 

1*93 

280 

164*6 

41 

33'* 

24-1 

101 

8r7 

6o*o 

161 

130*3 

946 

221 

1788 

129*9 

281 

227*3 

165-* 

42 

34-0 

24*7 

102 

82-5 

162 

1311 

95-2 

222 

1796 

130*5 

282 

228*1 

165*8 

43 

34-8 

25*3 

103 

83-3 

6o-s 

163 

131-9 

95-8 

223 

180*4 

131*1 

283 

229*0 

166*3 

44 

3I6 
36*4 

25-9 
26-  5 

104 

84J 

6ri 

164 

132*7 

96-4 

224 

i8x*t 

131*7 

284 

229*8 

166*9 

46 

106 

84-9 
85.I 
86-6 

«i-7 

165 

I33,5 

97-0 

225 

182*0 

132-3 

286 

230*6 

167*5 

46 

37*2 

27-0 

106 

613 

166 

»34*3 

976 

226 

1828 

132-8 

286 

231*4 

1681 

3 

38*0 

27-6 

107 

61*9 

167 

135-1 

982 

«7 

183*6 

1334 

287 

232-2 

168-7 

38-8 

282 

108 

874 

«V5 

168 

«35'9 
136-7 

98*7 

228 

184-5 

134*0 

288 

233*0 

i69#3 

49 

396 

28*8 

109 

88-2 

«+i 

169 

993 

229 

llP 

134-6 

289 

2338 

1699 

50 

40^ 

29-4 

110 

89*0 

6*'7 

170 

137*5 

99.9 

230 

186-1 

1352 

290 

234-6  «  ITO-5 

61 

4i"3 

30*0 

HI 

89-8 

65*2 

171 

138*3 

100-5 

231 

186*9 

i3|-8 
1364 

291 

235*4    171-0 

62 

42*1 

30*6 

119 

90*6 

65.8 

172 

139*2 

101*1 

232 

187-7 

292 

236*2  *  171*6 

53 

42*9 

31'2 

113 

91-4 

66*4 

173 

140*0 

101-7 

233 

188-5 

1370 

293 

237*0 

172*2 

64 

43*7 

31-7 

114 

92-2 

67*0 

174 

140*8 

102*3 

234 

189-3 

137-5 

294 

237-9 

172-8 

66 

44' 5 

32-3 

116 

93-0 

67-6 

175 

141*6 

102*9 

235 

190*1 

1381 

296 

*38-7 

173*4 

66 

45*3 

3*#9 

116 

93-8 

68-2 

176 

1424 

103-5 

236 

1909 

1387 

296 

*39'5 

174-0 

67 

46-1 

33*5 

U7 

94*7 

(8*8 

177 

143*2 

104-0 

237 

191-7 

139*3 

297 

2403 

174*6 

68 

46-9 

34*  1 

118 

95*5 

694 

178 

144*0 

104*6 

238 

1925 

139*9 

298 

241*  1 

175-2 

59 

47*7 

34'7 

119 

96'3 

69-9 

179 

1448 

105-2 

239 

193-4 

140*5 

299 

241-9 

1757 
176-3 

60 

4*5 

353 

120 

97-1 

70-5 

180 

145-6 

105*8 

240 

1942 

141*1 

300 

242-7 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Ut 

Dist 

Dep. 

D.Ut. 

Dist 

Dep. 

D.Ut. 

Dist 

Dep. 

D.Ut 

54 

1° 

3fc86- 
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SOS 


TRAVERSE  TABLE  TO  DEGREES 

86°                                                    2h  24ni 

Diat 

D.Lat. 

Dep. 

Diat 

D.Lat 

Dep. 

Diat 

D.Lat 

Dep. 

Di<t 

D.Lat 

Dep. 

Diat 

D.Lat 

Dtp. 

801 

243*5 

1769 

361 

292*1 

212*2 

421 

340*6 

247*5 

481 

3891 

282-7 

541 

4377 

318*0 

302 

2443 

177-5 

362 

292-9 

212*8 

422 

3414 

2481 

482 

3900 

2833 

542 

438*5 

3186 

308 

2451 

178*1 

363 

2937 

213*4 

423 

3422 

2486 

483 

3908 

2839 

543 

439*3 

3191 

304 

2460 

1787 

364 

2945 

214*0 

424 

3430 

2492 

484 

391-6 

2845 

544 

4402 

3197 

305 

246*8 

»79'3 

365 

2953 

2146 

425 

3438 

2498 

485 

392*4 

285-1 

545 

4410 

320-3 

306 

2476 

1799 

366 

2961 

215*1 

426 

3447 

2504 

486 

393*2 

2856 

546 

4418 

320-9 

307 

2484 

1805 

367 

2969 

2157 

427 

345*5 

2510 

487 

394*o 

286*2 

547 

442*6 

3215 

306 

2492 

1811 

368 

2977 

2163 

428 

346-3 

251-6 

488 

394*8 

2868 

548 

443*4 

322-1 

309 

2500 

i8t-6 

369 

2985 

2169 

429 

3471 

2522 

489 

395*6 

287-4 

549 

4442 

322-7 

310 
311 

2508 

182*2 

370 

2993 

2175 
2181 

430 

3479 

2528 

490 

396-4 

2880 

550 

445*o 

3233 

2516 

1828 

371 

3002 

431 

3487 

253*3 

491 

397*3 

2886 

551 

445* 

323*8 

312 

2524 

1834 

372 

3010 

2187 

432 

3495 

2539 

492 

3981 

289-2 

552 

4466 

324*4 

313 

2532 

1840 

373 

3018 

219*3 
2198 

433 

350-3 

254*5 

493 

398-9 

2898 

553 

447*4 

325*0 

314 

2540 

184*6 

374 

3026 

434 

351*1 

255*1 

494 

3997 

2903 

554 

448*2 

3256 

315 

254*9 

f!5'2 

375 

303-4 

220'4 

435 

3519 

2557 

495 

4005 

2909 

556 

449*o 

326-2 

816 

2557 

1858 

376 

304*2 

22 IO 

436 

3527 

256*3 

496 

401*3 

2915 

556 

449*8 

3268 

817 

2565 

1864 

877 

3050 

221*6 

437 

3536 

2569 

497 

402*1 

292*  X 

557 

4507 

327*4 

818 

2573 

1869 

378 

3058 

222*2 

438 

354*4 

2575 

498 

4029 

2927 

558 

451*5 

328-0 

819 

2581 

■ST* 

379 

3066 

222*8 

439 

355*2 

25!° 

499 

403-7 

293*3 

559 

452-3 

3285 

320 

2589 

1881 

380 
381 

307-4 

2234 

440 

3560 
3568 

2586 
2592 

500 

4045 

293*9 

560 
561 

453*1 
4539 

3291 
3297 

321 

2597 

1887 

3082 

224'0 

441 

501 

4053 

294*5 

822 

2605 

1893 

382 

3091 

224*5 

442 

357*6 

259*8 

502 

4061 

2950 

562 

4547 

330-3 

323 

2613 

1899 

383 

3099 

225- X 

443 

358-4 

200-4 

503 

4070 

295*6 

563 

455*5 

330-9 

324 

262*  1 

1905 

384 

3107 

2257 

444 

359*2 

261-0 

504 

4078 

296-2 

564 

456-3 

331*5 

825 

2629 

191 0 

385 

3"'5 

2263 

445 

3*°°. 

2616 

505 

408*6 

2968 

565 

457*1 

3321 

326 

263*7 

191-6 

386 

312*3 

226*9 

446 

3608 

2622 
262-8 

506 

4094 

297*4 

566 

457*9 

3327 

327 

2646 

1922 

387 

3*3-1 

2275 

447 

3616 

507 

410*2 

298-0 

567 

458-7 

3333 
333-8 

828 

2654 

1928 

388 

3139 

2281 

448 

3624 

2633 

508 

411*0 

2986 

568 

459*5 

329 

266*2 

1934 

389 

3*47 

228-7 

449 

3633 

2639 

509 

4118 

2992 

569 

4603 

334*4 

330 

267*0 

1940 

390 

3155 

229*2 
2298 

450 

3641 

2645 
265- 1 

510 

4126 

2998 

570 

46 11 

335*o 
335*6 

381 

2678 

1946 

391 

316-3 

451 

3649 

511 

4I3-4 

300*3 

571 

4620 

332 

2686 

1952 

392 

3171 

2304 

452 

3657 

2657 

512 

4142 

300*9 

572 

462-8 

336-2 

333 

269-4 

1957 

393 

3180 

2310 

453 

366*5 

2663 

513 

415*1 

3015 

573 

4636 

336*8 

334 

270*2 

1963 

394 

3188 

2316 

454 

3673 

266*9 

514 

415*9 
4167 

3021 

574 

4644 

337*4 
338-0 

335 

2710 

1969 

895 

3196 

232*2 

455 

368-1 

2675 

515 

3027 

575 

4652 

836 

2718 

197-5 

396 

3204 

2328 

456 

368*9 

268*0 

516 

417-5 

3033 

576 

466*0 

338-5 

337 

272*6 

198-1 

397 

321*2 

233*4 

457 

3697 

2686 

517 

418-3 

303*9 

577 

4668 

339*« 

338 

273-5 

1987 

398 

322-0 

233*9 

458 

370*5 

2692 

518 

419*1 

3044 

578 

4676 

3397 

339 

2743 

1993 

399 

3228 

234*5 

459 

371-3 

2698 

519 

4199 

305-0 

579 

468*4 

340-3 

340 
341 

2751 
2759 

1999 

400 

3236 

2351 
2357 

460 
461 

3722 

3730 

2704 
271-0 

520 
521 

420*7 

305*6 

580 

4693 

340-9 

2004 

401 

324-4 

4215 

306-2 

581 

470*1 

341*5 

342 

2767 

201  0 

402 

3252 

2363 

462 

373*8 

2716 

522 

4223 

3068 

582 

47o*9 

342*1 

343 

2775 

201-6 

403 

3260 

2369 

463 

374*6 

2722 

523 

4231 

307-4 

583 

4717 

3427 

344 

278-3 

202'2 

404 

326*9 

2375 

464 

3754 

2727 

524 

4239 

3080 

584 

472*5 

343*2 

345 

2791 

202-8 

405 

3277 

2381 

465 

3762 

273*3 

525 

4247 

308-6 

585 

473*3 

3438 

346 

279*9 

203*4 

406 

3285 

2387 

466 

377-o 

273*9 

526 

4255 

3092 

586 

474*1 

344*4 

847 

2807 

2O4O 

407 

3293 

2392 

467 

3778 

274-5 

527 

426-4 

3097 

587 

474*9 

345*0 

848 

281*5 

204-6 

408 

3301 

239*8 

468 

3786 

2751 

528 

427*2 

3io*3 

588 

4757 
476$ 

3456 

348 

2824 

205' I 

409 

330*9 

2404 

469 

379*4 

275*7 

529 

4280 

3io-9 

589 

346-2 

350 

2832 

2057 

410 

3317 

241*0 
241*6 

470 
471 

3802 

2763 

530 

428*8 

3"5 

590 

477*3 

3468 

351 

284*0 

2063 

411 

332*5 

381*1 

2769 

531 

4296 

312*1 

591 

478*2 

347*4 

352 

2848 

206-9 

412 

3333 

242*2 

472 

3819 

277*4 

532 

430*4 

3127 

592 

479-0 

347*9 

853 

fi'6 

2075 

413 

3341 

2428 

473 

3827 

278*0 

533 

43»*2 

3133 

593 

479*8 

348*5 

354 

2864 

2081 

414 

334*9 

243*4 

474 

3835 

2786 

534 

4320 

313*9 

594 

480-6 

3491 

355 

2872 

2087 

415 

335*8 

243*9 

475 

3843 

2792 

536 

4329 

314*4 

596 

4814 

3497 

356 

288*0 

2093 

416 

3366 

2445 

476 

3851 

2798 

536 

4337 

3i5*> 

596 

4822 

350*3 

3*fr 

2888 

2098 

417 

3374 

2451 

477 

3859 

2804 

537 

4345 

315-6 

597 

483*0 

350-9 

358 

2896 

210*4 

418 

3382 

245-7 

478 

3867 

281*0 

588 

435*3 

.316*2 

698 

4838 

351*5 

352 

2904 

21  ro 

419 

339*0 

2463 

479 

3875 

281*6 

539 

436-1 

3168 

599 

4846 

3521 

360 

2913 

2X1*6 

420 

339*8 

2469 

480 

388-3 

282*1 

640 

436*9 

3i7'4 

600 

485-4 

3527 

Dili 

Dep. 

D.Lat. 

Diat 

Dep. 

D.Lat 

Diat. 

Dep. 

D.Lat 

Diatj  Dep. 

D.I*t 

Diat 

Dep. 

D.Lat 

54°                                                 8h  86** 

504 


TABLE  1 


TRAVERSE  TABLE  TO  DEOREE8 

37°                                                 2h  28m 

DUt 

DXal 

Dep. 

Dist 

D.Lat, 

Dep. 

Dist  D.  Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist  D.Lat 

Dep. 

I 

o-8 

o*6 

61 

487 

367 

121 

96*6 

7*8 

181 

1446 

1089 

241 

1925 

i45*c 

2 

16 

I'2 

62 

4?' 5 

37*3 

122 

97'4 

73*4 

182 

1454 

109-5 

242 

193*3 

145*6 

3 

24 

r8 

63 

50-3 

37*9 

123 

98*2 

740 

183 

146-2 

1 10*  1 

243 

194- 1 

146*2 

4 

3-2 

**4 

64 

511 

38-5 

124 

990 

746 

184 

146*9 

110-7 

244 

194*9 

146*8 

5 

4*° 

30 

65 

519 

39-1 

125 

99f 

75*2 

186 

»477 

iix*3 

245 

1957 
196*5 

147*4 

6 

4*8 

36 

66 

5*7 

397 

126 

IOO'O 

75-8 

186 

1485 

111*9 

246 

148*0 

7 

I'6 

4* 

67 

53*5 

40-3 

127 

101-4 

76*4 

187 

H9'3 

112*5 

247 

197*3 

i486 

8 

6'4 

4-S 

68 

54-3 

40-9 

128 

102-2 

77"° 

188 

150*1 

113*1 

248 

198*1 

149*3 

9 

7** 

I'4 

69 

55i 

41*5 

129 

I03-0 

77*6 

189 

1509 

113*7 

249 

198*9 

149-9 

10 

80 

60 

76 

55*9 

42- 1 

130 

IO38 

78*2 

190 

1517 

114*3 

250 

1997 

(150*5 

11 

8-8 

6*6 

71 

567 

4*7 

131 

I04'6 

788 

191 

1525 

114*9 

251 

200*5 

151  1 

12 

9* 

7-2 

72 

57'5 

433 

132 

105-4 

79*4 

192 

153  3 

"5*5 

252 

201*3 

151*; 

13 

io«4 

7-8 

73 

5»-3 

43*9 

133 

I06*2 

8o*o 

193 

154-1 

Il6*2 

253 

202*I 

i5**3 

14 

11*2 

8'4 

74 

59#i 

445 

134 

.107*0 

8o-6 

194 

154-9 

n6*8 

254 

202*9 

152-9 

1ft 

12*0 

90 

75 

59*9 

45*  1 

135 

I07*8 

812 

196 

1557 

"7-4 

255 

203-7 

153-5 

16 

12*8 

96 

76 

607 

457 

136 

1086 

81*8 

196 

1565 

1180 

266 

204-5 

154*1 

17 

136 

IO*2 

77 

61*5 

463 

137 

109*4 

8*4 

197 

157-3 

118-6 

257 

205-2 

'54*7 

18 

14*4 

108 

78 

623 

469 

138 

110*2 

831 

198 

158*1 

119*2 

258 

206*0 

155-3 

19  |  15a 

1 14 

79 

63*1 

47'5 

139 

III'O 

837 

199 

1589 

119*8 

259 

206-8 

155*9 

20 

l6'0 

12*0 

80 

63-9 

4*m 

140 

xii-8 

84-3 

200 

159*7 

120*4 

260 

207-6 

156-5 

21 

16-8 

12*6 

81 

647 

487 

141 

112*6 

849 

201 

160*5 

I21'0 

261 

208-4 

157*1 

22 

I7'6 

I3a 

82 

m 

49'3 

142 

113-4 

855 

202 

,6.3 

121*6 

262 

209*2 

'577 

23 

18*4 

I38 

83 

50*0 

143 

114*2 

86*  1 

203 

102*1 

122*2 

263 

210*0 

1583 

24 

19-1 

M*4 

84 

67-i 

50*6 

144 

115*0 

86-7 

204 

162*9 

122*8 

264 

2IO*8 

«58*9 

25 

XO*0 

150 

85 

67*9 

512 

145 

115-8 

87-3 

206 

163*7 

123-4 

265 

211*6 

159-5 

26 

20'  8 

,c-6 

10-2 

86 

687 

5r8 

146 

u6*6 

879 

206 

1645 

124*0 

266 

212*4 

160*1 

27 

21*6 

87 

69-5 

5*4 

147 

117-4 

88*5 

207 

165-3 

124*6 

267 

213-2 

160-7 

28 

22«4 

16*9 

88 

70*3 

530 

148 

1182 

89*1 

208 

l66l 

12$-2 

268 

214*0 

161-3 

29 

23-2 

*7*5 

89 

711 

53'6 

149 

119*0 

897 

209 

166-9 

imc-S 

126*4 

269 

214-8 

161-9 

30 

24*0 

181 

90 

719 

54* 

150 

119*8 

90-3 

210 

167-7 

270 

215*6 

162*5 

31 

248 

187 

91 

7*7 

54*8 

151 

120*6 

90-9 

211 

168*5 

127-0 

271 

216*4 

163-1 

32 

25*6 
26*4 

19-3 

92 

73*5 

554 

152 

1214 

91-5 

212 

169-3 

127-6 

272 

217*2 

1637 

33 

199 

93 

74*3 

56*0 

153 

122-2 

92*1 

213 

170-1 

128*2 

273 

218*0 

1643 

34 

27*2 

20-5 

94 

75'« 

566 

154 

I23'0 

9*7 

214 

170*9 

1288 

274 

218*8 

164-9 

36 

28*0 

211 

96 

75*9 

57-2 

155 

123*8 

933 

215 

171*7 

1*9*4 

276 

219-6 

1655 

36 

28*8 

217 

96 

767 

57*8 

156 

124*6 

93*9 

216 

172-5 

130*0 

276 

220*4 

166*  1 

37 

29-5 

22*3 

97 

77*5 

584 

157 

1254 

945 

217 

173-3 

130-6 

277 

221*2 

1667 

38 

30-3 

22'9 

98 

7»-3 

590 

158 

126*2 

951 

218 

174*  1 

131*2 

278 

222*0 

1673 

39 

31*1 

*3*5 

99 

79-i 

596 

159 

127*0 

957 

219 

174*9 

131*8 

279 

222*8 

167-9 

40 

31-9 

24*1 

100 

79'9 

60-2 

160 

127-8 

963 

220 

175*7 

132*4 

280 

223*6 

168-5 

41 

327 

*47 

101 

807 

608 

161 

1286 

969 

221 

1765 

1330 

281 

224-4 

169*1 

42 

335 

*5*3 

102 

8r5 

614 

162 

1294 

97*5 

222 

177-3 

133*6 

282 

225-2 

169-7 

43 

34*3 

259 

103 

82-3 

62*0 

163 

130-2 

98*1 

223 

178-1 

134*2 

283 

226*0 

170*3 

44 

35-i 

26*5 

104 

«3'i 

62-6 

164 

131*0 

987 

224 

1789 

134-8 

284 

226*8 

170-9 

45 

35*9 

27-1 

106 

839 

63*2 

166 

131*8 

99'3 

226 

179*7 

135*4 

285 

227*6 

171*5 

46 

36-7 

277 

106 

847 

638 

166 

132*6 

99*9 

226 

1805 

136-0 

286 

228*4 

172*1 

47 

37*5 

28-3 

107 

Sj'5 

64'4 

167 

133*4 

100-5 

227 

181*3 

1366 

287 

229*2 

17*7 

48 

3*3 

28*9 

108 

86-3 

65-0 

168 

1342 

101*1 

228 

182*1 

137*2 

288 

23CO 

173#3 

49 

391 

29-5 

109 

sri 

656 

169 

1350 

J017 

229 

182*9 

137*8 

289 

230*8 

173*9 

50 

39*9 

30- 1 

no 

87-8 

662 

170 

1358 

102*3 

230 

1837 

138*4 

290 

23I-6 

174*5 

51 

407 

307 

HI 

88*6 

66*8 

171 

1366 

102*9 

231 

184-5 

139c 

291 

232-4 

I75*i 

62 

4i'5 

31*3 

112 

89-4 

67-4 

172 

*37*4 

">3*5 

232 

185-3 

139*6 

292 

233-2 

1757 

63 

4*'3 

31-9 

113 

90*2 

680 

173 

138-2 

104*1 

233 

1861 

140*2 

293 

234-0 

176*3 

64 

43-« 

32-5 

114 

91-0 

68-6 

174 

139-0 

104-7 

234 

x86*9 

140*8 

294 

2348 

176-9 

66 

43*9 

33'i 

115 

9r8 

69*2 

175 

139-8 

105-3 

236 

1877 

141*4 

295 

2356 

177*5 

66 

44*7 

33*7 

116 

92*6 

698 

176 

140*6 

105*9 

236 

188-5 

142*0 

296 

2364 

178*1 

67 

45*5  1  343 

117 

934 

70-4 

177 

141*4 

106*5 

237 

1893 

142*6 

297 

237*2 

1787 

68 

46-3  1  34*9 

118 

942 

71*0 

178 

142*2 

107-1 

238 

190*1 

143*2 

298 

238*0 

179*3 

69 

47-'    355 

119 

950 

71*6 

179 

143*0 

107*7 

239 

1909 

143*8 

299 

238*8 

179*9 

60 

47*9 

36- 1 

120 

95-8 

72*2 

180 

1438 

108-3 

240 

1917 

144*4 

300 

2396 

180*5 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

DistJ  Dep. 

D.Lat 
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37°                                                         2h  28» 

Dist. 

D.Lat 

Dep.  bist 

D.Lat. 

Dep. 

Dist  D.  Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

2404 

181-1 

361 

2883 

217*3 

421  {  336:2 

253*4 

481 

384*1 

289-5 

541 

4320 

3256 

302 

241-2 

1817 

362 

289-1 

2179 

422 

337-0 

2540 

482 

3849 

290*0 

542 

4328 

326-2 

803     2420 

182-4 

363 

2899 

2185 

423 

3378 

254*6 

483 

385*7 

2906 

543 

4336 

3268 

304 

2427 

183-0 

364 

2907 

219-1 

424 

3386 

2552 

484 

386-5 

291-2 

544 

434*4 

327-3 

305 

2435 

1836 

365 

2915 

2197 

425 

339*4 

255-8 

485 

3!P 

2918 

545 

435*2 

327*9 

806 

2443 

1842 

366 

2923 

2203 

426 

3402 

2564 

486 

3881 

2924 

546 

436o 

3285 

307 

2451 

1848 

367 

2931 

2209 

427 

3410 

257*0 

487 

3889 

2930 

547 

436-8 

329*1 

308 

2459 

1854 

368 

293*9 

2215 

428 

341-8 

257*6 

488 

3897 

2936 

548 

437*6 

3297 

809 

2467 

i860 

369 

2947 

222*1 

429 

3426 

2582 

489 

390-5 

294*2 

549 

438*4 

3303 

310 

2475 

1866 

370 

2955 

222*7 

430 

3434 

2588 

490 

391-3 

294-8 

550 

439*2 

330-9 

311 

2483 

1872 

371 

2963 

2233 

431 

344*2 

259*4 

491 

3921 

2954 

551 

440-0 

331*5 

312 

2491 

1878 

372 

2971 

2239 

432 

345*o 

260-0 

492 

3929 

296-0 

552 

4408 

3321 

313 

2499 

1884 

373 

2979 

2245 

433 

345*8 

2606 

493 

3937 

2966 

553 

441*6 

3327 

814 

2507 

1890 

374 

2987 

225'I 

434 

3466 

261*2 

494 

3945 

297-2 

554 

442*4 

333*3 

815 

2515 

1896 

375 

2995 

2257 

435 

347*4 

2618 

495 

395*3 

297*8 

555 

443*2 

333*9 

316 

2523 

1902 

376 

30O-3 

226-3 

436 

348-2 

262*4 

496 

3961 

2985 

556 

4440 

334* 

817 

2531 

1908 

377 

3011 

226*9 

437 

349*0 

2630 

497 

396-9 

2991 

557 

444*8 

335*2 

318 

253*9 

1914 

378 

3018 

2275. 

438 

349*8 

2636 

498 

3977 

2997 

558 

445*6 

335*8 

319 

2547 

192*0 

379 

3026 

.228-1 

439 

3506 

264-2 

499 

398-5 

3oo-3 

559 

446-4 

336-4 

320 

255*5 

192-6 

380 

3034 
3042 

2287 

440 

351*4 

2648 
2654 

500 

399*3 

300-9 

560 

447*2 

337*o 

321 

2563 

1932 

381 

2293 

441 

352*2 

501 

400-1 

3015 

561 

448-0 

337*6 

322 

2571 

193-8 

382 

3050 

229*9 

442 

3530 

2660 

502 

4009 

3021 

562 

4488 

338-2 

323 

257*9 

194-4 

383 

3058 

230-5 

443 

3538 

2666 

506 

4017 

3027 

563 

449*6 

3388 

324 

2587 

1950 

384 

306*6 

23n 

444 

354*6 

267-2 

504 

4025 

3033 

564 

450*4 

339*4 

325 

2595 

1956 

385 

307*4 

2317 

445 

3554 

2678 

505 

4033 

303*9 

565 

451-2 

340'q 

826 

2603 

1962 

386 

3082 

232*3 

446 

3562 

2684 

506 

4041 

304*5 

566 

452*0 

3406 

827 

26 11 

1968 

387 

309-0 

2329 

447 

3570 

2690 

507 

404*9 

3051 

567 

452*8 

341-2 

328 

261*9 

197*4 

388 

3098 

233*5 

448 

357*8 

269-6 

508 

405-7 

3057 

568 

453*6 

341*8 

329 

2627 

1980 

389 

3106 

2341 

449 

3586 

270-2 

509 

4065 

3063 

569 

454*4 

342*4 

330 

2635 

1986 

390 

3»*4 

2347 

450 

359*4 

2708 

510 

4073 

3069 

570 

455*2 

343*o 

331 

2643 

1992 

391 

3122 

2353 

451 

3601 

271-4 

511 

4081 

3075 

571 

456-o 

343*6 

332 

265- 1 

199*8 

392 

3130 

2359 

452 

3609 

272-0 

512 

4089 

308-2 

572 

4568 

344*3 

833 

265-9 

200-4 

893 

313-8 

2365 

453 

3617 

272-6 

513 

4097 

308-8 

573 

457*6 

344*9 

334 

2667 

201  0 

894 

314*6 

2371 

454 

3625 

273*2 

514 

4105 

309*4 

574 

458*4 

345*5 

835 

2675 

201 -6 

395 

3I5-4 

2377 

455 

3633 

2738 

515 

411*3 

3100 

575 

459*2 

346-1 

336 

2683 

2022 

396 

3162 

2383 

456 

3641 

2744 

516 

412  1 

3106 

576 

4600 

3467 

837 

2691 

202-8 

397 

3i7-o 

2389 

457 

3649 

2750 

517 

4129 

311-2 

577 

460-8 

347*3 

338 

2699 

2034 

39S 

317-8 

239*5 

458 

3657 

275*6 

518 

4137 

3118 

578 

461-6 

3479 

339 

2707 

204'0 

399 

318-6 

24OI 

459 

366-5 

276-2 

519 

4145 

3124 

579 

4624 

348-5 

340 

2715 

2046 

400 

319*4 

2407 

460 

367-3 

2768 

520 

4153 

313-0 

580 

4632 

349*1 

341 

272-3 

2052 

401 

3202 

24I-3 

461 

3^8-1 

277*4 

521 

416  1 

3136 

581 

464-0 

3497 

842 

2731 

2058 

402 

3210 

2419 

462 

3689 

2780 

522 

4169 

314-2 

582 

4648 

350*3 

843 

273-9 

2064 

403 

3218 

2425 

463 

3697 

2786 

523 

4177 

3H-8 

583 

465*6 

350*9 

344 

2747 

207-0 

404 

3226 

243-1 

464 

370-5 

2792 

524 

418-5 

3154 

584 

466*4 

351*5 

345 

275*5 

207-6 

405 

3234 

2437 

465 

371*3 

279-8 

525 

4193 

3160 

585 

467*2 

3521 

346 

2763 

208-2 

406 

3242 

2443 

466 

3721 

280-4 

526 

420- 1 

3166 

586 

4680 

352*7 

847 

2771 

2088 

407 

3250 

2449 

467 

372*9 

2810 

527 

4209 

3172 

5S7 

4688 

353*3 

348 

277*9 

2094 

408 

3258 

245*5 

468 

3737 

2816 

523 

4217 

3178 

588 

469*6 

353*9 

349 

2787 

2IOO 

409 

3266 

246' 1 

469 

3745 

282-3 

529 

4225 

3184 

589 

470*4 

354*5 

350 

2795 

2106 

410 

327-4 
328*2 

2467 

470 

3753 

282-9 

530 
631 

423*3 

3190 

590 

471*2 

355-1 

861 

a8o*3 

2II-2 

411 

247*3 

471 

376-« 

283*5 

4241 

3196 

601 

4720 

3557 

352 

2811 

211*8 

412 

3290 

247  9 

472 

3769 

2841 

532 

4249 

3202 

592 

472  8 

356-3 

363 

2819 

212*4 

413 

3298 

248-5 

473 

3777 

2847 

533 

4257 

3208 

693 

473*6 

356*9 

854 

2827 

2I30 

414 

330-5 

2492 

474 

3785 

2853 

534 

4265 

321*4 

594 

474*4 

357-5 

356 

2835 

2136 

415 

33M 

2498 

475 

379*3 

2859 

535 

4273 

3220 

595 

475*2 

358*1 

868 

2843 

214*2 

416 

332*2 

2504 

476 

3801 

2865 

536 

428-1 

322-6 

596 

4760 

358-7 

857 

2851 

214*8 

417 

333-0 

25I-0 

477 

3809 

2871 

637 

4289 

3232 

697 

4768 

359*3 

858 

2859 

2154 

418 

3338 

251'6 

478 

3817 

2877 

538 

429-7 

3238 

598 

477*6 

359*9 

359 

2867 

2l6l 

419 

334*6 

252'2 

479 

382-5 

2883 

639 

430-5 

324*4 

699 

4784 

36o-5 

360 
Dist. 

2875 

2l67 

420 

3354 

2528 

480 

3833 

2889 

640 

431*3 

325* 

600 

4792 

361-1 

Pep. 

D.Lat 

Diet 

Dep. 

D.Lat. 

Diet. 

Dep. 

D.Lat 

Diet 

Dep. 

a  Lat 

Dist 

Dtp. 

D.Lat. 
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38°                                                2*32-» 

Dist 

D.L*t 

Dn>. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

1 
2 

: 

« 

; 

8 

9 

10 

o-8 
1*6 
*'4 
3* 
3*9 
4*7 

*! 

7'i 
7'9 

o-6 

1*2 

r8 
**5 
3'i 
3*7 
43 
4'9 

U 

61 

62 
63 
64 
65 
66 
67 
68 
69 
70 

48*1 

48-9 
49*6 

50*4 
51-2 
52*0 
52-8 
536 
54*4 
55'* 

37*6 
382 
38*8 

39'4 
40*0 
40*6 
412 
41*9 
4*' 5 
43'i 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

95-3 
96*1 
96*9 

97*7 
98*5 

99'3 

IOO*I 

100*9 

101*7 

102*4 

74'5 
75-i 
7S'7 
76-3 
77-0 
77*6 
78*2 
78*8 

79*4 
8o*o 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

1426 

143-4 
1442 
1450 
1458 
1466 

147-4 
1481 
1489 
149-7 

1 1 1-4 

112*1 

1127 

113*3 
1139 
1 145 

115*1 

115-7 
1164 
117-0 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 

1899 

190-7 

191*5 
1923 

193*1 
1939 
1946 

195*4 
196*2 
197-0 

148*4 
149*0 
149-6 
150-2 
150-8 

1515 
1521 
152*7 
153*3 
153*9 

11 
12 
11 
14 
15 
16 
17 
18 
19 
10 

8-7 
95 

IO*2 

n*o 
n*8 
»-6 
134 
141 
15-0 
IS** 

6-8 

7"4 
8*o 
8-6 
9* 
99 
10*5 
111 

li*7 
123 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

5*5-7 
57*5 
5«'3 
59*1 

59*9 

60*7 

02*3 

63*0 

43*7 
443 

46-2 
46*8 

47*4 
480 
486 
49*3 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

103*2 
104*0 
104*8 
105*6 
106*4 
107*2 
108*0 
108-7 
109-5 
no- 3 

80-7 
813 
819 

!vs 

83-1 
83-7 

843 
85*0 
85-6 
86*2 

191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

150*5 
151*3 
1521 
1529 
153*7 
1545 

\>& 

156* 
157-6 

1176 

Il8*2 

1188 
"9-4 

I20-1 

120*7 
1213 
121*9 

122*5 

123*1 

251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

1978 
198*6 

199*4 
200*2 
200*9 
201*7 
202-5 

203-3 

204*1 

2049 

1545 
155-1 

i56*4 

157*0 
157-6 
158*2 
158-8 

160*1 

"21^ 
21 

23 
14 
26 
16 

17 
18 
19 
80 

165 

«7*3 
181 
18-9 
19-7 

0O'5 

21-3 

22*1 
*3-6 

129 

135 
142 
148 

16*0 
166 
17-2 
ir9 
i8S 

81 
82 
83 
84 
85 
88 
87 
88 
89 
90 

638 
64*6 

*5*4 
661 
67*0 
67-8 
68*6 
69*3 
70*1 
70*9 

49*9 
50*5 
51*1 

51*7 
5*3 
520 
53*6 
54* 
54-8 
55*4 

141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

III'I 
1x1*9 
112*7 
113*5 
1143 
115*0 

Wti 

1174 
1 18*2 

86*8 

87-4 
880 
88*7 
89-3 
899 
905 
91*1 
917 
92-3 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

i58-4 
XI 

1608 
161-5 
162*3 
1631 

163-9 
164-7 
165*5 

i*3'7 
1244 
125*0 
125*6 
126*2 
1268 
127*4 
128*1 
1287 
1*9*3 

261 
262 
263 
264 
265 
266 
267 
268 
269 
270 

205*7 

206*5 

207*2 
208*0 

2088 

209*6 
210*4 

211*2 
212*0 
212*8 

160-7 
1613 
161*9 
1625 
1632 
163-8 
164-4 
165-0 
165*6 
166*2 

31 
32 
33 
34 
35 
36 
37 
88 
38 
40 

*4'4 
25*2 
26*0 
268 
27-6 
284 
29*2 

*9'9 
3o-7 
31*5 

191 
197 

20*3 
20*9 
21*5 

22*2 
22*8 

*3'4 

24*0 

246 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

71*7 
7**  5 
73*3 
74'i 
74*9 
75'6 
76*4 

77'» 
78*0 
78*8 

56*0 
566 
57'3 
579 
585 
59'  1 
597 
oo*3 
6x*o 
6i*6 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

1190 
119*8 
120*6 
121*4 
122*1 
122*9 
123*7 
1245 

\%\ 

930 
93-6 
94-J 
94-8 

954 
96*0 
96*7 
97*3 
97*9 
98-5 

211 
212 
213 
214 
216 
216 
217 
218 
219 
220 

1663 
167-1 

167-8 
168*6 

169H 
170*2 
171*0 
171-8 
172*6 
173*4 

1299 
130*5 
131*1 

1318 
132-4 
133-0 
133*6 
134* 
1348 
135*4 

271 
272 
273 
274 
275 
276 
277 
278 
279 
280 

213*6 
2I43 

215*1 

SIM 

216*7 
217*5 
218*3 
219*1 
219*9 

220*6 

1668 

i6r5 
168-1 
168*7 
169-3 
1699 
170-5 
171-2 
1718 
172-4 

41 
41 
43 
44 

45 
46 
47 
48 
49 
50 

3**3 
33'i 
339 

34*7 

H'5 
30*2 

37*o 
37-8 
386 

394 

25*2 

2|*9 

26-5 

27*1 

27*7 
28*3 
28-9 
29*6 
30*2 
30-8 

101 
102 
103 
104 
105 
106 
107 
108 
109 

no 

79*6 
80*4 

8l*2 

82*0 
82*7 
'35 
«4'3 
85*  1 

IP 

86*7 

62*2 
628 
63-4 
64*0 
646 
653 
65*9 
665 
67*1 
67-7 

161 
162 
163 
164 
166 
166 
167 
168 
169 
170 

1269 
127*7 
128*4 
1292 
130*0 
130*8 
1316 
1324 
133*2 
1340 

99*  1 

99*7 
100*4 
101*0 
101*6 

102*1 
102*8 
I03«4 

104*0 
104*7 

221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

174*2 
174-9 

Ws 

177-3 
178*I 

178-9 

179*7 

180*5 
181-2 

136*1 
136-7 
137*3 
137-9 
1385 
139-1 
139*8 
140*4 
141-0 
141*6 

281 
282 
283 
284 
285 
286 
287 
288 
289 
290 

221*4 
222*2 
223*0 
223*8 

224' 6 

225*4 
226-2 
226*9 

227*7 
228*5 

1730 
1736 
174*2 
174-8 
175*5 
176-1 
176-7 
1773 
177*9 
178-5 

51 
52 
58 
54 
55 
56 

67 
58 
59 
60 

40*2 
410 

418 
4r6 

43'J 
441 
44'9 

465 

47*3 

31-4 

32*0 
32*6 
33** 
339 
34*5 
35'" 
35*7 
363 
36*9 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

87-5 
88*3 
89*0 
89*8 
90*6 
91*4 
92*2 
93*0 
938 
946 

683 
69*0 
696 

70*2 
70*8 

7i*4 
72*0 
72*6 
73*3 
73*9 

171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

134*7 
135-5 
1363 

i37'i 
137-9 
138*7 

«39'5 
140*3 
1411 
1418 

105*3 
105*9 
106*5 
107*1 

107*7 
108-4 
109*0 
109*6 
110*2 
110*8 

231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

182*0 
182*8 
183-6 

1844 
185-2 
i860 
186*8 
187*5 
188-3 
1891 

1422 
142*8 

I43'4 
144*  1 

1447 
>45'3 
145*9 
146-5 
147*1 
147-8 

291 
292 
293 
194 
195 
296 
297 
298 
299 
300 

229-3 

230-1 

230-9 
231*7 
232*5 

*33'3 
234*0 
234*8 
235*6 
2364 

179a 
1798 
180-4 
18  vo 
181-6 
182*2 
182*9 

i8r5 
184-1 
184*7 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep.  ID.  Lat 

Dist 

Dep. 

D  Lat 

52°                                              3h 

ftP 

TABLE  1 

50? 

TRAVERSE  TABLE  TO  DEGREES 

38°                                                         ?>  32* 

Dift 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dtp. 

Dist  D.  Lat 

Dep. 

801 

337-2 

I85-3 

361 

2S4*5 

222*3 

421 

331-8 

259*2 

481 

379*0 

296*2 

541 

4263 

333*1 

802 

2380 

■I*? 

362 

286*0 

222*9 

422 

3325 

259*8 

482 

379*8 

2968 

542 

4271 

333*7 

803 

2388 

1866 

363 

2235 

423 

3333 

2604 

483 

3806 

297*4 

543 

4279 

334*3 

804 

2396 

1872 

364 

2868 

2241 

424 

3341 

261*0 

484 

3814 

2980 

544 

4287 

335o 

805 

240*3 

1878 

365 

2876 
288*4 

2247 

425 

334*9 

2617 

485 

3822 

2986 

545 

429*5 

335*6 

806 

241-1 

1884 

366 

2253 

426 

3357 

2623 

486 

383*o 

2992 

546 

430-3 

336*2 

807 

2419 

1890 

367 

289-2 

2260 

427 

330*5 

262-9 

487 

3838 

2998 

547 

431-0 

336  8 

808 

2427 

1896 

368 

290-0 

2266 

428 

3373 

2635 

488 

384*5 

3004 

548 

431*8 

337*4 

309 

2435 

1902 

369 

2908 

227*2 

429 

338i 

264*  X 

489 

3853 

301-1 

549 

432*6 

338o 

310 

244*3 

1909 

370 

2916 

2278 

430 

3388 

2647 

490 

3861 

3017 
302-3 

550 

433*4 

3386 
339*3 

311 

2451 

I9I-5 

371 

2924 

228*4 

431 

3396 

2654 

491 

386-9 

551 

434*2 

312 

245*9 

192*1 

372 

293« 

2290 

432 

340*4 

2660 

492 

3877 

3029 

552 

435*0 

339*9 

318 

246*6 

1927 

873 

293*9 

2296 

433 

341*2 

2666 

493 

388*5 

3035 

553 

435*8 

340-5 

314 

247*4 

193-3 

374 

2947 

230-3 

434 

3420 

2672 

494 

3893 

3042 

554 

4366 

341-1 

815 

248*2 

1939 

375 

295*5 

2309 

435 

3428 

2678 

495 

390  1 

3048 

555 

437*4 

341-7 

316 

249*0 

1946 

376 

2963 

2315 

436 

343*6 

2684 

496 

390  9 

305*4 

556 

438l 

342*3 

317 

2498 

1952 

377 

2971 

2321 

437 

344*4 

269-1 

497 

391*6 

3060 

557 

4389 

343*0 

818 

2506 

1958 

378 

297*9 

2327 

438 

345*2 

2697 

498 

392*4 

3066 

558 

439  7 

343*6 

819 

2514 

1964 

379 

2987 

2333 

489 

345*9 

2703 

499 

393*2 

307*2 

559 

4405 

344*2 

320 

2522 

197*0 

380 
381 

299*4 

2340 

440 

3467 

2709 

500 

3940 
394*8 

307*8 

560 

441*3 

344*8 

321 

253*0 

1976 

3002 

2346 

441 

347*5 

2715 

501 

3084 

561 

4421 

345*4 
346o 

322 

3537 

1982 

382 

3010 

2352 

442 

348-3 

272-1 

502 

395*6 

3091 

562 

442-9 

323 

254*5 

1989 

383 

3018 

2358 

443 

3491 

2727 

503 

3964 

3097 

563 

4437 

3466 

324 

2553 

1995 

384 

3026 

2364 

444 

349*9 

273*4 

504 

397*2 

310*3 

564 

444*4 

3472 

325 

256*1 

200'I 

385 

3034 

237-0 

445 

3507 

2740 

505 

397*9 

3109 

565 

445'2 

347*8 

326 

2569 

2007 

386 

3042 

2377 

446 

351-5 

274*6 

506 

3987 

3"*6 

566 

4460 

348*5 

327 

2577 

201 -3 

887 

3050 

2383 

447 

352*2 

275*2 

507 

399*5 

312*2 

567 

446*8 

3491 

328 

258*5 

201 -9 

388 

3057 

2389 

448 

353*o 

275*8 

508 

4003 

3128 

568 

447*6 

3497 

329 

259-3 

202*6 

389 

3065 

2395 

449 

353*8 

2764 

509 

4011 

313*4 

569 

4484 

350*3 

330 

2600 

203*2 

890 

307-3 

2401 

450 

354*6 

277*1 

510 
511 

401*9 
4027 

3i4*o 

570 

449*2 

350-9 

331 

260*8 

2038 

891 

3081 

2407 

451 

355*4 

2777 

314*6 

571 

4500 

3516 

332 

261*6 

204-4 

S92 

3089 

2413 

452 

3562 

278-3 

512 

403*5 

315*2 

572 

4507 

352-a 

888 

262*4 

205-0 

393 

3097 

2420 

453 

357*o 

2789 

513 

4042 

315*8 

573 

451*5 

352*8 

834 

2632 

2056 

394 

3W5 

242*6 

454 

357-8 

279*5 

514 

4050 

316*4 

574 

452*3 

353*4 

385 

264*0 

2063 

395 

31 1*3 

2432 

455 

358-5 

2801 

515 

4058 

317*I 

575 

453*1 

354*o 

336 

2648 

2069 

396 

3121 

2438 

456 

359*3 

2807 

516 

4066 

3177 

576 

453*9 

354*6 

387 

265*6 

2075 

397 

3128 

2444 

457 

360-1 

2814 

517 

4074 

318-3 

577 

4547 

355*2 

388 

2663 

2081 

398 

3136 

2450 

458 

3609 

282-0 

518 

4082 

318-9 

578 

455*5 

355*8 

339 

2671 

2087 

399 

314*4 

2457 

459 

3617 

2826 

519 

409*0 

319*5 

579 

4563 

356-4 

340 

2679 

2093 

400 

315*2 

2463 

460 

3625 

2832 

520 
521 

4098 
410*6 

320*2 

580 

457*1 
457*8 

357-1 
3577 

341 

2687 

2099 

401 

3160 

2469 

461 

363-3 

2838 

3208 

581 

842 

2695 

210*6 

402 

3168 

247-5 

462 

3641 

2844 

522 

411*3 

3214 

582 

458*6 

358*3 

843 

2703 

211*2 

403 

3176 

248' I 

463 

3649 

285*1 

523 

412*1 

322-0 

583 

459*4 

358*9 

844 

271*1 

211*8 

404 

3i8-4 

2487 

464 

365*6 

2857 

524 

4129 

3226 

584 

460-2 

359*5 

845 

2719 

212*4 

405 

3191 

2493 

465 

366-4 

2863 

525 

4137 

3232 

585 

461-0 

360*2 

846 

2727 

2130 

406 

3199 

2500 

466 

367*2 

2869 

526 

414-5 

323*8 

586 

461*8 

360*8 

847 

273*4 

213*6 

407 

3207 

2506 

467 

368*0 

2875 

527 

415*3 

324*5 

587 

4626 

3614 

348 

2742 

2143 

408 

3215 

251*2 

468 

368*8 

2881 

528 

416-1 

3251 

588 

4633 

362*0 

849 

275-o 

214  9 

409 

3223 

251*8 

469 

369*6 

2887 

529 

4i6*9 

3257 

589 

464*1 

362*6 

350 

275*8 

215*5 

410 

3231 

252*4 

470 

37o-4 

j8qj 
290*0 

530 
531 

4176 
4184 

3263 
3269 

590 

464*9 

3632 

351 

276*6 

2l6l 

411 

3239 

2530 

471 

371*2 

591 

4657 
4665 

3638 

352 

2774 

2l6*7 

412 

3247 

2537 

472 

371*9 

290-6 

532 

419*2 

327*5 

592 

3644 

358 

278*2 

2173 

413 

3255 

2543 

473 

3727 

291-2 

533 

4200 

3282 

593 

4673 

3651 

354 

2790 

2i8*o 

414 

3262 

2549 

474 

373*5 

2918 

534 

4208 

3288 

594 

4681 

3657 
3663 

355 

2797 

2186 

415 

3270 

2555 

475 

374*3 

2924 

535 

421*6 

329*4 

595 

4689 

356 

280*5 

219*2 

416 

3278 

2561 

476 

375*1 

2931 

536 

4224 

3300 

596 

469-7 

3669 

857 

2813 

219*8 

417 

3286 

2567 

477 

375*9 

2937 

537 

4232 

330-6 

597 

470-5 

367*5 

358 

2821 

220'4 

418 

3294 

357-4 

478 

3767 

394*3 

538 

424*0 

331*2 

598 

471*2 

368*1 

869 

2829 

221*0 

419 

330*2 

2580 

479 

377*5 

2949 

539 

4247 

331*8 

599 

472*0 

3687 

360    2837 

221*6 

420 

33i-o 

2586 

480 

3782 

2955 

540 

4255 

332*5 

600 

472*8 

3694 

Dirt. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

52°                                                  8»  28* 

608 


TABLE  1 


TRAVERSE  TABLE  TO  DE0REE8 

89°                                                    2*  »* 

DlBt 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.  Ut. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

1 

o*8 

o-6 

61 

47*4 

38-4 

121 

94-0 

76-1 

181 

X407 

113-9 

241 

187*3 

1517 

2 

r6 

1*3 

62 

482 

39-0 

122 

94*8 

76*8 

182 

Hi*4 

114-5 

242 

1881 

152-3 

3 

2-3 

19 

63 

490 

39-6 

123 

95* 

77'4 

183 

142*2 

115-2 

243 

1888 

152-9 

4 

3«i 

2-5 

64 

49*7 

40-3 

124 

96-4 

78*0 

184 

143-0 

115-8 
116*4 

244 

189*6 

153-5 

5 

3*9 

3'i 

65 

50-5 

409 

125 

97-1 

78*7 

186 

1438 

246 

190-4 

154-2 

6 

4*7 

3'8 

66 

5>'3 

4i*5 

126 

97*9 

79' 3 

186 

144*5 

117-1 

246 

191-2 

154*8 

7 

5*4 

4'4 

67 

521 

422 

127 

987 

Z9'? 

187 

*45'3 

117*7 

247 

192-0 

155*4 

8 

6-2 

5-0 

68 

52-8 

42-8 

128 

99*5 

8o*6 

188 

146*1 

118-3 

248 

192-7 

156-1 

9 

7*o 

5*7 

69 

53-6 

434 

129 

100-3 

8l*2 

189 

146-9 

118-9 
119*0 

249 

193-5 

1567 

10 

7-8 

6'3 

70 

54'4 

44*i 

130 

ioi-o 

81-8 

190 

147-7 

260 

194-3 

157-3 

11 

8-5 

6.9 

71 

55-2 

44*7 

131 

ioi'8 

82-4 

191 

>48-4 

120-2 

251 

1951 

158-0 

12 

93 

7-6 

72 

56*0 

45*3 

132 

102*6 

831 

192 

149*2 

120*8 

262 

1958 

158-6 

13 

10*  I 

8*2 

73 

56-7 

45*9 

133 

103-4 

83-7 

193 

150-0 

121-5 

253 

1966 

159-2 

14 

io*9 

8-8 

74 

57*5 

466 

134 

104-1 

843 

194 

150-8 

122*1 

264 

197*4 

159*8 

15 

u*7 

9*4 

75 

58-3 

47-2 

135 

1049 

85*0 

196 

151-5 

122*7 

265 

198*2 

160-5 

16 

I2'4 

io-i 

76 

59- 1 

478 

136 

1057 

85*6 

196 

1523 

1233 

266 

1989 

161-1 

17 

132 

X07 

77 

59-8 

48-5 

137 

106-5 

86-2 

197 

1531 

124*0 

267 

199*7 

161-7 

18 

14-0 

113 

78 

606 

49* « 

138 

107*2 

86-8 

198 

153*9 

124*6 

258 

200*5 

162-4 

19 

14-8 

I2-0 

79 

61-4 

49*7 

139 

108*0 

!r* 

199 

>54'7 

125-2 

269 

201-3 

163-0 

20 

15*5 

12*6 

80 

62*2 

50-3 

J40 

io8*8 

881 

200 

155*4 

125*9 

260 

202-1    i63»6 

21 

16-3 

13*2 

81 

62*0 

510 

141 

109*6 

88*7 

201 

156*2 

126-5 

261 

202'8  •  164*3 

22 

17-1 

13-8 

82 

6j-7 

516 

142 

110-4 

894 

202 

1570 

127*1 

262 

203*6  1  164-9 

23 

179 

»4*5 

83 

64-5 

52*2 

143 

111*1 

90*0 

208 

157-8 

127*8 

263 

204-4  165-5 

24 

187 

15-1 

84 

& 

5**9 

144 

iii*9 

90-6 

204 

158-5 

128*4 

264 

205*2    i66m 

25 

194 

10*4 

85 

53*5 

145 

1 127 

91-3 

206 

159*3 

129*0 

266 

205*9  !  166-8 

26 

20-2 

86 

66*8 

54' 

146 

1x3-5 

91-9 

206 

160 'i 

129*6 

266 

2067  |  167-4 

27 

2I"0 

17-0 

•7 

67-6 

54*8 

147 

1 142 

9*'5 

207 

160-9 

1303 

267 

207-5  '  i-58-o 

28 

21*8 

17-6 

88 

68-4 

55'4 

148 

115-0 

93*  1 

208 

161*6 

130*9 

268 

208-3  |  1687 

29 

22'5 

18-3 

89 

69-2 

56*0 

149 

Mil 

938 

209 

162*4 

131-5 

269 

209*1 

169-3 

80 

23-3 

18-9 

90 

699 

56-6 

160 

94*4 

210 

163*2 

132*2 

270 

209-8 

1699 

31 

24*1 

19-5 

91 

707 

57*3 

151 

117*3 

950 

211 

164*0 

1328 

271 

210*6 

170-5 

32 

24-9 

20*1 

92 

7i-5 

57*9 

152 

ii8*i 

95'7 

212 

164-8 

133*4 

272 

2114 

171-2 

33 

25-6 

20*8 

93 

72-3 

58-5 

153 

xx8-9 

963 

213 

165-5 
166-3 

134-0 

273 

212*2 

171*8 

34 

26-4 

21-4 

94 

73*i 

59-2 

154 

1 19"7 

969 

214 

134-7 

274     212*9 

172-4 

35 

27-2 

22*0 

95 

73*8 

59'8 
oo*4 

155 

1205 

97*5 

215 

167-1 

135*3 

275 

2137 

i73-» 

38 

28-o 

22*7 

96 

74'6 

156 

121*2 

98*2 

216 

167-9 

'35-9 

276 

214-5 

173*7 

37 

28-8 

*3'3 

97 

75*4 

6i'o 

167 

I22#0 

98-8 

217 

1686 

1366 

277 

215-3 

174*3 

38 

295 

23-9 

98 

762 

6i-7 

158 

122*8 

99'4 

218 

169-4 

137*2 

278 

216-0 

1750 

39 

$0-3 

24-5 

99 

76-9 

62*3 

159 

1236 

ioo-i 

219 

170-2 

137-8 

279 

21,6-8 

175-6 
170-2 

40 

31*1 

25-2 

100 

777 

62*9 

160 

I243 

100-7 

220 

171*0 

138-5 

280 

217-6 

41 

31-9 

258 

101 

78-5 

636 

161 

1251 

101*3 

221 

171-7 

139-1 

281 

218-4 

176-8 

42 

32-6 

26*4 

102 

79*3 

64'2 

162 

125-9 

ioi*9 

222 

172-5 

139*7 

282 

219-2 

177*5 

43 

33*4 

27-1 

103 

8o-o 

64'8 

163 

I267 

I02-6 

223 

173*3 

1403 

283 

2199 

1781 

44 

34-2    277 

104 

80 -8 

65> 

164 

I27'5 

103*2 

224 

174-1 

141-0 

284 

2207 

178-7 

45 

35-0 

28-3 

105 

8i*6 

66*i 

165 

128*2 

1038 

225 

174-9 

141*6 

285 

221-5 

179*4 

46 

35*7 

28*9 

106 

82*4 

667 

166 

1290 

104-5 

226 

175-6 

1422 

286 

222-3 

180-0 

47 

36-5 

29*6 

107 

83-2 

673 

167 

129-8 

105-1 

227 

176*4 

142-9 

287 

223*0 

180-6 

48 

37*3 

30-2 

108 

83*9 

68*o 

168 

130-6 

105-7 

228 

177-2 

143-5 

288    2238 

181*2 

49 

38*1 

30-8 

109 

84-7 

68*6 

169 

131-3 

106*4 

229 

178-0 

1441 

289 

224*6 

181-9 

50 

38-9 

3i'5 

no 

85-5 

69*2 

170 

132*1 

107*0 

230 

178*7 

'44-7 

290 

225-4 

182*5 

51 

396 

321 

HI 

86*3 

699 

171 

132-9 

107-6 

231 

179*5 

145*4 

291 

226*1 

183*1 

52 

404 

327 

112 

87*0 

70-5 

172 

'33*7 

108*2 

232    180*3 

146*0 

292   226*9 

183-8 

63 

41*2 

33'4 

113 

87-8 

71-1 

173 

134-4 

108*9 

233 

i8i-i 

146-6 

293 

227-7 

1844 

54 

42*0 

34-0 

114 

88*6 

717 

174 

135-2 

109-5 

234 

181-9 

147%3 

294 

228-5 

185-0 

55 

42-7 

34.6 

115 

89-4 

7**4 

176 

136-0 

1 10*  I 

286 

182-6 

147-9 

295 

2t9'3 

185-6 

56 

43'5 

35'* 

116 

90-1 

73.0 

176 

136-8 

no- 8 

236 

183-4 

'48-5 

296   230*0 

186-3 

67 

44*3 

359 

U7 

90-9 

736 

177 

137-6 

11 1-4 

237 

184-2 

149' « 

297 

230*8 

186-9 

58 

45'* 

36*5 

118 

917 

74*3 

178 

138*3 

II2-0 

238 

185-0 

1498 

298 

231*6 

187-5 

59 

45? 

37-i 

119 

925 

74*9 

179 

139-1 

112*6 

239 

185-7 

150*4 

299 

232-4 

188-2 

60 

466 

37-8 

120 

93'3 

75*5 

180 

139-9 

II3-3 

240 

186-5 

151*0 

300 

233-1 

188-8 

Diet. 

Dep. 

D.Lai 

Out. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lai 
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Diet. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 
421 

D.Lat 

Dep. 

Dist.  D.  Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

SOI 

*33-9 

1894 

361 

280^ 

227-1 

3272 

2649 

481 

373-8 

3026 

541 

4204 

340*4 

302 

2347 

1900 

362 

2813 

2278 

422 

3280 

265*5 

482 

374*6 

303*3 

542 

4212 

3410 

303 

235*5 

190*6 

363 

2821 

2284 

423 

3287 

266-2 

483 

3754 

3039 

543 

422*0 

341*7 

304 

2363 

191-3 

364 

282*9 

229-0 

424 

3295 

2668 

484 

376-1 

304*5 

544 

4227 

342*3 

305 

237*0 

191*9 

365 

2837 

229*7 

425 

33o-3 

2674 

485 

376*9 

305*2 

545 

4235 

342*9 

306 

2378 

1925 

366 

2844 

230-3 

426 

3311 

2680 

486 

3777 

305*8 

546 

4243 

343*6 

307 

2386 

1932 

367 

285*2 

2309 

427 

331*9 

268*7 

487 

378-5 

3064 

547 

4251 

344*2 

308 

239*4 

193-8 

368 

2860 

231*5 

428 

3326 

2693 

488 

379*3 

3071 

548 

425*9 

344*8 

309 

240*1 

1944 

369 

286*8 

2322 

429 

3334 

269-9 

489 

3800 

3077 

549 

426-6 

345*5 

3lO 

2409 

1950 

370 
371 

287-6 

2328 

430 

334*2 

270*6 

490 

380-8 

308*3 

550 

4274 

346*1 

311 

2417 

1957 

2883 

2334 

431 

335*0 

271-2 

491 

381*6 

3089 

551 

4282 

3467 

312 

2425 

1963 

372 

289*1 

2341 

432 

3357 

2718 

492 

3824 

3096 

552 

4290 

3474 

313 

2433 

1959 

373 

2899 

2347 

433 

336*5 

2725 

493 

3831 

3102 

553 

4297 

3480 

314 

244*0 

1976 

374 

2907 

235*3 

434 

337*3 

2731 

494 

3839 

3108 

554 

430*5 

3486 

315 

2448 

1982 

375 

2914 

2360 

435 

33!l 

2737 

495 

3847 

3ii*5 

555 

431*3 

349*2 

316 

2456 

198-8 

376 

292-2 

2366 

436 

338*8 

2743 

496 

3855 

3121 

556 

4321 

349*9 

317 

2464 

1995 

377 

2930 

2372 

437 

339*6 

275-0 

497 

386*2 

3127 

557 

432*8 

350*5 

318 

2471 

200*I 

378 

293*8 

2378 

438 

3404 

2756 

498 

3870 

3133 

558 

4336 

351*1 

319 

2479 

200*7 

379 

2945 

2385 

439 

341*2 

2762 

499 

387*8 

3140 

559 

4344 

351*7 

320 

24S7 

20I*3 

380 

2953 

2391 

440 

3420 

2769 

500 

3886 

3147 

560 

435*2 

3524 
353*0 

321 

2495 

2020 

381 

296*1 

2397 

441 

3427 

2775 

501 

3894 

315*3 

561 

4359 

322 

2503 

202-6 

382 

2969 

2404 

442 

343*5 

2781 

502 

3901 

3159 

562 

4367 

353*6 

323 

251*0 

203-2 

383 

2977 

241*0 

443 

344*3 

2787 

503 

390*9 

3i6*5 

563 

437*5 

354*3 

324 

251*8 

203*9 

384 

2984 

241-6 

444 

345*1 

2794 

504 

391*7 

3171 

564 

438-3 

3549 

1325 

252*6 

2045 

385 

2992 

242*2 

445 

345*8 

2800 

505 

392*5 

317-8 

565 

439*1 

355*5 

1326 

253*4 

205*I 

386 

3000 

242*9 

446 

3466 

280*6 

506 

393'2 

3184 

566 

439*8 

356*2 

1327 

254*1 

2057 

387 

3008 

243*5 

447 

3474 

2813 

507 

394*o 

3190 

567 

440-6 

3568 

328 

254*9 

206-4 

388 

3015 

2441 

448 

348  2 

2819 

508 

394  8 

319*6 

568 

4414 

3574 

329 

2557 

2070 

389 

3023 

2448 

449 

3490 

2825 

509 

3956 

3203 

569 

442*2 

358-1 

330 

2565 

2076 

390 

3031 

245*4 

450 

3497 

2832 

510 

396-3 

3209 

570 

443*o 

358*7 

331 

2572 

2083 

391 

3039 

2460 

451 

3505 

2838 

511 

397-1 

3216 

571 

4437 

359*3 

332 

2580 

208*9 

392 

3047 

2467 

452 

351-3 

2844 

512 

397-9 

3222 

572 

444*5 

359*9 

333 

2588 

209-5 

393 

3054 

247*3 

458 

3521 

2850 

513 

398*7 

3228 

573 

445*3 

3606 

334 

259*6 

2IO'2 

394 

3062 

247*9 

454 

352-8 

2857 

514 

3994 

3234 

574 

4461 

3612 

335 

2604 

2108 

395 

307*0 

248*5 

455 

353*6 

2863 

515 

400*2 

3241 

575 

446*9 

3618 

336 

2611 

21 1*4 

396 

3078 

2492 

456 

3544 

2869 

516 

401*0 

3247 

576 

447*6 

3624 

337 

261*9 

212*0 

397 

3085 

249*8 

457 

355*2 

2876 

517 

4018 

325*3 

577 

4484 

363*i 

338 

262*7 

212*7 

398 

3093 

2504 

458 

355'9 

2882 

518 

4025 

325*9 

578 

449*2 

363*7 

339 

2635 

2I3-3 

399 

310-1 

251-1 

459 

3567 

2888 

519 

403*3 

3266 

579 

45oo 

364-3 

340 

264*2 

2139 

400 

3109 

2517 

460 

357*5 

2894 

520 

4041 

3272 

580 

450*7 

3650 

341 

2650 

214-6 

401 

311*6 

2523 

461 

358*3 

290-1 

521 

4049 

327'tf 

581 

451*5 

365*6 

342 

2658 

215*2 

402 

312*4 

2529 

462 

3591 

2907 

522 

4057 

3285 

582 

452*3 

366*2 
3669 

343 

266*6 

215-8 

403 

313*2 

253*6 

463 

359*8 

2913 

523 

4064 

3291 

583 

453*1 

344 

2673 

2164 

404 

3i4-o 

254*2 

464 

3606 

292-0 

524 

4072 

3297 

584 

453*9 

3675 

345 

2681 

2I7-I 

405 

3H*8 

254*8 

465 

3614 

292-6 

525 

4080 

3304 

585 

454-6 

368*1 

346 

2689 

2177 

406 

315*5 

255*5 

466 

3622 

2932 

526 

408*8 

3310 

586 

4554 

3688 

347 

2697 

2183 

407 

316-3 

256-1 

467 

3629 

293-8 

527 

409*5 

331*6 

587 

4562 

3694 

348 

270-5 

2190 

408 

317*1 

2567 

468 

3637 

294*5 

528 

4io3 

332*3 

588 

457  0 

3700 

349 

271-2 

2196 

409 

3179 

2573 

469 

3645 

2951 

529 

411-1 

332*9 

589 

4578 

37o-6 

350 

272*0 

220-2 

410 

3186 

2580 

470 

3653 

2957 

530 

41 19 

333*5 

590 

458-5 
4593 

371*3 

351 

2728 

220-8 

411 

3194 

2586 

471 

3660 

2964 

531 

412-6 

334*1 

591 

371*9 

352 

2736 

221*5 

412 

3202 

2592 

472 

366-8 

2970 

532 

4134 

334*8 

592 

460*1 

372*5 

353 

274*3 

222*1 

413 

3210 

2599 

473 

3676 

2976 

533 

414*2 

3354 

593 

46o*9 

3732 

354 

275*1 

222*7 

414 

321-8 

2605 

474 

3684 

298-3 

534 

4150 

336*1 

594 

461*6 

3738 

355 

2759 

2234 

415 

3225 

261-1 

475 

3692 

2989 

535 

415*8 

3367 

595 

4624 

3744 

356 

2767 

224'0 

416 

323*3 

2618 

476 

3699 

299*5 

536 

4165 

337*3 

596 

463-2 

375*1 

357 

277*5 

224*6 

417 

3241 

2624 

477 

37o*7 

3001 

537 

417*3 

3379 

597 

464*0 

3757 

358 

2782 

225*3 

418 

324-9 

2630 

478 

371*5 

3008 

538 

418-1 

338*5 

598 

4648 

376-3 

359 

2790 

225*9 

419 

3256 

2636 

479 

372*3 

3014 

539 

4189 

339*1 

599 

4655 

376-9 

360 

2798 

2265 

D.Lat. 

420 

3264 

2643 

480 

3730 

3020 

540 

4196 

339*8 

600 

4663 

377*6 

Dist]  Dep. 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 
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40°                                                 2k40" 

Dial 

D.Ut 

Dep. 

Ditt 

D.Lat 

Dep. 

Ditt 

D.Lat 

Dep. 

itat. 

D.Lat 

Dep. 

Dist 

D.Lat.j  Dep. 

1 

o-8 

o*6 

61 

46-7 

392 

121 

92-7 

77*8 

181 

138*7 

1x6*3 

241 

1846    154-9 

S 

»*S 

«'S 

62 

47'5 

39*9 

122 

935 

78*4 

182 

139*4 

117*0 

242 

1854 
1861 

155-6 

3 

**3 

»*9 

63 

48-3 

40-5 

123 

94* 

79-1 

183 

140*2 

117*6 

243 

156*2 

4 

3-1 

2*6 

64 

49*0 

411 

124 

95-0 

79*7 

184 

141*0 

118*3 

244 

1 86-9 

156-8 

6 

3-8 

3*» 

66 

49* 

418 

126 

958 
96-5 

80-3 

186 

141-7 

118*9 

245 

187*7 

157*5 

6 

4-6 

3*9 

66 

50*6 

4**4 

126 

8i*o 

186 

1425 

119*6 

246 

188-4 

158-1 

7 

5*4 

4*5 

67 

5i*3 

43*' 

127 

97*3 

81*6 

187 

1433 

I20'2 

247 

189-2 

158*8 

8 

6-1 

5'i 

68 

52-1 

43'7 

128 

98-1 

82*3 

188 

1440 

120*8 

248 

190*0 

159*4 

9 

69 

5'8 

G9 

5**9 

44*4 

129 

98*8 

829 

189 

1448 

121*5 

249 

190*7 

160*1 

10 

7*7 

6-4 

70 

53-6 

45*0 

130 

?9'6 

83-6 

190 

145*5 

122*1 

250 

1915 

160*7 

11 

8-4 

7'i 

71 

54*4 

4I'6 
46-3 

131 

100*4 

842 

191 

146*  3 

122*8 

251 

1923 

161-3 

12 

9-2 

7'7 

72 

55** 

132 

101*1 

84*8 

192 

147*1 

123*4 

252 

193*0 

162-0 

13 

XO*0 

8-4 

73 

55*9 

46-9 

138 

101-9 

8J-5 
86*1 

193 

H7-8 

124*1 

253 

193*8 

1626 

14 

107 

9*0 

74    56-7 

47* 

134 

102*6 

194 

148*6 

124-7 

254 

194-6 

1633 

16 

n-5 

96 

75 

57*5 

48* 

136 

1034 

86*8 

195 

149*4 

1253 

255 

1953 

163*9 

16 

i»3 

10*3 

76 

58-2 

489 

136 

104*2 

87*4 

196 

150*1 

126*0 

256 

196*1 

1646 

17 

13-0 

10*9 

77 

59-0 

49'5 

137 

104*9 

88*1 

197 

150*9 

1266 

257 

196*9 

165*2 

18 

13-8 

11*6 

78 

£5 

50-1 

138 

105*7 

88*7 

198 

I51-7 

127*3 

258 

197*6 

165-8 

19 

146 

12*2 

79 

50*8 

139 

106*5 

89-3 

199 

152*4 

1279 

259 

198*4 

1665 

20 

i5"3 

I2#9 

80 

«i-S 

5i-4 

140 

107*2 

90*0 

200 

153-2 

128*6 

260 

1992 

167*1 

21 

161 

U'5 

81 

62*0 

52-1 

141 

108  *o 

90*6 

201 

154-0 

129*2 

261 

199-9 

167*8 

22 

i6*9 

14*  1 

82 

62-8 

52*7 

142 

108-8 

91-3 

202 

154*7 

129*8 

262 

200*7 

168*4 

23 

17*6 

i4-8 

83 

63*6 

53'4 

143 

109-5 

91-9 

203 

155-5 
156-3 

130*5 

263 

201*5 

169*1 

24 

184 

!ft 

84 

643 

54*0 

144 

no*  3 

92*6 

204 

131*1 

264 

202*2 

1697 

25 

192 

86 

651 

54.6 

146 

IIII 

93*2 

206 

157-0 

131*8 

265 

203*0 

17<>*3 

28 

199 

1 6*7 

86 

659 

55*3 

146 

in*8 

93-8 

906|  157-8 

1324 

266 

203-8 

171*0 

27 

207 

17-4 

87 

66-6 

55*9 

147 

112*6 

94'5 

207 

158-6 

133*1 

267 

204-5 

171-6 

28 

21*4 

x8*o 

88 

67-4 

566 

148 

113*4 

95'  1 

208 

i59'3 

133*7 

268 

205*3 

206*1 

172-3 

29 

22*2 

x8*6 

89 

68-2 

57'* 

149 

1 141 

95-8 

209 

160*1 

1343 

269 

172-9 

80 

23-0 

19-3 

90 

689 

57'9 

160 

114-9 

96*4 

210 

160-9 

1350 

270 

206*8 

173*6 

31 

*3'7 

19-9 

91 

69-7 

58-5 

161 

ii|*7 
xx6*4 

97'  1 

211 

161*6 

13V6 

136-3 

271 

207-6 

174'* 

32 

*4'5 

20*6 

92 

70-5 

59- 1 

162 

97-7 

212 

162-4 

272 

208*4  .  174*8 

33 

20*0 

21*2 

93 

71-2 

8J 

163 

117*2 

98-3 

213 

163-2 

136*0 
137*6 

273 

209-1  1  1755 

34 

21-9 

94 

72*0 

164 

ii8*o 

99*0 

214 

163*9 

274 

209*9  1  176*1 

35 

268 

22*5 

95 

72-8 

611 

166 

1x8-7 

996 

216 

164*7 

138*2 

276 

210*7 

1768 

36 

27*6 

231 

96 

73*5 

6i-7 

166 

1195 

100*3 

216 

165-5 

138*8 

276 

211*4 

177*4 

37 

28-3 

*3'8 

97 

74*3 

62*4 

157 

I20#3 

100*9 

217 

166*2 

139*5 

277 

212*2 

178-1 

38 

29*1 

24-4 

98 

75*> 

63'0 

158 

I21'0 

xoi*6 

218 

167-0 

140*1 

278 

213*0 

178*7 

39 

29*9 

25-1 

99 

75-8 

63*6 

169 

I2X-8 

X02*2 

219 

1678 

140*8 

279 

213*7 

1793 

40 

30*6 

25*7 

100 

766 

64-3 

160 

122*6 

102*8 

220 

168*5 

141-4 

280 

214*5 

180*0 

41 

3>'4 

26*4 

101 

77*4 

64O 

161 

123*3 

103*5 

221 

169-3 

142*1 

281 

215*3 

180*6 

42 

32-2 

27-0 

102 

78-1 

65-6 

662 

162 

124*1 

104*1 

222 

170*1 

142*7 

282 

216*0 

181*3 

43 

329 

27-6 

103 

78-9 

163 

124*9 

104-8 

223 

170*8 

143*3 

283 

2x6*8 

181*9 

44 

33*7 

28*3 

104 

79*7 

66*8 

164 

125*6 

105*4 

224 

171*6 

144-0 

284 

217*6 

182*6 

45 

34'5 

28*9 

106 

80*4 

67-5 

166 

126*4 

xo6-i 

226 

172*4 

144*6 

285 

218*3 

183*2 

46     35-a 

29*0 

106 

81*2 

68-i 

166 

127*2 

106*7 

226 

173*1 

1453 

286 

219*1 

1838 

47 

36*0 

30*2 

107 

82*0 

68-8 

167 

127-9 

107-3 

227 

173-9 

145*9 

287 

219-9 

1845 

48 

36-8 

30-9 

108 

82-7 

694 

168 

128*7 

108*0 

228 

174*7 

146*6 

288 

220'6 

185*1 

49 

37*5 

3i'5 

109 

83-5 

70-1 

169 

1295 

1086 

229 

175-4 
176*2 

147*2 

289 

221*4 

1858 

50 

38-3 

32*1 

110 

84-3 

7o*7 

170 

130*2 

109*3 

230 

147-8 

290 

222*2 

1864 

51 

39- 1 

328 

111 

85-0 

7i*3 

171 

1310 

1099 

231 

177*0 

1485 

291 

222-9 

i8rx 

62 

39'8 

33*4 

112 

85-8 

72*0 

172 

x3x*8 

iio-6 

232 

177*7 

149-1 

292 

223-7 

187-7 

63 

40*6 

34*i 

113 

86*6 

71*6 

173 

X32*5 

111*2 

233 

178-5 

149*8 

293 

2245 

188*3 

64 

41-4 

34*7 

114 

87*3 

73*3 

174 

I33-3 

111*8 

234 

179*3 

150*4 

294 

225*2 

189-0 

66 

42' 1 

35*4 

116 

88*1 

73*9 

175 

134*1 

XI2#5 

236 

180*0 

151*1 

295 

226*0 

1896 

66 

42-9 

3  6*o 

116 

88*9 

74*6 

176 

134*8 

113-1 

236 

180*8 

151*7 

296 

226*7 

1903 

57 

43-7  i  36-6 

117 

896 

75-a 

177 

135-6 

X13-8 

237 

181*6 

1523 

297 

227*5 

190-9 

68 

44*4 

37*3 

118 

90-4 

75-8 

178 

136*4 

1144 

238 

182*3 

1530 

298 

228-3 

191*6 

69 

45** 

37'9 

119 

91-2 

76-5 

179 

137*1 

1 15*  1 

239 

183*1 

153-6 

299 

229*0    191*2 

60    46*0 

386 

120 

919 

77-1 

180 

137*9 

115*7 

240 

1839 

154*3 

300 

229*8 

192*8 

DistJDep. 

D.Lat 

Dist 

Dep. 

D.Lai 

Dist 

Dap. 

D.  Lat- 

Dirt, 

Dep. 

1 

D.  Let. 

Dist 

Dep. 

D.Lat 

50 J                                               3*  2€P 

TABLE  1 

511 

TRAVERSE  TABLE  TO  DEGREE8 

40°                                                        2h  40" 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

801 
802 
303 
304 
305 
306 
307 
808 
309 
310 

230-6 

*3i'3 
232-1 

232-9 

233*6 

2344 
235-2 

8359 
2367 

237'5 

1935 
1941 
1948 

1954 
196*1 

1967 

197*3 
198-0 
1986 
199-3 

361 
362 
368 
364 
365 
366 
367 
368 
369 
370 
371 
872 
373 
874 
875 
376 
377 
378 
379 
380 

276-5 
277-3 
2781 
2788 
279-6 
2804 
281*1 
2819 
282-7 
2834 

232-1 
232*7 

2333 
234*0 

234*6 
235*3 
2359 
2366 
2372 
237*8 

421 
422 
428 
424 
425 
426 
427 
428 
429 
430 

3225 

3233 
3240 
3248 
325*6 
3263 
3271 
327-9 
3286 

3294 

2706 

271*3 
2719 
2726 
273-2 
2738 
274*5 
275*1 
275*8 
2764 

481 

482 
483 
484 
485 
486 
487 
488 
489 
490 

368-5 
3692 
3700 
370*8 
371*5 
372*3 
3731 
3738 
374  6 
375*4 

3092 
3098 
3105 
3111 
3«7 
3124 
3130 
3136 
314-3 
314*9 

315*6 
316-2 
3169 

317*5 
3182 
3188 

3195 
3201 
3208 
3214 

541 
542 
543 
544 
545 
546 
547 
548 
549 
550 

414*4 
415*2 
410*0 
416*7 
417*5 
4183 
4190 
4198 
420*6 
421*3 

3477 
348*4 
349*o 
3497 
350*3 
35*o 
351*6 

352*2 

352*9 
353*5 

311 
313 
313 
314 
315 
316 
317 
318 
319 
320 

2382 
239*0 
239*8 
2405 

241*3 
242*1 
2428 
243*6 
244*4 
2451 

199-9 

2O0'6 
20I  *2 
20I-8 
202*5 
203*1 
2038 

2044 
205*I 
2057 

2842 
2850 
285*7 
2865 

2873 
2880 
2888 
289-6 
2903 
291 -1 

238*5 
2391 

2397 
2404 
241-0 
2417 

242*3 
2430 
2436 
244*3 

431 
432 
433 
434 
435 
436 
437 
438 
439 
440 

3302 
33o*9 
331*7 
3325 
3332 
3340 
334*8 
335*5 
336*3 
337*1 

2771 
2777 
2783 
279-0 
279-6 
280-3 
280-9 
2816 
282*2 
2828 

491 
492 
493 
494 
495 
496 
497 
498 
499 
500 

3761 
376*9 
377*7 
378*4 
379*2 
380-0 
3807 
38i-5 
382-3 
383*0 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 

422-1 
4229 

4236 
4244 
425*2 
425*9 
4267 

4275 
428-2 
4290 

3542 
354*8 

355*5 
356-1 
356* 
3574 
358*o 
3587 
3593 
3600 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 

245*9 
2467 
247*4 
2482 
249-0 
2497 
250*5 
251*3 
252-0 
2528 

206*3 
207*0 
207*6 

2083 
208-9 
2096 
210*2 
2108 
2115 

2I2-I 

381 
382 
383 
384 
385 
SS6 
387 
388 
389 
390 

2919 
2926 
2934 
294*2 
2949 
2957 
296*5 
2972 
2980 
298-8 

244-9 
245*6 
246-2 
2468 

247*5 
248*1 
2488 

249*4 
2501 
2507 

441 
442 
443 
444 

445 
446 
447 
448 
449 
450 

337*8 
338*6 
339*4 
3401 
3409 
341*7 
342*4 
343*2 
344*0 
3447 

2*3*5 
2841 
2848 
285-4 
286-0 
286*7 
287*3 
288*0 
2886 
2893 

501 
502 
503 
504 
505 
506 
507 
508 
509 
510 

3Pi 
3846 

%p 
3861 

3868 

3876 

388*4 
3892 

389*9 
3907 

322-0 
3227 
323*3 
3240 
3246 
325-2 
325*9 
3265 
3271 
327*8 

561 
562 
563 
564 
565 
566 
567 
568 
569 
570 

4298 
430-5 

431*3 
4321 
432  8 
433*6 
434*3 
435*1 
4359 
436*6 

360-6 
3612 
361*9 
3625 
3632 
363*8 
364-5 

365-8 
3664 

331 
382 
833 
334 
335 
336 
387 
338 
839 
340 

253*6 
254*3 
2551 
255*9 
2566 

257-4 
258-2 
2589 
2597 
260-5 

212-8 

213*4 
214*1 

214-7 

2153 
216-0 
2 1 6-6 
217-3 
2179 
2 1 8*6 

391 
392 
893 
394 
395 
396 
397 
398 
399 
400 

299*5 

300*3 

301*1 
3018 
302*6 

303*4 
3041 

3049 
3057 
3064 

25"*3 
2520 
2526 
253*3 
253*9 
2546 
2552 
2558 
256*5 
2571 

451 
452 
458 
454 
455 
456 
457 
458 
459 
460 

345'5 
346*3 
347*0 
347*8 
3486 

349*3 
350-1 
3508 
351-6 
352*4 

2899 
2905 
291*2 
291*8 
2925 

2931 
293*8 
2944 
2950 
2957 

511 
512 
513 
514 
515 
516 
517 
518 
519 
520 

391*5 
392*2 
393*o 
393*8 
394*5 
395*3 
3961 
3968 
397*6 
398*3 

3284 
3291 

3297 
330*4 
3310 
331-6 
3323 
3329 
3336 
334*2 

571 
572 
573 
574 
575 
576 
577 
578 
579 
580 

437*4 
438*2 

438*9 
4397 
440*5 
441*2 
4420 
442*8 
443*5 
4443 

367*0 

3677 

368-3 
3690 
3696 
370-2 
370*9 
371-5 
3722 
372*8 

341 
342 
348 
344 
845 
346 
847 
848 
349 
350 

261*2 
262-0 
262-8 

2635 
2643 
265*  1 
2658 
2666 

2674 
2681 

219*2 
219*8 

220*5 
22I*r 
221-8 
222*4 
223-I 
2237 

2243 

225*0 

401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

307*2 
3080 
3087 

309-5 
3102 
3110 
31 1*8 
3125 

313*3 
3i4*i 

257*8 

2584 
2591 
2597 
2603 
2610 
2616 
2623 
262-9 
2636 

461 
462 
463 
464 
465 
466 
467 
468 
469 
470 

353*1 
353*9 
3547 
355*4 
356-2 
357*o 
3577 
358*5 
359*3 
3600 

2963 
297-0 
2976 
298*3 
2989 

299*5 
3002 
3008 
3015 
3021 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 

399*1 
399*9 
400*6 
4014 
4022 
4029 

4037 
4045 
4052 
4060 

3349 
335*5 
336i 
3368 
337*4 
338i 
338*7 
339*4 
3400 
3406 

581 
582 
583 
584 
585 
586 
587 
588 
589 
590 

4451 
4458 
446*6 

447*4 
448*1 

448*9 
4497 
450*4 
451*2 
4520 

373*5 
374*1 
374*8 
375*4 
376o 

3767 
377*3 
378o 
378*6 
379*2 

851 
352 
358 
354 
355 
356 
357 
358 
359 
360 

2689 
2696 
2704 

27 1*2 

271-9 

272*7 

2735 
2742 
2750 

2758 

225-6 
226*3 
226*9 
227-6 

228*2 

2288 
2295 
2301 
2308 
231*4 

411 
412 
413 
414 
415 
416 
417 
418 
419 
420 

3148 
3156 
3i6*4 
3171 
3179 
3187 
3194 
3202 
321*0 
3217 

264*2 
2648 
2655 
2661 
2668 

267*4 
2681 
268-7 

2693 
2700 

471 
472 
473 
474 
475 
476 
477 
478 
479 
480 

3608 
361-6 
3623 
3631 
3639 
3646 
3654 
3662 

3669 
367-7 

302*8 
303*4 
3040 
3047 
3053 
3060 
3066 
307*3 
307*9 
308*5 

531 
532 
533 
534 
535 
536 
537 
538 
539 
540 

Dist 

4068 

4075 
4083 
409*1 
409*8 
410*6 

411*4 
412*1 

412*9 
4137 

341*3 
341*9 
342*6 
343*2 
343*9 
344*5 
345*2 
345*8 
346*4 
347*1 

591 
592 
593 
594 
595 
596 
597 
598 
599 
600 

4527 
453*5 
454*3 
4550 
4558 
4566 

4573 
458-1 

458-9 
459*6 

379*9 
38o-5 
381*2 
3818 
382-4 
3831 
3837 
3844 
3850 
3857 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.  Lat 

Dist 

Dep. 

D.Lat 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

50°                                                               3h  20m 

612 


TABIJJ  i 


TRAVERSE  TABLE  TO  DEGREES 

41° 

2h44m 

d2 

DXat  Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep, 

Dist  D.Lat 

Dep. 

1 

o-8 

07 

61 

46*0 

40*0 

121 

91-3 

79*4 

181 

136*6  1 1187 

241 

181*9 

158*1 

2 

i"5 

»'3 

62 

46*8 

407 

122 

92- 1 

8o*o 

182 

137*4    "9*4 

242 

1826 

1588 

3 

**3 

2'0 

63 

47-5 

41-3 

123 

92*8 

80*7 

183 

138*1 

120*1 

243 

1834 

159*4 

4 

3*o 

2*6 

64 

48-3 

42*0 

124 

93-6      81-4 

184 

1389 

120*7 

244 

184*1 

160V 

5 

3'8 

33 

66 

49-1 

426 

125 

94*3 

82*0 

186 

139*6 

121*4 

245 

1849 

1607 

6 

4*5 

3*9 

66 

49*8 

433 

126 

951 

8*7 

186 

140*4 

122'0 

246 

1857 

161*4 

7 

5'3 

46 

«7 

50*6 

440 

127 

95*8 

83-3 

187 

141*1 

122*7 

247 

186*4 

162*0 

8 

6o 

5"* 

68 

5>'3 

44« 

128 

96*6 

84*0 

188 

141-9 

123*3 

248 

187-2 

162*7 

• 

6-8      s-9 

69 

52-1 

45*3 

129 

*r4 

846 

189 

142*6 

124*0 

249 

1879 

i6,+ 

10 
11 

7*5      6-6 

70 

52-8 

45*9 

130 

98*1 

853 

190 

>43*4 

124*7 

250 

1887 

l64*0 

8*3 

7-2 

71 

53.6 

466 

131 

98-9 

859 

191 

144*1 

i*5'3 

251 

1894 

I647 

12 

9'" 

7'9 

72 

54*3 

4r» 

132 

99-6 

86-6 

192 

144*9 

126*0 

252 

190*2 

I65.3 

13 

9-8 

8'5 

73 

55'* 

47'9 

133 

100*4 

87*3 

193 

'457 

126-6 

253 

190*9 

166*0 

14 

io*6 

92 

74 

111 

48-5 

134 

ioi-i 

87-9 

194 

1464 

127*3 

264 

1917 

166-6 

16 

ii-j 

9*8 

75 

49-2 

136 

101*9 

88*6 

196 

1472 

1279 

256 

19**5 

167*3 

16 

12*1 

10-5 

7« 

57*4 

499 

136 

102*6 

89-2 

196 

147*9 

1286 

256 

193* 

1680 

17  ,  1*8 

11*2 

77 

58-1 

50-5 

137    103-4 

899 

197 

148*7 

129*2 

257 

1940 

168*6 

18     136 

n-8 

78 

58-9 

512 

138 

104*1 

90*5 

198 

H9-4 

1*9*9 

258 

19V7 

169-3 

19 

«4'3 

I2'5 

79 

59-6 

5r8 

139 

1049 

91*2 

199 

1502 

130*6 

259 

195-5 
196*2 

1699 

20 

15-1 

131 

80 

60-4 

5**  5 

140 

105-7 

91*8 

200 

150*9 

131*2 

260 

170-6 

21 

i5-8 

138 

81 

6i*i 

531 

141 

io6*4 

92*5 

201 

1517 

1319 

261 

197*0 

1712 

22 

i6*6 

144 

82 

61-9 

53-8 

142 

107*2 

932 

202 

152-5 

132*5 

262 

1977 

1719 

23 

1-4 

15-1 

83 

62*6 

545 

143 

1079 

93*8 

203 

1532 

1332 

263 

198-5 

172*5 

24 

181 

15-7 

84 

63.4 

551 

144 

1087 

94'S 

204 

1540 

1338 

264 

1992 

173*2 

25 

i8-9 

16*4 

86 

642 

55-8 

146 

109*4 

95*1 

205 

>S47 

134*5 

265 

200*0 

1739 

26 

19*6 

17*1 

86 

64-9 

564 

146 

IIO*2 

95-8 
96*4 

206 

155-5 

135-1 

266   200*8 

174-5 

27 

20-4    177 

87 

65.7 

57'i 

147 

IIO*9 

207 

1562 

135-8 

267   101*5 

175* 

28 

21*1 

184 

88 

664 

577 

148 

III7 

97-i 

208 

157-0 

1365 

268    202*3 

i7|-8 
176-5 

29 

21'9 

19*0 

89 

67*2 

58*4 

149 

1125 

978 

209 

1577 

137-1 

269 '  203*0 

30 

22*6 

19-7 

90 

67-9 

59-0 

160 

113*2 

98*4 

210 

1585 

137-8 

270   203*8 

177*1 

31 

*3'4 

20*3 

91 

687 

6oa4 

151 

1 140 

99*1 

211 

l|9-2 

160*0 

138*4 

271    *04'5 

177-8 

32 

24*2 

21*0 

92 

69-4 

162 

1 147 

997 

212 

1391 

272 ,  405*3 

1784 

33 

24-9 

216 

93 

70-2 

6ro 

163 

115*5 

100*4 

213 

160-8 

139-7 

273 :  *o6*o 

179*1 

34 

*57 

26-4 

223 

94 

7o-9 

61-7 

164 

1 162 

IOI'O 

214 

161-5 

1404 

274    *o6*8 

179*8 

36 

23-0 

96 

7i'7 

62*3 

165 

117*0 

101*7 

215 

162-3 

141*1 

275 

207*5 

180-4 

36 

27-2 

23*6 

96 

72-5 

63'0 

156 

1 177 

102*3 

216 

163*0 

HI7 

276 

208  •  3 

181*1 

37 

27.9 

*4'3 

97 

73'* 

636 

157 

n8*5 

103*0 

217 

1638 

142*4 

277 

209*1 

1817 

38 

28-7 

249 

98 

74*0 

643 

168 

119*2 

103*7 

218 

i64-5 

143*0 

278 

209*8 

182-4 

39 

294 

256 

20*2 

99 

74*7 

64O 

159 

120*0 

104*3 

219 

;& 

143*7 

279 

210-6 

183*0 

40 

jO'2 

100 

75*5 

656 

160 

120*8 

105*0 

220 

144-3 

280 

211*3 

1837 

41 

309 

26*9 

101 

76-2 

66-3 

161 

1215 

105*6 

221 

1668 

145*0 

281 

212*1 

1844 

42 

31-7 

27-2 

102 

77*o 

66-9 

162 

122*3 

106*3 

222 

1675 

145*6 

282 

21**8 

185*0 

43 

34*5 

28-2 

103 

77*7 

67*6 

163 

123*0 

106*9 

223 

1683 

1463 

283 

213*6 

1857 

44 

33** 

28*9 

104 

78-5 

68-2 

164 

123-8 

107*6 

224 

169*1 

147*0 

284 

214*3 

186.3 

46 

34-0    29- 5 

106 

79.1 

689 

165 

124*5 

io8*2 

226 

169*8 

147-6 

286 

2151 

187-0 

46 

347    30-2 

106 

80*0 

69-5 

166 

125*3 

108*9 

226 

170-6 

148*3 

286 

215-8 

1876 

47 

35-5    30-8 

107 

8o*8 

70*2 

167 

120*0 

109*0 

227 

171*3 

1489 

287   *i*'6 

1883 

48 

36-2    31-5 

108 

Si-s 

7©*9 

168 

126*8 

110*2 

228 

172*1 

149-6 

288   217-4 

188*9 

49 

37*o 

32- 1 

109 

82-3 

71*5 

169 

127*5 

110*9 

229 

172-8 

150*2 

289 

218*1 

189-6 

60 

377 

32-8 

110 

83*0 

72'2 

170 

128*3 

1115 

230 

173-6 

150-9 

290 

218*9 

1903 

61 

38*5 

33*5 

111 

83-8 

72-8 

171 

129- 1 

112*2 

231 

174*3 

151*5 

291 

219*6 

1900 
191*6 

62 

39*2 

34*' 

112 

84*5 

73*5 

172 

129*8 

112*8 

232 

175-1 

152*2 

292 

220*4 

63 

40*0 

34*8 

113 

85-3 

74«i 

173 

130-6 

1135 

233 

175-8 

152-9 

293 

221-1 

192*2 

64 

40*8 

35*4 

114 

86*o 

74-8 

174 

131*3 

114*2 

234 

176-6 

153-5 

294 

221*0 

192-9 

65 

41*5 

36*1 

115 

86*8 

7!'4 

76-1 

175 

132*1 

114-8 

236 

177-4 

154*2 

295 

222*6 

1935 

56 

4**3 

36-7 

116 

87-5 

176 

132*8 

115*5 

236 

178*1 

154*8 

296 

223*4 

194* 

57 

43'°  •  37'4 

117 

88-3 

76-8 

177    133-6 

1 1 6- 1 

237 

178*9 

155-5 

297 

224*1 

194-8 

68 

43*8    38*1 

118 

89*1 

77'4 

178 

134*3 

u6-8 

238 

179*6 

156-1 

298 

224*9 

195*5 

59    44*5  1  3**7 

119 

89*8 

78-i 

179 

1351 

117-4 

239 

1804 

1568 

299 

225-7 

196*2 

•0  ,  45*3  J  39*4 

120 

90*6 

78-7 

180 

135-8 

118*1 

240 

181*1 

157*5 

300 1  226*4 

196-8 

Dift  Dcp.p.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat 

49°                                                 3h  16m 

TABLE  1 

51S 

TRAVERSE  TABLE  TO  DEGREES 

41°                                                       2*  44* 

Dial. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dut 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat 

Dep. 

301 

227*2 

1975 

362 

272*5 

2369 

421 

3177 

276*2 

481 

363t> 

315-6 

541 

4083 

354-9 

802 

2279 

f*2l 

362 

2732 

2375 

422 

318-5 

2769 

482 

363*8 

3162 

542 

4090 

3556 

303 

2287 

198* 

363 

2740 

2382 

423 

319-2 

2775 

483 

3645 

3169 

543 

4098 

356  2 

304 

«29'4 

199-4 

364 

274  7 

238-8 

424 

3200 

378*2 

484 

3653 

317-5 

544 

4106 

356-9 

305 

2302 

200- 1 

365 

2755 

2395 

425 

3208 

2788 

485 

32° 

3182 

545 

411*3 

357*5 

306 

2309 

2008 

366 

2762 

240*1 

426 

3215 

279*5 

486 

3668 

3188 

546 

412  1 

358  2 

307 

*3i*7 

201-4 

367 

2770 

2408 

427 

3223 

2801 

487 

3675 

3195 

547 

4128 

3588 

308 

2325 

2021 

36* 

2777 

2414 

428 

323*0 

2808 

488 

368-3 

3201 

548 

413*6 

359  5 

309 

2332 

2027 

369 

2785 

242- 1 

429 

3238 

28  r  5 

489 

369*0 

3208 

549 

4143 

3602 

310 

2340 

2034 

370 

2792 

242  7 

430 

3245 

282- 1 
282^ 

490 
491 

369*8 
3700 

3215 
322  1 

550 

4151 

3608 
3615 

311 

2347 

2040 

371 

280-0 

243*4 

431 

325  3 

551 

-4'5*8 

312 

^35*5 

2047 

372 

2808 

244-t 

432 

3260 

2834 

492 

371*3 

3228 

552 

416-6 

3621 

313 

2362 

2054 

373 

28 15 

2447 

433 

3268 

284-1 

493 

3721 

3234 

553 

417*3 

3628 

814 

2370 

2060 

374 

2823 

2454 

434 

3275 

2847 

494 

3728 

3241 

554 

418-1 

363'4 

815 

2377 

2067 

375 

2830 

2460 

435 

3283 

2854 

495 

3736 

3247 

555 

4189 

3641 

31* 

2385 

2073 

376 

2838 

2467 

436 

3291 

2860 

196 

374*3 

3254 

556 

4196 

3648 

317 

2392 

2080 

377 

2845 

2473 

437 

3298 

2867 

497 

375*1 

3260 

557 

4204 

365  4 

818 

2400 

2086 

378 

2853 

2480 

438 

330-6 

2S74 

498 

375*8 

3267 

558 

4211 

3661 

319 

2408 

2093 

379 

2860 

2487 

439 

33i#3 

2880 

499 

3706 

327  4 

559 

4219 

366*7 

320 

2415 

2099 

380 

2868 

249  3 

440 

3321 

2887 

500 

3773 

3280 

560 

4226 
423*4 

3674 
3680 

321 

242J 

2106 

381 

2cZ5 

2500 

441 

3328 

2893 

501 

37*1 

3287 

561 

322 

2430 

211  3 

382 

2883 

2506 

442 

333  6 

2900 

502 

3789 

3293 

562 

4241 

368*7 

323 

243*8 

211  9 

383 

2891 

2513 

443 

334*3 

2906 

503 

3796 

3300 

563 

424  9 

3694 

321 

2445 

2I2'6 

384 

2898 

2519 

444 

335  1 

291*3 

504 

3804 

3306 

564 

425  7 

370*0 

325 

2453 

213  2 

385 

2906 

2526 

445 

335'8 

2920 

505 

3811 

3313 

565 

4264 

3707 

326 

2460 

2139 

386 

291  3 

253  3 

446 

3*6  6 

2926 

506 

381*9 

332o 

566 

4272 

3713 

327 

2468 

2145 

387 

292*1 

253  9 

447 

337-4 

2933 

507 

3826 

3326 

567 

4279 

372o 

328 

247*5 

2152 

383 

2928 

2546 

448 

338-1 

293*9 

508 

3834 

3333 

568 

4287 

372-6 

329 

2483 

2159 

389 

2936 

2552 

449 

338  9 

2946 

509 

3841 

333  9 

569 

4294 

373*3 

330 
331 

249-1 
249-$" 

2165 
2172 

390 
391 

2943 
2951 

2559 

450 

339*6 
34^4 

2952 

510 
511 

3849 
385  7 

334* 
3352 

570 
571 

4309 

374  0 
3746 

2565 

451 

2959 

332 

2506 

2178 

392 

2958 

2572 

452 

3411 

2955 

512 

386*4 

3359 

572 

4317 

375*3 

333 

2513 

2185 

393 

2966 

257  8 

453 

341*9 

297*2 

513 

3872 

3365 

573 

432  4 

375  9 
376-6 

334 

252*1 

219  I 

394 

2974 

2585 

454 

3426 

2979 

514 

3879 

337*2 

574 

433*2 

335 

252*8 

2198 

395 

2981 

2592 

455 

3434 

298-5 

515 

3»7 

3379 

575 

4340 

377*2 

336 

2536 

2204 

396 

2989 

259  8 

456 

344  1 

2992 

516 

3894 

338  5 

576 

4347 

377*9 

337 

«54  3 

221  I 

397  i  2996 

260*5 

457 

3449 

2998 

517 

3902 

339*2 

577 

435*5 

3785 

338 

2551 

221*8 

39  S!  3004 

261  I 

458 

3457 

3005 

518 

3909 

339*8 

578 

4362 

379*2 

339 

255*8 

222*4 

399 

301  1 

26  IS 

459 

3464 

3011 

519 

3917 

340  5 

579 

4370 

3798 

340 

2566 

2231 

400 

3019 

2624 

460 

3472 

3018 

520 

3924 

341  1 

580 

4377 

-2521 

3*1 

257*4 

2237 

401 

3026 

263- 1 

461" 

3479 

3025 

52 1 

393*2 

34T* 

581 

4385 

IS12 

342 

2581 

2244 

402 

3034 

2637 

462 

348  7 

3031 

522 

394o 

3425 

582 

4392 

3818 

343 

2589 

2250 

403 

3°4'» 

2644 

463 

349*4 

3038 

523 

3947 

343  1 

583 

44°*o 

3825 

344 

2596 

225-7 

404 

3049 

265- 1 

464 

350*2 

3044 

524 

395  5 

343*8 

584 

4407 

3832 

345 

260-4 

226*3 

405 

3057 

2657 

465 

35<>9 

3051 

525 

3962 

344*4 

585 

441*5 

3838 

346 

261  1 

227  0 

406 

3064 

266*4 

466 

351-7 

3057 

526 

397o 

345*1 

586 

4423 

3845 

347 

26 19 

2277 

407 

3072 

2670 

467 

3525 

3064 

527 

3977 

3457 

587 

443*o 

385' 

348 

2626 

2283 

408 

3079 

2677 

468 

353*2 

3070 

528 

3985 

346*4 

588 

4438 

385  8 

349 

2634 

229'0 

109 

3087 

26*3 

469 

3540 

3077 

529 

3992 

347*o 

589 

444  5 

3864 

350 
351 

264*2 

229*6 
2303 

410 
411 

3094 
3102 

2690 

470 

3547 

3084 

530 

4000 

3477 

590 
591 

4460 

3871 
387  7 

264*9 

2696 

471 

3555 

3090 

531 

4007 

3484 

352 

2637 

2309 

412 

3109 

2703 

472 

356  2 

3097 

532 

4015 

3490 

592 

4468 

3884 

353 

266-4 

2316 

413 

3"7 

2710 

473 

357  0 

3103 

533 

402-2 

3497 

593 

447*5 

3891 

354 

2$7'2 

232*3 

414 

312-5 

2716 

474 

3577 

3110 

534 

403*0 

350'3 

594 

4483 

389  7 

355 

2679 

2329 

415 

313-2 

2723 

475 

3585 

3116 

535 

4038 

3510 

595 

449*1 

3904 

356 

2687 

233*6 

416 

3«4-o 

2729 

476 

359*2 

312  3 

536 

404*5 

351-6 

596 

449  8 

39io 

857 

2694 

234*2 

417 

314  7 

2736 

477 

3600 

3129 

537 

4053 

3523 

597 

4506 

3917 

358 

2702 

2349 

418 

3155 

2742 

478 

3608 

313*6 

538 

406*0 

3529 

598 

451*3 

3923 

359 

2709 

2355 

4V> 

3162 

274*9 

479 

36«-5 

314-3 

539 

406-8 

353*6 

599 

4521 

393*0 

860 

2717 

2362 

420 

3170 

2756 

480 

362*3 

3149 

540 

407  5 

35*3 

600 

452*8 

3936 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Disl 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

49°                                                    3* 

lfln 

LL 


614 


TABLE  1 


-M^V< 

TRAVERSE  TABLE  TO  DEGREES 

42°                                                2*48- 

Oiit 

D.Lm  Dep. 

Diet 

D.Lat. 

Dep. 

Dim. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

bist 

D.Lt*. 

Dep. 

1 

o*7 

o«7 

61 

45*3 

40*8 

121 

89*9 

8i*o 

181 

134*5 

121*1 

241 

1791 

161-3 

s 

i*5 

1*3 

62 

461 

4i*5 

122 

9o*7 

816 

182 

135*3 

121-8 

242 

17Jl 

161*9 
161*6 

i 

i*i 

I'O 

.63 

46*8 

42*2 

123 

91-4 

82-3 

183 

136*0 

122-5 

243 

i8o*6 

4 

3*o 

2*7 

64 

47*6 

4**8 

124 

92- 1 

83*0 

184 

136*7 

123*1 

244 

1813 

1*3*3 

ft 

3'7 

3*3 

65 

4**3 

43*5 

125 

92-9 

83*6 

185 

137*5 

123*8 

245 

182-1 

1639 

6 

4*5 

4*0 

66 

49'° 

44** 

126 

936 

843 

186 

138*? 

124-5 

246 

182*8 

164-6 

7 

5*i 

4*7 

67 

49*8 

44*8 

127 

94*4 

850 

187 

139c 

1251 

247 

183-6 

1653 

8 

I'9 

5*4 

68 

5°"5 

45*5 

128 

95*  1 

856 

188 

139/ 

1258 

248 

1843 

"If? 

o 

6*o 

68 

5r3 

46-2 

129 

95*9 

86-3 

180 

1405 

126-5 

249 

185-0 

166-6 

to 

7*4 

6'7 

70 

52-0 

468 

130 

96*6 

87*0 

190 

141*2 

127*1 

250 

185*8 

167-3 

n 

8*2 

t«^ 

71 

51-8 

47*5 

131 

974 

«7*7 

l!M 

1419 

127*8 

251 

1865 

168*0 

12 

*'9 

80 

72 

53*5 

48-2 

132 

98*1 

883 

192 

142*7 

1285 

262 

i87*3 

168*6 

18 

9*7 

8-7 

73 

54** 

488 

133 

988 

89*0 

193 

143*4 

129*  1 

258 

188-0 

169-3 

14 

10*4 

9*4 

74 

55° 

49*5 

134 

996 

897 

194 

144* 

1298 

254 

i88*8 

170*0 

15 

in 

io*o 

75 

55*7 

502 

135 

1003 

903 

195 

1449 

130*5 

255 

189-5 

170-6 

16 

ii'9 

10*7 

76 

56*5 

5<>*9 

136 

lOI'I 

910 

196 

145*7 

131*1 

256 

1902 

171-3 

17 

ii-6 

11*4 

77 

57'* 

5»*5 

137 

ior8 

917 

197 

1464 

131-8 

257 

191*0 

172-0 

18 

13*4 

I2*0 

78 

580 

522 

138 

102*6 

9*3 

198 

147*  1 

1325 

258 

i9i-7 

172-6 

19 

H"> 

12*7 

78 

587 

5*9 

139 

1033 

93-0 

199 

147*9 

133* 

259 

192*  5 

173*3 

20 

H'J 

13*4. 

80 

59*5 

53*5 

54*  * 

140 
141 

104*0 

93*7 

200 

148-6 

1338 

260 

193"*     174C 

21 

156 

14-1 

81 

602 

104*8 

94*3 

201 

■49*4 

134-5 

261 

1940 

1746 

22 

i6-3 

>4'7 

82 

609 

54*9 

142 

">5*5 

950 

202 

150*1 

135* 

262 

194-7 

175*3 

23 

17*1 

'5*4 

83 

61*7 

555 

143 

106*3 

JK 

203 

1509 

135*8 

268 

195*4 

176-0 

24 

i7*8 

16* 

84 

62*4 

562 

144 

107*0 

204 

151*6 

1365 

264 

196*2 

176*7 

26 

186 

167 

85 

632 

56*9 

145 

1078 

97*0 

206 

15*3 

137-2 

265 

1969 

177-3 

26 

'9*3 

'7*4 

86 

63-9 

57*5 

146 

108' 5 

97*7 

206 

153*1 

137*8 

266 

1977 

178*0 

tv 

lO'I 

18' 1 

87 

64*7 

58-2 

147 

109*2 

984 

207*  1538 

1385 

267 

'984 

178*7 

28 

20*8 

187 

88 

*5*4 

589 

148 

110*0 

99-0 

208    1546    139** 

268 

199*2 

179-3 

*•* 

zi-6 

'9*4 

89 

66- 1 

59- 6 

148    no-7 

997 

2*»    i55*3|  139*8 

269 

1999 

180*0 

30  J  22*3 

20"I 

90 

669 

60*2 

150,  in'5 

1004 

210    156-11140-5 

270 

200*6 

180*7 

31 

23  o 

20-7 

91 

676 

60*9 

151 

112*2 

101*0 

211 

156*8 ;  141** 

271 

20 1-4 

181*3 

82 

2J-8 

21*4 

92 

68-4 

6r6 

152 

1 1 3*0 

101*7 

212 

157*5 

141-9 

272 

202-1 

182*0 

89 

24*5  |22'I 

93 

69*1 

622 

153 

113*7 

ioa*4 

213 

158-3 

142-5 

273 

202*9 

181*7 

84 

1<*1      11*8 

94 

69-9 

62*9 

154 

114*4 

103-0 

214 

159-0 

143-2 

274 

203-6 

1833 

85    i6*o 

*3*4 

95 

70*0 

636 

155 

115*1 

103*7 

215 

1598 

i43'9 

275 

204*4    l84*° 

38 

26*8 

24-1 

96 

7i#3 

642 

156 

1159 

104-4 

216 

160*5 

144*5 

276 

205*1    184-7 

87 

27*5 

24-8 

97 

72*  1 

64-9 

157 

116-7 

105*1 

217 

161-3 

145-2 

277 

205-9 

185*3 

88 

282 

W, 

98 

72-8 

65-6 

158 

117-4 

105-7 

218 

162*0 

H5-9 
146-5 

278 

206-6 

i860 

311 

29*0 

99 

73-6 

66-2 

169 

118-2 

106*4 

219 

162-7 

279 

207- 3 

186-7 

40 

19-7 

268 

100 

74*3 

669 

160 

1189 

107-1 

220 

1635 

147-2 

280 

208-1 

187*4 

41 

30*5 

27-4 

101 

75*1 

676 

161 

1196 

107*7 

221 

164*2 

1479 

281 

2088 

188-0 

42 

31*2 

28- 1 

102 

75*8 

68-3 

162 

120-4 

108*4 

222 

165*0 

«48-5 

282 

209-6 

188*7 

43 

3**o 

28*8 

103 

76-5 

68-9 

163 

121*1 

1091 

223 

165*7 

149-2 

283 

no*  3  *  189-4 

44 

32-7 

*9*4 

104 

77*3 

69*6 

164 

1219 

109-7 

224 

1665 

149*9 

284 

211-1      100*0 

45 

33*4 

30-1 

105 

78*0 

70'3 

166 

122*6 

110*4 

225!  1672 

150*6 

285 

211*8 

190*7 

40 

34'* 

30-8 

106 

78-8 

70-9 

166 

"3*4 

111*1 

226  |  1680 

151*2 

286 

212*5 

191-4 

47 

34*9 

3 1#4 

107 

79*5 

7i-6 

167 

124*  1 

ni'7 

227 

1687 

i5i*9 

287 

*i3'3 

192*0 

48 

35*7 

3*'i 

108 

80*3 

7»-3 

168 

1248 

1124 

228 

169-4 

1526 

288 

214*0 

19**7 

49 

364 

3»'8 

109 

8ro 

72-9 

169 

1256 

113-1 

229 

170-2 

153* 

288 

214*8 

193*4 

56 

37-2 

33*? 

no 

817 

736 

170 

126*3 

1138 

230 

170*9 

153*9 

290 

215*5 

1940 

51 

37*9 

34*  * 

111 

82*5 

74*3 

171 

127*1 

1144 

231 

171*7 

1546 

291 

216*3 

194*7 

52 

386 

34*8 

112 

832 

74*9 

172 

127-8 

1151 

232 

1724 

155* 

292 

117*0 

195*4 

58 

394 

35*5 

113 

84*0 

7S'6 

173 

128*6 

115-8 

233 

173** 

155*9 

293 

217-7 

1961 

54 

40*1 

j6-I 

114 

»4*7 

76-3 

174 

"9*3 

ii6*4 

234 

173*9 

156*6 

294 

2185 

1967 

55 

409 

368 

115 

«5*5 

77*o 

175 

1301 

117-1 

235 

174-6 

157*2 

295 

219*2 

197-4 

56 

416 

37*5 

116 

86*2 

77*6 

I7« 

130-8 

117*8 

236 

175*4 

,5Z'2 

296 

220*0 

198*] 

67 

4**4 

38-1 

117 

869 

78*3 

177 

1315 

n8*4 

237 

176-1 

i58-6 

297 

220*7 

198-7 

58 

43*  * 

388 

118 

«7*7 

79-0 

I7M 

1323 

119*1 

238 

176-9 

159*3 

298 

221*5 

199-4 

58 

4V8 

39*5 

119 

88*4 

79-6 

179 

133-0 

119*8 

239 

1776 

159? 

299 

222*2 

200-1 

60    44-6 

40-1 

120 

89*2 

80*3 

180 

133*8 

120*4 

240 

178-4 

160*6 

300 

222*9 

200*7 

DisL  Dep. 

D.Lm 

Dial. 

Dep. 

D.Lat 

DietJ  Dep. 

D.  Ut 

1)1**4    Df>p. 

D.Lat 

Dint 

Dep.  iD.Let. 

1 

4 

8° 

3* 

|*jm 

TABLE 

1 

MS 

TRAVERSE  TABLE  TO  DEGREES 

42°                                                  2*  48» 

D»L 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

301 

2237 

2014 

361 

2683 

241*6 

421 

312*9 

2817 

481 

357*5 

3*19 

541 

4021 

362-0 

302 

2244 

202-1 

362 

2690 

2422 

422 

3'3  6 

2824 

482 

358*2 

3225 

542 

4028 

3627 

aoa 

225*2 

202*8 

363 

569*8 

2429 

423 

3«44 

2830 

483 

358*9 

323*2 

543 

403*5 

3633 

304 

225*9 

2034 

364 

2705 

2436 

424 

315*1 

283*7 

484 

3597 

323  9 

544 

4043 

3640 

305 

226*6 

204'I 

365 

271*2 

2442 

425 

315-8 

2844 

485 

3604 

3246 

545 

405*0 

3647 

306 

227*4 

2048 

366 

2720 

244*9 

426 

3166 

2851 

486 

3612 

3252 

546 

405*8 

3654 

307 

2281 

205*4 

367 

2727 

2456 

427 

3 17*3 

2857 

487 

3619 

3259 

547 

4065 

3600 

308 

228*9 

206  I 

368 

2735 

246-2 

428 

318-1 

2864 

488 

3627 

3266 

54? 

407*2 

3667 

309 

229*6 

2068 

369 

2742 

246*9 

429 

3188 

287  1 

489 

3*34 

3272 

549 

4080 

3674 

310 
311 

_f_3?4 
231"  1 

2074 

20*1 

370 
371 

275*0 
2757 

2476 
24*3 

430 

3«9* 

2877 

490 
491 

3-54*  1 
3649 

3279 

650 

4087 
4095 

3680 

411 

320*3 

288-4 

3286 

551 

36*7 

812 

2319 

2088 

372 

2765 

248*9 

432 

321*0 

2891 

492 

365  6 

3292 

552 

4102 

3694 

318 

2326 

2094 

373 

2772 

249  6 

433 

3218 

2897 

493 

3664 

3299 

553 

411*0 

3700 

314 

2333 

210- 1 

374 

2779 

2503 

434 

3225 

2904 

494 

3671 

3306 

554 

41 1*7 

3707 

315 

2341 

210-8 

375 

2787 

250*9 

435 

WZ 

291*1 

495 

307*9 

3313 

555 

4124 

3714 

316 

234*8 

2115 

376 

2794 

251*6 

436 

3240 

2917 

496 

368*6 

3319 

556 

413*2 

3720 

317 

235*6 

2121 

377 

2802 

2523 

437 

3248 

2924 

497 

369*3 

332*5 

557 

4139 

3727 

318 

2363 

212-8 

378 

2809 

2529 

438 

3255 

2931 

496 

3701 

3333 

558 

414  7 

3734 

319 

237*  1 

2135 

379 

2817 

253  6 

439 

3262 

293*8 

499 

3, 08 

333  9 

559 

4154 

374*1 

320 
321 

237S 
2386 

214*1 

"2T48 

380 

"381 

2824 
283-1 

254-3 

440 

3270 

2944 

500 
501 

37  "*6 

372*3 

334*6 

560 

4162 
416*9 

3747 
3754 

254  9 

441 

3277 

2951 

335*3 

561 

322 

239*3 

2155 

382 

2839 

255*5 

442 

3285 

295*8 

502 

373*1 

335*9 

562 

417-6 

376*1 

323 

240*0 

2l6'I 

383 

284-6 

2563 

443 

3292 

296*4 

503 

373*8 

336*6 

563 

4184 

3767 

324 

2408 

2168 

3*4 

2854 

2570 

444 

330*0 

297*1 

504 

374*5 

3372 

564 

4191 

377  4 

325 

2415 

2175 

385 

2861 

257*6 

445 

3307 

2978 

505 

375*3 

337*9 

565 

419*9 

378i 

326 

2423 

218  1 

386 

2869 

2583 

446 

331-4 

2984 

506 

376o 

338*6 

566 

420*6 

3787 

827 

2430 

2188 

387 

2876 

2590 

447 

332*2 

2991 

507 

376*8 

339*3 

567 

4214 

3794 

328 

2438 

2195 

388 

2883 

2596 

448 

332  9 

29^8 

508 

377*5 
378  3 

339*9 

568 

422*1 

380*1 

329 

2445 

2201 

389 

2891 

2603 

449 

333  7 

3004 

509 

3406 

569 

4228 

3807 

330 

2452 

220*8 

390 
391 

2898 

261-0 

450 

3344 
3352 

301  1 
3018 

510 
511 

379o 
3797 

341*3 
341*9 

570 
571 

4236 

381*4 

331 

246*0 

22 1  5 

2906 

2616 

4.>1 

424*3 

3821 

332 

2467 

222*2 

392 

2913 

2623 

452 

3359 

3025 

512 

3805 

342'6 

572 

425  1 

3828 

333 

247  5 

222  8 

393 

292- 1 

2630 

453 

3366 

3031 

513 

3812 

343*3 

573 

4258 

3834 

334 

2482 

223*5 

394 

292*8 

2636 

454 

3374 

3038 

514 

3820 

343  9 

574 

426*6 

3841 

335 

2490    2242 

395 

2935 

2643 

4:>5 

3381 

3045 

515 

3827 

3446 

575 

427*3 

3848 

336 

249  7    2248 

396 

2943 

265*0 

456 

338*9 

305- 1 

516 

3835 

3453 

576 

4280 

3*14 

337 

2504;  2255 

397 

2950 

2657 

457 

339*6 

3058 

517 

3842 

346o 

577 

4288 

3861 

338 

2512  ,   226*2 

398 

2958 

2663 

458 

3404 

3065 

518 

3849 

346*6 

578 

429*5 

3868 

339 

2519  |  226*8 

399 

2965 

2670 

459 

34i  1 

3071 

519 

3857 

347  3 

579 

4303 

3874 

340 
841 

2527     2275 
253-4     228*2 

400 
401 

2973 
298*0 

2077 

460 

341-8 

3078 
"3085 

520 
52  f 

3864 
3872" 

3480 

580 

4310 
43«*8 

3881 
"3888 

2683 

461 

342*6 

3486 

581 

342 

2542     228  8 

402 

2987 

2690 

462 

3433 

3091 

522 

3879 

349*3 

582 

432  5 

3894 

843 

254  9  J   2295 

403 

2995 

2697 

463 

3441 

3098 

523 

3887 

3500 

583 

4332 

3901 

844 

255  6j   230*2 

404 

3002 

2703 

464 

3448 

3«o*5 

524 

3894 

3506 

584 

434-0 

3908 

345 

256-4,    2309 

405 

3010 

2710 

465 

345-6 

3*1*2 

525 

390  1 

351*3 

585 

434  7 

3914 

34G 

257*1 

2315 

406  i  3017 

2717 

466 

346*3 

3118 

526 

3909 

3520 

586 

4355 

3921 

347 

2579 

2322 

407  I  302*5 

2723 

467 

347o 

3i2'5 

527 

3916 

352*6 

587     4362 

3928 

348 

2586 

2^2  9 

408     3032 

2730 

468 

347*8 

3132 

52$ 

392  4 

353*3 

588 

437*> 

393*4 

349 

259*4 

233  5 

409     303  9 

2737 

469 

348-5 

3138 

529 

393*1 

354*0 

589 

437  7 

3941 

350 

260  1 

2342 

410  |  3047 

274*3 

470 

349*3 

314*5 

530     3939 

354*6 

590 

438*4 

3948 

851' 

2608 

'2349 

411 

305-4 

2750 

471 

3500 1  3152 

531  |  3946 

3553 

59  f 

439*2 

3954 

352 

2616 

2355 

412 

3062 

2757 

472 

350*8  !  3158 

W2     395*3 

350-O 

592 

4400 

39*J 

353 

2623 

2363 

413 

3069 

276*4 

473 

35i  5    3i6-5 

533  '  396*  I 

3566 

593     4407 

396  8 

354 

2631 

2369 

414 

3077 

2770 

474 

3523 

3«7  2 

534 

3968 

357*3 

594 

4414 

3975 

355 

2638 

2375 

415 

308*4 

2777 

475 

353*0 

317-8 

535 

397  6 

358o 

595 

442*2 

398i 

356 

2646 

2382 

416 

3091 

2784 

476 

3537 

3i*'5 

536 

398*3 

358*6 

596 

4429 

398*8 

357 

2653 

2389 

417 

309*9 

2790 

477 

354*5 

3«9  2 

537     3991 

3593 

597 

4437 

3995 

358 

2660 

2396 

418 

3106 

2797 

478 

355*2 

319  9 

538     3998 

3600 

598 

444*4 

4001 

359 

2668 

240'2 

419 

3»4 

2804 

479 

356o 

3*>5 

539 

400-6 

3606 

599  ;  445*2 

4008 

360 
Dist 

2675 

2409 

D.  Lar. 

420 

312*1 

2810 

480 

35*5*7 

32 1*2 

540 

4013 

3613 

600 
Dist. 

445*9 

4015 

Dep. 

Dt?p. 

D.  Lat  Dist 
1 

Dep.   D.Lat. 

DUt 

Dep. 

1).  Lat. 

Dep. 

D.  Lat. 
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12m 
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DistJD.Ut 

Dtp. 

Dist|D.  Lat 

Dep. 

Dist. 

D.  Lai. 

Dep. 

Dist. 

D.Lst 

Dep. 

Disr. 

D.Lat. 

Dep. 

1 
«* 

3 

4 
6 
6 

7 

8 

0 

10 

e*7 

2*2 
2*9 

3*7 
4*4 
5*" 
5'9 
6*6 

7'3 

07 
1*4 

2*0 
2#7 

3*4 
4*> 
4*8 

5*5 
61 

6-8 

61 
63 
63 
64 
65 
66 
67 
68 
60 
JOJ 

***'6 

45'3 
461 
468 
47*5 
4'-3 
490 

49*7 
50-5 
512 

416 

4*3 
430 
436 
443 
45o 
45*7 
464 
47*' 
47*7 

131 
122 
133 
124 
135 
126 
127 
138 
139 
130 

88- 5 
89*2 
90-0 
907 

91*4 
922 
92-9 
936 

94*3 
9S*i 

82*5 
83* 
839 
84*6 

85* 
859 
86-6 

87-3 
88-o 
S87 

181 
182 
183 
164 
185 
186 
l«7 
166 
189 
I9<) 

132*4 
133*1 
133-8 
134-6 

'35'3 
136*0 
1368 

137-5 
1382 
139-0 

123*4 

124*  1 
124*8 

125*5 
126*2 
126*9 

127-5 

128*2 
128*9 
129*6 

241 
242 
243 
244 
245 
•J4« 
247 
248 
249 
350 

176*3 
177-0 
1777 
178-5 
179'* 

180-6 
i8,-4 
182*1 
182*8 

1644 
165-0 

165*7 
166-4 
167-1 
1678 
168-5 
169-1 
169-8 
170-5 

II 
IS 
13 
14 
15 
If 
.7 
18 
19 
30 

So 
88 
9*5 

IO*2 

n*o 
117 
ii-4 
132 
i3*9 
14*6 

7*5 

8*2 

8-9 
9*5 

IO*2 
IO*9 
11*6 
12*3 
13-0 
I3«6 

71 
73 

73 

74 

75 
76 
77 
78 
70 
60 

51-9 

5*'7 
53*4 
54'  1 
54*9 
55*6 
56-3 
57'o 
57*8 
5*5 

4«-4 
49*  > 
498 
50-5 
511 
518 
5**5 
53* 
539 
54*6 

131 
132 
133 
184 
135 
136 
137 
136 
130 
140 

958 
96- 5 

97*3 
98  0 
987 
99*5 

ICO*2 
ICO*  9 
IOI7 

102*4 

89*3 
90-0 
907 
91-4 
92- 1 
92-8 
93*4 
94*  1 
94-8 

95*5 

191 
192 
193 
194 
195 
196 
197 
198 
199 
300 

-39*7 
i4c-4 
141-2 
141-9 
142-6 

143*3 
144-1 

1448 

'45-5 
1463 

130- J 
I30*9 
131-6 
132*3 
I33O 

133*7 
>34*4 
135*0 

>35"7 
136*4 

251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

1836 

1843 
185-0 
1858 
,86.5 
1872 
188*0 
1887 
189*4 
1902 

1712 
171*9 
172-5 

173* 
1739 
174*6 

175-3 
1760 
176-6 

177*3 

St 

22 
S3 
34 

35 
36 
37 
38 
29 
30 

15'4 
l6i 
i6-8 
i7-6 
183 
19*0 
19-7 
20*5 
21-2 

21-9 

»43 
150 

17-0 
17-7 
1 8 -4 
19- 1 
198 
20*5 

81 
83 
83 
84 
85 
86 
87 
88 
89 
90 

3o*o 
607 
614 
622 
62*9 
636 
644 

658 

55* 
559 
56*6 

57*3 
58-0 

58-7 
59*3 
6o*o 
607 
614 

141 
142 
143 
144 
145 
146 
147 
146 
149 
150 

I03' I 
103-9 
104*6 
IO53 

106*0 
1068 

107-5 

Io8'2 

109*0 

1097 

96*2 
968 

97-5 
98*2 

98-9 
99.6 
100*3 
100*9 
101*6 
102*3 

301 
303 
303 
304 
205 
306 
207 
308 
309 
310 

1470 
147*7 
1485 
1492 
1499 
150*7 
151-4 
1521 
1529 
1536 

137*1 

137*8 
138-4 
139*1 
1398 
140-5 
1412 
141  9 
142*5 
'43* 

261 
262 
263 
264 
265 
266 
267 
268 
269 
270 

190-9 
191-6 
1923 
193-1 
1938 
1945 
195-3 
196-0 
196*7 

«97'5 

1780 
178*7 
1794 
1800 
1807 
181*4 
182*1 
1828 
183-5 
1841 

31 
32 
33 
34 
35 
38 
87 
38 
30 
40 

22"7 

*3'4 
24-1 
249 

Vrl 

28-5 
19-3 

21*1 
21*8 
22*5 
23-2 
23-9 

24*6 
25-2 

in 

27-3 

91 
93 

93 
94 
95 
96 
97 
98 
99 
100 

66-6 
67-3 
68-o 

687 
695 
70-2 
70-9 

7i'7 
72-4 

73'i 

62*1 
627 
63-4 
64.« 
64-8 

66*2 
66-8 

67-5 
68-2 

151 
I5S 
153 
154 
155 
156 
157 
156 
159 
160 

110*4 
111*2 
111*9 
112*6 

113-4 
114*1 

1148 
115-6 
116-3 
117*0 

103-0 
103*7 
104*3 
105*0 
105*7 
106*4 
107*1 
107-8 
108-4 
109*1 

311 
313 
313 
314 
815 
316 
217 
318 
319 
330 

1543 
1550 

1558 
1565 
1572 
158*0 
1587 
*594 
160*2 
160*9 

143*9 
1446 

145*3 

145-9 
1466 

'47*3 
148*0 

1487 
149*4 

150-0 

271 
272 
273 
274 
275 
276 
277 
278 
379 
280 

198*2 
1989 
199*7 

2CO*4 

201*1 
201-9 
202  •  6 
203*3 
204*0 
204*8 

184*8 
185-5 
186*2 
186*9 

1875 
1882 
188*9 
1896 
190*3 
191*0 

41 
43 
43 
44 
45 
46 
47 
46 
40 
50 
51 
53 
53 
54 
55 
56 

57 
58 

m 

60 

30*0 
30-7 

3>'4 
32*2 
329 
33*6 
34*4 
35« 
35-8 
366 

*8-o 
286 
29-3 
30-0 
30-7 
31-4 
32- 1 
327 

33'4 
34-1 

101 
103 
103 
104 
105 
106 
107 
108 
109 
110 

73*9 
74-6 

^\ 

76-8 

77*5 
7*'3 
79'o 
79*7 
804 

68*9 
696 

70*2 
709 
71-6 
7**3 
73*o 
73*7 
74'3 
75-o 

161 

162 
163 
164 
165 
166 
167 
168 
160 
170 

1177 
n8-5 
119*1 

"9*9 
120*7 
1*1*4 
122*1 

122*9 
1*3*6 

1*43 

109*8 
1105 
111*2 
iu-8 
1125 
113*2 
1139 
114*6 

"53 
1159 

331 
33S 

333 
334 
335 
326 
227 
338 
229 
230 

1616 
162*4 
1631 
1638 
164-6 
165*3 
166-0 
1667 
167*5 
168-2 

150*7 
151-4 
152*  1 
152*8 

1534 
1541 
154*8 

155*5 
156*2 
156-9 

381 
383 
383 
384 
385 
286 
287 
388 
289 
290 

205*5 
206*2 
207*0 
2077 
208*4 
209*2 
209-9 
210*6 
2114 

212*1 

191*6 
192-3 
193-0 
>93'7 
194*4 
i95*i 
195*7 
196*4 

197*1 
197-8 

37'3 
38-0 
388 

39*5 
402 
41*0 
417 
42-4 
43« 
439 

34'8 

HI 

36-8 

37*5 
382 

38-9 
396 
40-2 
409 

111 
113 
113 
114 
115 
116 

117 
118 
110 
130 

812 
8i*9 
82*6 
«3'4 
841 
84'8 
85-6 
86-3 
87-0 
87'8 

76-4 
77*i 
77*7 
78-4 
79*i 
79*8 
80-5 
812 
81  8 

171 
172 
173 
174 
175 
170 
177 
178 
179 
180 

125*1 
125*8 
,265 
127-3 
128*0 
128-7 
129-4 
130*2 
130*9 
1316 

116  6 

117*3 
1180 
1187 
119*3 
120*0 
120*7 
121*4 

122*1 
122*8 

231 
332 
233 
234 
235 
236 
337 
238 
230 
240 

1689 
169*7 
170*4 
171*1 
1719 
172-6 

173*3 
174*1 
174*8 
-75*5 

157*5 
158*2 

158*9 
159*6 
160*3 
i6i*o 
1616 
162-3 
163*0 
1637 

391 
293 
293 
294 
395 
296 
397 
298 
399 
800 

212*8 
213*6 
214*3 
215*0 

215*7 
216-5 

217-2 

217*9 
2187 
219*4 

198*5 
199*  1 
199*8 
200-5 

2QI*2 
201*9 
202*6 
203*J 
203*9 
204*6 

Out 

Dep. 

D.Lat 

Dist 

Dep. 

D.Ur 

Dist. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.  Ut. 

VAbU 

Dep. 

D.Lat 
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Hist 

D.Lat 

Dcp. 

Dist. 

D.Lat. 

Dip. 

Dist. 

D.Lat 

Dep. 

Dist 
481 

IXL.it 

Dep. 

Dist 

D.Lat. 

Dep 

369-O 

301 

220'I 

2053 

361 

264*0 

2462 

421 

3079 

2871 

3518 

3281 

541 

3957 

302 

220*9 

2060 

362 

2648 

2469 

422 

3086   2878 

482 

352  5 

3287 

542 

396  4 

3697 

303 

221*6 

2067 

363 

2655 

247*6 

423 

309*4 

2885 

483 

3532 

329*4 

543 

3971 

370-3 

304 

222*3 

2073 

364 

266-2 

2483 

424 

3101 

289*2 

484 

354-o 

3301 

544 

397*9 

37IO 

305 

223' I 

208*0 

365 

267*0 

2489 

425 

3108 

2899 

485 

3547 

330-8 

545 

3986 

371*7 

306 

2238 

2087 

366 

2677 

2496 

426 

3ir6 

200*5 

486 

355*4 

33M 

546 

399*3 

372*4 

307 

2245 

2094 

367 

268*4 

250-3 

427 

3«2-3 

291*2 

487 

3562 

3321 

547 

400- 1 

373*1 

308 

2253 

210- 1 

368 

269*1 

251*0 

428 

3i3*° 

291*9 

488 

356*9 

332*8 

548 

4008 

3737 

309 

2260 

2107 

369 

2699 

2517 

429 

3'3*8 

292*6 

489 

3577 

333  5 

549 

4015 

3744 

310 

2267 

211*4 

370 

2706 

2523 
253  0 

430 
431 

3  «4*5 
3152 

2933 
293*9 

490 
491 

358*4 

3342 

550 

402-2 
403-0 

375*1 
375  8 

311 

2275 

212  I 

371 

271*3 

359*1 

334  9 

551 

312 

2282 

2128 

372 

272- 1 

253  7 

432 

3160 

2946 

492 

359*8 

335*5 

552 

4037 

376*5 

313 

228*9 

213  5 

373 

2728 

254*4 

433 

3167 

2953 

493 

360-6 

336  2 

553 

4044 

377  1 

314 

2297 

214*2 

374 

2735 

255" 

434 

3'7*4 

296*0 

494 

3613 

3369 

554 

4052 

3778 

315 

2304 

2148 

375 

2743 

255*8 

435 

3181 

2967 

495 

3620 

337*6 

555 

405  9 

3785 

31* 

231*1 

215  5 

376 

2750 

2564 

436 

3189 

2974 

496 

3628 

338*3 

556 

406-6 

3792 

317 

2318 

216*2 

377 

2757 

2571 

437 

3196 

2980 

497 

3635 

338*9 

557 

4074 

3799 

318 

2326 

2 1 69 

378 

2765 

257-8 

438 

3203 

2987 

498 

3642 

3396 

558 

4081 

3806 

319 

2333 

217*6 

379 

2772 

258*5 

439 

3211 

2994 

499 

3649 

340-3 

559 

4088 

3812 

320 
321 

2340 

218*2 

380 

2779 

2592 
"2598 

440 
441 

3218 
3225 

3001 

500 

365  7 

34io 
3417 

560 
561 

4096 

38r9 

234* 

2189 

381 

2787 

300-3 

501 

3664 

4103 

3*26 

322 

2355 

2I96 

382 

2794 

2605 

442 

3233 

3014 

502 

3671 

34"4 

562 

411*0 

383-3 

323 

2362 

220*3 

3S3 

2801 

261-2 

443 

3240 

3021 

503 

367*8 

343*0 

563 

41 1 '8 

384*0 

324 

2370 

22  ro 

384 

2808 

261-9 

444 

3247 

3028 

504 

3686 

3437 

A64 

4125 

3846 

325 

2377 

2217 

285 

2816 

2626 

445 

3255 

303*5 

505 

3693 

344  4 

565 

4132 

3853 

326 

2384 

222*3 

386 

2823 

2633 

446 

3262 

3042 

506 

370*0 

345*1 

566 

4i4*o 

386*0 

327 

2392 

2230 

387 

2830 

2639 

447 

3269 

3049 

507 

370*8 

3458 

567 

4147 

3867 

328 

2399 

223  7 

388 

2837 

264*6 

448 

3277 

305*5 

508 

371-5 

3465 

568 

4154 

3874 

329 

240*6 

2244 

389 

2845 

265-3 

449 

3284 

3062 

509 

372*3 

347  1 

.,69 

4162 

3881 

330 

241-4 

225' I 

390 

2852 

2660 

450 

3291 

3069 

510 

373*o 

347  8 

348  5 

570 

416*9 

3887 

33] 

242-1 

2257 

391 

286-0 

2667 

451 

32V9 

3076 

511 

373-8 

571 

417-6 

3894 

332 

242*8 

2264 

392 

286-7 

267*3 

452 

33o-6 

3083 

512 

374*5 

3492 

572 

4183 

390I 

333 

2435 

227- 1 

393 

2874 

2680 

453 

3313 

309*0 

513 

375*2 

3499 

573 

4191 

3908 

334 

244*3 

2278 

394 

2882 

2687 

454 

3321 

3096 

514 

376o 

350*5 

574 

4198 

391*5 

335 

2450 

2285 

395 

288-9 

2694 

455 

332*8 

3io*3 

515 

3766 

3512 

575 

4205 

3922 

336 

2457 

229-2 

396 

2896 

270*1 

456 

333*5 

3»i-o 

516 

377*4 

351*9 

576 

4213 

3928 

337 

2465 

2298 

397 

2904 

270-8 

457 

3343 

3"7 

517 

378*2 

352*6 

577 

422*0 

393*5 

33? 

247-2 

2305 

398 

291*1 

2714 

458 

335o 

312*4 

518 

378*9 

353*3 

578 

4227 

3942 

339 

2479 

23 1*2 

399 

2918 

272-1 

459 

3357 

313-0 

519 

3796 

354-0 

579 

423*5 

394*9 

340 

2487 

231*9 
2326 

400 
401 

2926 

2933 

2728 

460 

336*5 
337*2 

3137 
3  "4*4 

520 
521 

38o*3 
381-1 

3546 
3553 

580 

4242 

3956 
396*2 

341 

24/4 

2735 

461 

581 

4249 

342 

250-1 

2332 

402 

2940 

2742 

462 

337*9 

3151 

522 

3818 

356o 

582 

4257 

396*9 

34  J 

250-9 

233  9 

403 

2947 

2749 

463 

338*7 

315  8 

523 

3826 

3567 

583 

426-4 

3976 

344 

251  6 

2346 

404 

2955 

275*5 

464 

3394 

3165 

524 

383-3 

357*4 

584 

4271 

398-3 

345 

2523 

235*3 

405 

2902 

2762 

465 

340  1 

3171 

525 

3840 

3581 

53  * 

4279 

4286 

399*o 

346 

253-1 

2360 

406 

2969 

2769 

466 

340*8 

317*8 

526 

3847 

3587 

586 

3996 

*47 

2538 

2367 

407 

2977 

277-6 

467 

34X6 

3185 

527 

3855 

3594 

587 

429-3 

4003 

34$ 

2545 

2373 

408 

2984 

278*3 

468 

342  3 

319*2 

528 

3862 

360*1 

588 

4301 

401*0 

349 

2553 

2380 

40J 

2991 

2789 

469 

3430 

3199 

529 

3869 

3608 

589 

4308 

4017 

350 

2560 

2387 

410 

2999 
3006 

2796 

470 

343  7 

3205 

530 

387*6 
"3884 

3615 
3621 

590 
591 

431*5 
432*3 

4024 
403' 

351 

2567 

239*4 

411 

280*3 

471 

3*45 

3212 

531 

352 

2574 

24OI 

412 

301-3 

2810 

472 

345*2 

3219 

532 

3891 

3628 

592 

433*o 

4037 

353 

2582 

2408 

413 

302- 1 

2817 

473 

3459 

3226 

533 

3899 

3635 

593 

4337 

4044 

354 

2589 

241*4 

4)4 

3028  2824 

474 

3467 

323*3 

534 

3906 

3642 

594 

434*5 

405*1 

355 

2596 

242'I 

415 

303-5 ,  283  0 

475 

3474 

324*0 

535 

391*3 

3649 

595 

435*2 

4058 

356 

260-4 

2428 

416 

3043   283  7 

476 

348i 

324*6 

536 

3920 

3655 

596 

435*9 

4065 

357 

26n 

2435 

417 

305-0  2844 

477 

3489 

325-3 

537 

3928 

3662 

597 

436-7 

4072 

358 

2618 

2442 

418 

305  7   2851 

478 

349*6 

3260 

538 

393*5 

3669 

598 

437*4 

4078 

359 

262-6 

2448 

419 

3064  ;  285-8 

479 

3503 

3'6  7 

539 

394*2 

3676 

599 

4i8i 

4085 

360 
Dist. 

2633 
Dcp. 

2455 

420 
Dist. 

3072 

2864 

480 

35«'i|  327'4 

540 
Dist. 

3949 

3683 

600 

4388 

4092 

D.  Lai. 

Depw 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dep. 

D.Lat. 

DUt 

Dcp. 

D.Lai 

47°                                                     8h  ftm 

5)8 


TABLE   1 


TRAVERSE  TABUS  TO  DKGRK£ft 

44° 

»»56-» 

DUt.JD.Ul 

Dtp. 

Dist. 

D.Lst. 

Dep. 

Dist.-D.Lst. 

Dtp. 

Dist. 

D.Lst 

Dep. 

Dist.JD.Ut. 

Dep. 

l|    c-7 

07 

61 

439 

4*4 

121 

87-0 

841 

181 

130*2 

125*7 

241 

«73'4 

1C74 

2  1    i-4 

i'4 

62 

44-6 

43' 

122 

878 

847 

182 

,300 
131*6 

126-4 

242 

174-1 

168-1 

3      a-i 

2*1 

(S3 

45*3 

43*8 

123 

885 

*5*4 

183 

1271 

243 

1748 

168-8 

4      a-9 

28 

64 

46*0 

44*5 

124 

892 

86*1 

184 

132-4 

127*8 

244 

175*5 

1695 

5*    3*6 

3'5 

66 

46*8 

45* 

125 

899 

86*8 

186 

1331 

128*5 

245 

176*2 

170-2 

o 

43 

4-2 

66 

47'5 

458 

126 

90-6 

875 

186 

1338 

129*2 

246 

177*0 

•  709 

7 

50 

S 

67 

482 

46- 5 

127 

914 

88*2 

187 

'34*5 

1299 

247 

1/7  7 

1716 

8 

5*8 

68 

48-9 

47* 

128 

92-1 

889 

188 

"35* 

130-6 

248    178*4 

'7*3 

9 

6*5 

6'3 

69 

496 

47*9 

129 

928 

896 

189 

136*0 

1313 

249 

1791 

173-0 

10 

7-2 

69 

70 

50-4 

48-6 

130 

935 

903 

190 

136*7 

132*0 

260 

179-8 

'73*7 

11 

79 

76 

71 

511 

49*3 

131 

94* 

910 

191 

137*4 

"3*7 

251 

1806 

17V4 

12 

8-6 

**3 

n 

518 

50-0 

132 

950 

917 

192 

1381 

"33*4 

252 

181*3 

175*' 

13 

94 

9-0 

73 

5*5 

507 

133 

95  7 

9*4 

193 

1388 

134*1 

2*3 

1820 

175-7 

U 

IO*I 

9*7 

74 

53* 

5'*4 

134 

964 

93*1 

194 

1396 

1348 

264 

182-7 

176*4 

15 

io*8 

10*4 

76 

54-0 

521 

136 

97- 1 

938 

195 

140-3 

135*5 

256 

1834 

I77-' 

16  ,  ii-$ 

ii'i 

76 

547 

52-8 

136 

978 

945 

196 

141*0    136*2 

266 

1842 

1778 

17  i  '** 

1 18 

77 

55*4 

53*5 

137 

985 

952 

197 

141*7    136*8 

257 

1849 

1785 

18 

119 

I2'5 

78 

561 

54* 

138 

99*3 

959 

198 

•4**4    ,37'5 

258 

1856 

179-2 

19 

"3*7 

132 

79 

568 

54? 

139 

lOO'O 

96-6 

199 

143*1     138-2 

259 

186*3 

1799 

90 

144 

139 

80 

57*5 

556 

140 

1007 

973 

200 

H3*9 

138*9 

260 

187*0 

1806 

21 

151 

146 

81 

5«-3 

563 

141 

1014 

97*9 

201 

144-6 

1396 

261 

187*7 

181*3 

22 

.58 

i5'3 

82 

59-0 

57-0 

142 

102*1 

986 

202 

H5*3 

140*  3 

262 

188-5 

182*0 

23 

16-5 

160 

83 

59*7 

577 

143 

102*9 

99*3 

203 

146*0 

141*0 

263 

189*2 

182*7 

24 

17-3 

167 

84 

60.4 

58-4 

144 

103*0 

lOO'O 

204 

1467 

1417 

264 

189*9 

183*4 

25 

18-0 

17-4 

86 

611 

590 

145 

104*3 

1007 

205 

"475 

142*4 

266 

190*6 

184*1 

26 

187 

181 

86 

61*9 

597 

146 

105*0 

101*4 

296 

148*2 

143*  1 

266 

1913 

1848 

27 

194 

188 

87 

626 

60*4 

147 

1057 

1021 

207 

«48-9 

1438 

267 

192*1 

185*5 

28 

20*1 

195 

88 

63.3 

611 

148 

106*5 

102'8 

208 

149*6 

144*5 

268 

192*8 

1862 

29 

20*9 

20*1 

89 

64*0 

618 

149 

107*2 

1035 

209 

1503 

1452 

269 

'935 

186-9 

30 

ai-6 

20*8 

90 

647 

625 

150 

1079 

1042 

210 

151*1 

"45*9 

270 

194*2 

1876 

31 

22*3 

215 

91 

65.5 

63* 

151 

108*6 

1049 

211 

1518 

146*6 

271 

'949 

1883 

32 

23*0 

22*2 

92 

662 

fi*o 

152 

1093 

1056 

212 

151*5 

»47*3 

272 

'957 

1889 

33 

237 

22«9 

93 

669 

158 

IIO'I 

1063 

213 

1531 

148*0 

273 

1964 

1896 

34 

*4*5 

23-6 

94 

676 

& 

154 

1108 

1070 

214 

•53*9 

1487 

274 

'97-i 

190*3 

36 

25-2 

*4*3 

96 

683 

156 

1115 

1077 

216 

1547 

149*4 

275 

197-8 

1910 

36 

259 

25*0 

96 

69*1 

667 

156 

1I2'2 

1084 

216 

155*4 

150*0 

276 

1985 

1917 

87 

266 

*57 

97 

69-8 

67-4 

167 

1 12-9 

109*  1 

217 

156-1 

150*7 

277 

'99*3 

192-4 

38 

*7*3 

26*4 

98 

70-5 

68*1 

168 

II37 

1098 

218 

1568 

151*4 

278 

2C0'0 

i9r« 

39 

281 

27-1 

99 

71-2 

68-8 

159 

1 144 

110*5 

219 

1575 

152*1 

279 

200*7 

'93*8 

40 

28-8 

27-8 

100 

719 

69-5 

160 

115*1 

111*1 

220 

158*3 

152*8 

280 

201*4 

'945 

41 

29-5 

285 

101 

727 

70*2 

161 

1.58 

1118 

221 

1590 

153*5 

281 

202*1 

'95* 

42 

30-2 

292 

102 

73*4 

70-9 

162 

,,65 

112*5 

222 

1597 

154* 

282 

202*9 

'95*9 

43 

309 

299 

103 

74*1 

7i-5 

163 

117-3 

113*2 

223 

160-4 

154*9 

283 

103-6 

196*6 

44 

317 

30-6 

KM 

74-8 

7*'* 

164 

1180 

1139 

224 

16, •, 

1556 

284 

2043 

197*3 

45 

3*4 

3"*3 

105 

75*5 

7*9 

165 

,187 

1146 

226 

1610 
162* 

156*3 

286 

205*0 

198*0 

46 

33*1 

320 

106 

763     736 

166 

1194 

1153 

226 

157*0 

286 

2057 

1987 

.47 

33*8 

3** 

107 

77*o 

74*3 

1«7 

120*1 

1160 

227 

1633 

1577 

287 

206  *  5 

•99-4 

48 

34*5 

33*3 

108 

777 

75"o 

168 

1208 

1167 

228 

164*0 

158*4 

288 

207*2 

200*1 

49 

35-2 

34*o 

109 

784 

757 

169 

121*6 

117*4 

229 

164-7 

159*1 

289 

207*9 

200-8 

60 

36*0 

34*7 

110 

79'i 

76-4 

170 

122*3 

1181 

290 

1654 

1598 

290 

208-6 

201*5 

51 

367 

35-4 

111 

79*8 

77-i 

171 

123*0 

1188 

281 

1 66*2 

160*5 

291 

2093 

202-I 

62 

37*4 

361 

112 

8o*6 

77*8 

172 

123*7 

119*5 

282 

166*9 

161*1 

292 

210*0 

202*8 

53 

38-1 

368 

113 

813 

78-5 

173 

1*4  4 

120*2 

233 

167*6 

161-9 

293 

210-8 

203*5 

54 

388 

37*5 

114 

82-0 

79* 

174 

125*2 

120*9 

234 

168-3 

162*6 

294 

2115 

204'2 

65 

396 

382 

215 

8*7 

79*9 

176 

1259 

121*6 

236 

169*0 

163*2 

296 

212*2 

2049 

66 

403 

3*'? 

116 

83.4 

8o*6 

17« 

126*6 

122*3 

236 

1698 

1639 

296 

212*9 

205*6 

67 

410 

396 

117 

842 

813 

177 

1273 

1230 

237 

1705 

164*6 

297 

213*6 

206-3 

68 

4>7    40*3 

118 

849 

82*0 

178 

128*0 

123-6 

238 

171-1 

165*3 

298 

214*4 

207-0 

69 

42-4 

41*0 

119 

856 

827 

179 

128*8 

»*V3 

230 

1719 

166*0 

299 

215*1 

207*7 

60 

43* 

417 

120 

86-3 

83'4 

180 

1295 

1250 

240 

172*6 

1667 

300 

2I58 

208*4 

Disc 

Dep.  Id.Uc 

1 

Dist. 

Dep. 

D.Lst 

Dist 

Dep. 

D.  Lut. 

Dist. 

Dep. 

D.  Lit. 

Dwt. 

Dep.  |D.  Lit. 

4<j 

>u 

3*4« 

T 

'ABLI 

:  1 

519 

TRAVERSE  TABLE  TO   DEGREES 

44? 

2*56» 

Diet. 

D.Lat. 

Dep 

Dist. 

D.  I.Bt 

Dep. 

Dist. 

I).  Lat. 

Dep. 

Diet. 

D.  I  at. 

Dep. 

Dist. 

D.Lat. 

Dep. 

301 

2l&$ 

209*1 

361 

259  7 

2508 

421 

3028 

292*5 

481 

346x) 

334*1 

541 

3892 

375  8 

802 

2172 

2098 

362 

2604 

2515 

122 

3036 

293*2 

482 

3467 

334-8 

542 

3899 

376  5 

30.3 

2180 

210-5 

363 

261-I 

252*2 

423 

304-3 

2938 

483 

3474 

3355 

543 

39o6 

3772 

304 

2187 

21 1-2 

364 

2618 

2529 

424 

305  0 

2945 

484 

348  2 

336*2 

544 

391*3 

377*9 

305 

2194 

21 1-9 

365 

2626 

2536 

425 

3057 

2952 

485 

3489 

336-9 

545 

392*o 

3786 

306 

220  I 

2126 

366 
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298*0 

489 

351-7 
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61-5 

615 

147 

103*9 

1039 

207 

367 

1888 

188-8 

28 

19-8  <  19*8 

88 

622 

622 

148 

1047 

104*7 

208 

147*1 

147*1 

268 

1895 

1895 

29 

20*5  .  20*5 

89 

62*9 

61-9 

149 

105*4 

105*4 

209 

147*8 

1478 

269 

190*2 

190*2 

30   |  21*2      21*2 

90 

636 

636 

160 

106*1 

1061 

210 

148*5 

148- 5 

270 

190-9 

1909 

SI 

21-9 

21*9 

91 

64-3 

64*3 

161 

ic68 

1068 

til 

1492 

1492 

371 

191*6 

191*6 

32 

22*6 

22-6 

92 

65-1 

65-, 

162 

107-5 

107-5 

212 

149*9 

1499 

272 

19**3 

192*3 

33 

*3*3 

23-3 

93 

65-8 

65-8 

163 

108*2 

108*2 

213 

150*6 .  150-6 

273 

193-0 

193-0 

34 

24*0 

H-O 

94 

66- 5 

66- 5 

164 

1080 
109*6 

108-9 

214 

151*3  «  1513 

274 

193-7 

»93*7 

3* 

24' 7    24-7 

95 

67-2 

67-2 

166 

109-6 

216 

152*0 

1520 

276 

194-5 

»94*5 

38  ,  25-5 

2F5 

20'2 

96 

679 

67-9 

166 

no*  3 

1103 

216 

152*7 

151*7 

276 

195*2 

1952 

37 

16*2 

97 

68-6 

68-6 

167 

11 10 

IlI'O 

217 

153*4 

153*4 

277 

:rn 

195*9 

38 

26*9 

26*9 

98 

69*3 

693 

168 

1117 

1117 

218 

154-1 

154*1 

278 

196*6 

39 

27-6 

27*6 

99 

70-0 

70*0 

169 

1124 

112-4 

219 

154*9 

1549 

279 

197*3 

197*3 

40 

28-3 

28-3 

100 

70-7 

70-7 

160 

113*1 

113-1 

220 

155-6 

iS5*6 

280 

198*0 

198*0 

41 

29*0 

29*0 

101 

714 

7*'4 

161 

113-8 

1138 

221 

156-3 

1563 

281 

198*7 

198-7 

42 

29-7 

29-7 

102 

72-1 

72-1 

162 

114*6 

114*6 

222 

157-0 

157*0 

282 

1994 

i°9*4 

43 

304 

30-4 

103 

72*8 

72-8 

163 

1153 

1153 

223 

157-7 

157-7 

283 

200*1 

200*1 

44 

311 

31-1 

104 

73*5 

73*5 

164 

116-0 

116*0 

22* 

1584 

1584 

284 

200*8  J  200*8 

4.1 

31-8 

31-8 

106 

74'* 

74*a 

166 

116-7 

116*7 

226 

1591 

159*1 

285 

201*5  j  201*5 

48  I  32*5 

3*'5 

106 

75*0 

75-0 

160 

117-4 

1174 

226 

159*8 

1598 

286 

202*2    202*2 

47 

33-2 

33-2 

107 

75*7 

75*7 

167 

118*1 

1181 

227 

160*5 

160*5 

287 

202*9 

202*9 

48 

33*9 

33*9 

108 

76-4 

764 

168 

1188 

1188 

228 

161*2 

161-2 

288 

203-6 

203*6 

49 

34-6 

34-6 

109 

77*i 

77*  1 

169 

119-5 

1195 

229 

161-9 

161*9 

289 

204*4 

2C4'4 

SO 

35*4 

35*4 

110 

77*8 

77'8 

170 

I20'2 

120' 2 

230 

1626 

162*6 

290 

205-1 

2d5*l 

6) 

36., 

361 

111 

78*5 

78-5 

171 

I20'9 

120'0 

S31 

163*3 

,63*3 

291 

205*8 

20j*8 

206-5 

62 

36*8 

368 

112 

79-2 

79-2 

172 

121*6 

121*6 

232 

164*0 

164*0 

292 

206*5 

83 

37*5 

37*5 

113 

79*9 

79*9 

173 

122*3 

I22'3 

233 

1648 

1648 

293 

207*2 

207*2 

84 

38-2 

382 

114 

8o*6 

8o*6 

174 

1230 

I23-0 

234 

i6c*5 
1662 

165*5 

294 

207-9 

207*9 

65 

38-9 

389 

115 

813 

8i*3 

175 

123*7 

123-7 

236 

1662 

296 

208*6 

2086 

58 

39*6 

39.6 

116 

82-0 

Sa-o 

176 

124*5 

I245 

236 

166*9 

166*9 

296 

209*3  •  209-3 

67 

40-3 

40*3 

U7 

827 

8*7 

177 

1252 

125*2 

237 

167*6 

167-6 

297 

210*0     210*0 

68 

41*0 

41*0 

118 

834 

83-4 

178 

1259 

I259 

238 

168-3 

168-3 

298 

210*7 

210*7 

69 

41-7 

4«7 

119 

84- 1 

84-1 

179 

1266 

1266 

239 

169-0 

169*0 

299 

211*4 

211-4 

60 

4*4 

42-4 

120 

84-9 

849 

180 

127-3 

127*3 

240 

1697 

169-7 

300 

212*1 

212*1 

Dist  Dep. 

D.Lai 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lnt 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

. 

4£ 

>°                                                           8«  0"-» 

TABLE 

1 

521 

TRAVERSE  TABLE  TO   DEGREES 

46°                                                            8*  0m 

Dist. 

D.Lat 

Dep 

1 
Dist.  D.  Lot. 

Dep. 

Diet. 

D.Lat 

Dep. 

Dift. 

D.Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

30I 

212*8 

2128 

361 

2553 

2553 

421 

2977 

2977 

481 

340-I 

3401 

541 

3825 

3825 

302 

2135 

2135 

362 

256*0 

2560 

422 

298-4 

2984 

482 

340-8 

340-8 

542 

383  2 

3832 

3i>3 

2143 

2143 

363 

2567 

2567 

423 

2991 

2991 

488 

3415 

341-5 

•543 

3*3'9 

3839 

804 

2150 

2150 

364 

257*4 

2574 

424 

2998 

2998 

484 

342*2 

3422 

544 

3847 

3847 

I805 

2157 

2157 

365 

2581 

2581 

425 

3005 

300*5 

485 

342*9 

342*9 

545 

3854 

3854 

I306 

21 6*4 

216-4 

366 

2588 

2588 

426 

3012 

3012 

466 

343* 

3436 

546 

3861 

3861 

1307 

217*1 

217*1 

367 

2595 

259*5 

427 

3019 

3019 

487 

3443 

3443 

547 

3868 

3868 

308 

2178 

2178 

368 

2602 

2602 

428 

3026 

3026 

488 

3451 

345« 

548 

3!r5 

3875 

309 

218-5 

2185 

369 

260*9 

260-9 

429 

3034 

3034 

489 

345*8 

3458 

549 

3882 

3882 

3IO 

2192 

219*2 

370 

2616 

2616 

430 

3041 

3041 

490 
491 

346*5 

3465 

550 

3889 

388-9 

311 

2199 

2199 

371 

2623 

2623 

481 

3048 

304* 

3472 

347*2 

551 

3896 

3M 

312 

220'6 

2206 

372 

263*0 

2630 

432 

3055 

3055 

492 

3479 

347*9 

552 

390*3 

390*3 

£13 

221*3 

221*3 

373 

2638 

2638 

483 

3062 

3062 

493 

3486 

348*6 

558 

39i*o 

391-® 

314 

2220 

2220 

374 

2645 

2645 

434 

3069 

3069 

494 

3493 

3493 

554 

3917 

39*7 

315 

222  7 

222*7 

375 

265-2 

265-2 

435 

3076 

3076 

495 

3500 

3500 

555 

392*4 

392*4 

316 

2234 

223  4 

376 

2659 

2659 

436 

3o8*3 

308-3 

496 

3507 

3507 

556 

3931 

393** 

317 

224*2 

224*2 

377 

2666 

2666 

437 

3090 

3090 

4*7 

351  4 

351*4 

557 

3939 

393*9 

818 

2249 

2249 

378 

2673 
2680 

2673 

438 

309-7 

3097 

498 

3521 

3521 

558 

394  6 

394*6 

319* 

225*6 

2256 

379 

2680 

439 

3104 

3104 

499 

3528 

352  8 

559 

395  3 

395*3 

320 
321 

2263 

220-3 

3«0 

2687 

2687 

440 

3"i 

3111 

500 

3535 

353*5 

560 

3960 

396o 

227*0 

227-0 

381 

2694 

2694 

441 

3"  8 

3"S 

501 

3543 

354*3 

561 

3967 

3967 

329 

227  7 

2277 

382 

270-1 

270-1 

442 

3125 

3125 

502 

355o 

3550 

562 

3974 

3974 

823 

228*4 

228-4 

383 

2708 

270-8 

44) 

3133 

3*3  3 

503 

3557 

3557 

563 

39h 

398« 

324 

229*1 

229-1 

384 

2715 

27«5 

444 

3i4-o 

3»4-o 

504 

35*^4 

356*4 

564 

398*8 

3988 

325 

2298 

229-8 

385 

2722 

2722 

445 

3*47 

3147 

505 

3571 

3571 

565 

3995 

399*5 

326 

230  5 

2305 

386 

272*9 

2729 

446 

3154 
3161 

3«54 

506 

357-8 

3578 

566 

400*2 

4002 

327 

2JI  2 

23 1  2 

387 

2737 

2737 

447 

3161 

507 

3585 

358*5 

667 

400*9 

4009 

328 

2319 

231*9 

388 

2744 

2744 

448 

3168 

3168 

508 

359*2 

3592 

568 

401-6 

401-6 

329 

232*6 

2326 

389 

2751 

2751 

449 

3  i7'5 

3*7-5 

509 

359*9 

3599 

569 

4023 

402-3 

330 
331 

233*3 

2333 

390 

2758 

2758 

450 

3182 

3182 

510 

360*6 

3606 

570 

403*0 

403*0 

23*1 

234I 

391 

2765 

2765 

451 

31*9 

3189 

511 

36i*3 

3613 

571 

4038 

4038 

382 

2348 

234*8 

392 

2772 

2772 

452 

3196 

3196 

512 

3620 

3620 

572 

4045 

4045 

333 

*355 

2355 

393 

2779 

2779 

453 

3203 

3203 

513 

3627 

3627 

573 

4052 

4052 

334 

236-2 

236*2 

394 

2786 

2786 

454 

3210 

3210 

514 

3635 

3635 

574 

4059 

4059 

335 

2369 

2369 

395 

2793 

2793 

455 

3217 

3217 

515 

3642 

3642 

575 

4066 

4066 

336 

237*6 

237*6 

396 

2800 

2800 

456 

3224 

3224 

516 

3649 

364  9 

576 

4073 

4073 

337 

2383 

2383 

397 

2807 

280-7 

457 

323*2 

3232 

517 

365-6 

3656 

577 

4080 

4080 

338 

239-0 

2390 

398 

2814 

2814 

458 

323*9 

3239 

518 

366*3 

3663 

578 

4087 

4087 

889 

239  7 

2397 

399 

2821 

2821 

459 

324*6 

3246 

519 

3670 

3670 

579 

4094 

4094 

840 

2404 

240*4 

400 

2828 
283  6 

2828 

460 

3253 

J253 
3260 

520 
521 

3677 

367  7 

.*80 

410*1 

4 10- 1 

341 

241-1 

24II 

401 

283*6 

461 

3260 

3684 

368*4 

5b  1 

4108 

4108 

842 

2418 

241*8 

402 

2843 

2843 

462 

3267 

3267 

522 

369*1 

3691 

532 

4«5 

4115 

343 

2425 

2425 

403 

285*0 

2850 

463 

327'4 

327*4 

523 

3698 

3698 

583 

412*2 

4122 

844 

2432 

2432 

404 

2857 

2857 

464 

3281 

*2!'I 

524 

370  5 

370*5 

584 

4129 

4129 

845 

2440 

244O 

405 

2864 

2864 

465 

3288 

3288 

525 

3712 

371*2 

585 

4137 

4'3  7 

346 

2447 

2447 

406 

2871 

2871 

466 

3295 

3295 

526 

3719 

371*9 

586 

4»4"4 

4144 

347 

245*4 

245*4 

407 

2878 

287*8 

467 

33o-2 

330a 

527 

3726 

372*6 

587 

4151 

415*1 

348 

246-1 

246- 1 

408 

2885 

2885 

46-* 

330-9 

3309 

528 

3734 

373*4 

588 

4158 

4i$8 
4165 

349 

2468 

2468 

409 

2892 

2892 

469 

33>* 

3316 

529 

3741 

3741 

589 

4  *6*5 

350 
351 

2475 
2482 

247*5 
248-2 

410 

2899 

2899 

470 

332*3 

3323 

530 

3748 

374-8 

590 

4172 

4172 

411 

2906 

290*6 

471 

333* 

3331 

531 

3755 

375  5 

591 

4'7  9 

417  9 

352 

2489 

2489 

41/ 

2913 

291*3 

472 

333  8 

333*8 

532 

3762 

370-2 

592 

4186 

418-6 

353 

2496 

2496 

413 

2920 

2920 

473 

3345 

334  5 

533 

376  9 

376  9 

593 

4193 

419  3 

354 

2503 

2503 

414 

2927 

2927 

474 

3352 

335*2 

534 

3776 

3776 

594 

420-0 

420*0 

855 

2510 

2510 

415 

2935 

293  5 

475 

335*9 

3359 

535 

378*3 

378*3 

595 

4--07 

420*7 

356 

2517 

2517 

416 

2942 

2942 

476 

3366 

3366 

536 

379*> 

3790 

596 

4214 

4214 

357 

2524 

2524 

417 

294*9 

2949 

477 

3373 

3373 

537 

3797 

3797 

597 

422  1 

422- 1 

338 

253*1 

253* 

418 

295*6 

295*6 

478 

338o 

3380 

538 

3804 

38o-4 

598 

4228 

4228 

359 

2539 

253*9 

419 

2963 

296*3 

479 

3387 

3387 

539 

35rJ 

3811 

599 

423*6 

4236 

360 

2546 

2546 

420 

297-0 

2970 

480 

3394 

339  4 

540 

3818 

3818 

600 

424*3 

4243 

Dist 

Dtp. 

D.Lat. 

Dirt. 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat. 

DUt 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat. 

45°                                                        8h  0"» 
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TABLE  8 


DEPARTURE  AND  CORRESPONDING  DIFFERENCE  OP  LONGITUDE 

Ut. 

DlPAftTUBB 

PAST! 

^ 

2 

3 

«  1 

5 

6 

7 

8 

9 

10 

Dtol0 

15'  |  sty 

4y 

5* 

I'OO 

2  00 

3*00 

4-oo; 

$•00 

6*co 

7*00 

800 

9*0© 

10*00 

0*04 

O'OI 

0*01 

©•©* 
0*00 

4 

I'OO 

2- OO 

3*01 

4*01. 

501 

6*oi 

7*o* 

8-ot 

9*02 

10*02 

0*08 

0*01 

0*04 

6 

IX I 

2*01 

3*02 

4*01 

5<>3 

6*03 

7*04 

8*04 

90$ 

10-06 

012 

0*03 

o*o6 

0*09 

8 

I'OI 

2*02 

303 

4-04! 

50J 
508 

6*o6 

7*07 

8*08 

909 

io*io 

014 

0*03 

0*07 

0-10 

10 

1*01     1'OJ 

3-05 

4-06  | 

6*09 

7-1 1 

8*11 

9*H 

10*15 

0*16 

0*04 

0-08 

©•11 

12 

1*01  j  2'OA 

to)    2*06 

3-07 

4-09 

5*U 

fM2 

7*i« 

8*  18  '    9*2© 

lo-ii 

0*18 

0*04 

o*c8 

0-13 

14 

3-09 

4*12 

5-«5 

618 

7#*  1 

824!    9*8 

10*31 

0*20 

o*o$ 

o*io 

0*16 

15 

1*04    2*07 

3-u 

4*»4 

518 

6*21 

7**  5 

8*28  1    9*32 

10*3$ 

0*22 

0.0$ 

o*n 

16 

1*04  J  2*08 

312 

4*16 

5*20 

6-24 

7**8 

8*3*'    9*36 

10*40 

0*24 

0*06    0*12 

o*it 

17 

i*o$  ■  2*09 

3'4 

4*18  | 

$•26 

6*27 

7*3* 

8-37'    9*4J 

10*46 

0  26 

0*06 

0*13 

c*i9 

18 

13 

2*  IO 

3«5 

4*1 

631 

7-3*5 

8*41  !    9*46    io*$i 

0*28 

0*07 

0*14 

0-21 

«9 

2*12 

3**7 

4**3 

5*9 

•5*35 

7*40 

8*46 

9*5* 

10-58 

0  30 

0*07 

0*15 

o-ai 

20 

106 

2-13 

3-19 

4*26 

5*3* 

639 

7*45 

8$. 

9*58 

10*64 

0*32 

0*08 

0*16  j  0**4 

21 

1-07 

2*  14 

321 

4*8 

5*36 

6-43 

7*$o 

8'J7 
8*S3 

964 

1071 

0*34 

0*08 

0*17 

0-15 

22 

1*08 

2*l6 

3**4 

43" 

5*39 

6*47 

7*55 

9'7« 

1079 

0-36 

0*09 

018 

0*27 

23 

1*09 

2-17 

326 

43$ 

5*43 

652 

7*60 

869 

9*78 

io*86 

0*38 

0*09 

0*19 

o*xS 

24 

1*09 

2M9 

318 

438 

5*47 

6*57 

7*66 

8*76 

9*85 

10*95 

0*40 

o*io 

0*20 

0*30 

25 

no 

2*21 

3'3» 

4*4" 

5*5* 

6*62 

7.72 

8*83 

9*93 

11*03 

0  42 

o*io 

0*21 

0*31 

26 

1*11 

*#*3 

3*34 

4*45 

556 

6*68 

7*79 

890 

10*01 

11*13 

0*44 

0*11 

0*22 

0-33 

27 

i*ia 

2-24 

3-37 

4*49 

51l 

$73 

7*86 

8*98 

10*10    11*22 

0-46 

o*n 

0*23 

°"J4 

28 

113 

2-27 

3*4© 

453 

$•66 

6*8o 

7-93 

9*06 !  10*19 

11*33 

0-48 

0*12 

0*24 

0*36 

29 

114 

2*29 

343 

4' 57 

5*7* 

6-86 

8*oo 

9*1$ 

10-29 

11*43 

0*50 

0*12 

0*25 

0*37 

30 

115 

2-3I 

3-46 

461 

5*77 

6o? 

8*08 

9*4 

10-39 

11*55 

0*52 

0*I3 

0*26 

0*39 

31 

1-17 

**33 

3*50 

4**7 

5*83 

7*00 

817 

9*33 

io*$o 

lO'OI 

11*67 

0*54 

0*13  '  0-27 

0*4© 

32 

1*18 

236 

3*54 

4*7* 

$•90 

7*08 

8*2$ 

9*43 

1179 

0*56 

0*13  [  0*18 

0*41 

33 

1*19 

1-38 

362 

4*77 

$•96 

r»5 

8-35 

9*54 

i°*73 

11*92 

0-58 

0*14 

0*29 

0*43 

34 

1*21 

241 

482 

603 

7**4 

8*44 

965 
9*76 

1086 

12*06 

0*60 

o*i$ 

0*30 

o*4J 
0*46 

35 

1*22 

*'44 

3*66 

4-88 

6*10 

7'3* 

8-54 

1099 

12*21 

0*62 

0-15 

O3I 

36 

1-24 

**47 

3*7« 

4*94 

6- 18 

7'4* 

a 

9-89 

11*12 

12*36 

0*64 

0*16 

©•32 

0*48 

37 

11$ 

2-50 

3*7* 

501 

626 

7*Ji 

7-61 

10*02 

11*27 

12*69 

0*66 

0*16 

0*33 

©•49 

38 

1-27 

**54 

r!l 

$08 

f35 

8-88 

10*1$ 

11*41 

M8 

0*17 

0*34 

©•$1 

39 

129 

*|7 

386 

5>5 

«*43 

7'7* 

9*01 

IO*29 

11*58 

12*87 

•  70 

0*17 

0*3$ 

0-$2 

40 

vy 

2*61 

3?* 

52* 

+*} 

7'8? 

?"4 

10*44 

117J 

»3*<>5 

0*72 

018 

0*36 

o*$4 

41 

-'33 

»«5 

3'9« 

530 

**63 

T95 

9*8 

10*60 

n*93 

13*5 

0*74 

0*18 

0*37    o*$$ 

42 

1*35 

2*69 

4*04 

538 

iv 

8*07 

9*4* 

1077 

11*11 

13*46 

0*76 

0*19 

0-38    ©*$7 

43 

1*37 

**73 

4*10 

5-47 

6-84 

8*2© 

9*57 

10*94 

11*31 

13*67 

0*78 

0*19 

0-39  j  o*$8 

44 

139 

278 

4'«7 

it 

69$ 

8*34 

9*73 

II*t2 

U$l 

13-00 

0*80 

0*20 

|  0*4©  I  o*6o 

45 

141 

283 

4**4 

7*07 

8*49 

9*90 

11*31 

1273 

I4I4 

0*82 

0*20 

0*41    0*61 

46 

«#44 

188 

43* 

$•?« 

7*10 

8*64 

10*08 

1I$2 

12*96 

14*40 

0*84 

0*21 

0*42 

0*63 

47 

1*47 

2*93 

4-40 

S-*7 

7*33 

880 

10*26 

:s3 

13*20 

I466 

0-86 

0*21 

0*43 

0*64 

48 

149 

2-99 

4*48 

$•98 

7*47 

1    8*97 

10*46 

»3'45 

14*94 

0*88 

©*22 

0-44 

o*66 

49 

1*52 

3*05 

4T 

6*IO 

7*62 

1    9**5 

10*67 

12*19 

1371 

1$*24 

0  90 

0*22 

o-45 
0-46 

0*67 

50 

i*$6 

3*11 

6*22 

r78 

1    9*33 

10*89 

12*45 

14*00 

i$*$6 

0*92 

0*23 

0*69 

51 

i-59 

318 

4*77 

6-36 

7*95 

9*53 

11*12 

12*71 

14*30 

15*89 
16*24 

0-94 

O23 

0*47 

070 

52 

1*62 

3**5 

4*87 

6*<0 
665 

8*12 

9*75 

u*37 

1299 

14*62 

0*96 

0*24 

0*48 

072 

53 

i*66 

3*3* 

4-9« 

8*31 

9*97 

11*63 

13*29 

H*95 

16*62 

0*98 

0*24 

0*49 

073 

54 

170 

3'4<> 

$•10 

6*8i 

!'51 

10*21 

11*91 

13*61 

i$*ii 
i$*69 

17*01 

1*00 

0*2$ 

o*$o 

075 

55 

"74 

349 

5**3 

6-97 

8'7* 

10*46 

12*20 

•3*95 

17*43 

102 

o*i$ 

©•$1 

0*76 

56 

179 

3*|8 

5'3« 

7-15 

894 

1073 

I2*$2 

1431 

16*09 

17*88 

104 

0*16 

0*$2 

0*78 

57 

i'«4 

3-67 

$5*fo 

7*34 

918 

II*02 

12*8$ 

14*67 

16-51 

18*36 
1887 

1*06 

0*26 

o*$3    0*79 

58 

1*89 

3*77 

7*55 

944 

1132 

13*21 

I$*IO 

1698 

108 

0-27 

o*$4    o*8i 

59 

i*94 

388 

6*00 

7*77 

971 

1.6$ 

-T59 

l6*00 

«7'47 

19*42 

1*10 

0*27 

o*55 
0*56 

0*82 

60 

2*00   4*00 

8*00 

lO'OO 

I  I'OO 

14*00 

18*00 

20*00 

1*12 

0*28 

©•84 

61 

2*06 

413 
426 

6*19 

8**5 

lO'JI 

io*6$ 

12*38 

H*44 

i6*$o 

18*56 

10*63 

114 

0*28 

0*57 

o*8$ 

62 

2-13 

tfi 

8*5* 

1278 

14*91 

17*04 

19*17    21*30 

116 

0*29 

©*$8 

©*87 

63 

2*  20 

4'4* 

8*8i 

II'OI 

13-22 

1$*41 

1762 

19*82 

12*03 

1*18 

0*29    0*59  :  0*88 

64 

2*28 

4*5« 

6-84 

9*'* 

1 141 

1369 

ij*97 

lt2$ 

20*53 

22-81 

1-20 

0*30 '  0*60  ;  0*90 

65 

*#37 

4*73 

7'ic 

9-46 

11-83 

14*20 

16-56 

18*93 

21*30 

23*66 

1*22 

0*30  .  o*6i  j  0*91 

66 

2-46 

492 

rl! 

9*83 

12*29 

-4*75 

17*21 

19*67 

22*  13 

*4*59 

124 

031 

0*62    0*93 

67 

256 

512 

7*68 

10*24 

I2'80 

1536 
16*02 

17-92 

20*47 

23*03 

*5*59 

1-26 

0*31 

0*63  I  0*94 

68 

2-67 

534 

8*oi 

io*68 

>3'35 

18*69 

21-36 

24*03 

26-69 

1-28 

0*32 

0*64  1  0*96 

69 

279 

5'5« 

837 

1116 

'3*95 

1674 

>9*53 

22*32 

2$*ll 

27*90 

1*30 

0*32 

o*6$  j  0*97 
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DIFFERENCE  OP  LONGITUDE  AMD  CORRESPONDING  DEPARTURE 

Lac 

DiPFBmsNCB  or  Lonoitudb 

Pabtp 

1  1  * 

3 

4 

5 

6 

7 

S    1    9 

10 

r>toi° 

15' 

30' 

4V 

0* 

1*00 ,  a  00 

3-00 

4*00 

500 

6*00 

7-00 

8#oo 

9*00 

10*00 

0-01 

O'OO 

O'OO 

O'OI 

4 
6 
8 
10 
12 
14 
15 

j*oo  .  2  00 

2-99 

399 

4*99 

5*99 

6-98 

798 

8-98 

9-98 

0*02 

O'OO 

0*01 

0'02 

0-99 

»*99 

2-98 

3-98 

4'97 

5'97 

696 

7'9* 

8*95 
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261-5 

420*0 

270*8 

427*0 

280*5 

434*4 

290*4 

441*2 

300-7 

450-4 

311-4 

4590 

322-6 

72 

435*5 

277*1 

44**5 

287*0 

449*9 

297*2 

457*6 

3078 

4659 

3I8-7 

474*5 

330*0 

4836 

341-8 

73 

460*2 

*94*5 

467*7 

305O 

475*5 

3If2 

483*7 

3*7*1 

4924 

338-7 

501-5 

3508 

5112 

363*3 

74 

488-1 

314-0 

496- 1 

325-2 

504*3 

3368 

5i3*i 
5464 

348*7 

522*3 

361*1 

532*0 

374*0 

542-2 

387*3 

75 

5199 

336*2 
3611 

526*3 

348-0 

537*1 

360-4 

373-2 

556* 

386-5 

&\ 

400-2 

577-4 
617*7 

414*5 

70 

556*1 

5652 

374*o 

574*6 

387*3 

584*6 
628-7 

401-1 

595*0 

415*3 

4JO-I 
4*4*5 

445*5 

77 

598*2 

3900 

607-8 

403*9 

618*0 

418*3 

433*2 

6399 

448*5 

6518 

664*4 

481*1 

78 

647-2 

423-6 

6576 

438*7 

668-6 

453*4 

6802 

470-5 

69*4 

437-2 

705*2 

504*5 

7188 

522-5 

79 

705*2 

463*2 

7166 

479*7 

728*6 

496*8 

74"** 

5 '4*  5 

754*4 

$3*7 

768*5 

5$i*7 
608*2 

783*2 

571*4 

80 

774*9 

510-6 

7874 

518-9 

8oo*6 

547*7 

8144 

567*1 

829*0 

587*3 

844*4 

860*6  629-9 

1 

49° 

50° 

51° 

52° 

53° 

54° 

55° 

o 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

1    M 

N 

M 

N 

49 

232*3 

132*3 

50 

237*1,137-1 

141*0 

141*0 

51 

242*2  142*1 

H7*» 

147*1 

151*5 

1525 

52 

247*6 

147-2 

151*7 

151*5 

ij8*i 
264-0 

1581 

263*8 

163*8 

53 

*53*3 

152*7 

258-5 

158*2 
164-0 

163*9 

269*9 

169*9 

176*1 

176*1 

54 

*59*3 

«58*3 

264*7 

2703 

170-0 

276*3 

176-2 

281*7 

182*7 

290*6 196*6 

55 

265*7 

1643 

271-1 

170*1 

277*0 

176*4 

283*2 

1818 

189*7 

1895 

304*0 

104*0 

50 

272-6 

170*5 

1782 

176*7 

284*2 

183*1 

2905 

1898 

*97* 

196-7 

304*2 

204*1 

311-8 

211*7 

6> 

279*9 

177*1 

285*6 

1835 

291-8 

190*2 

298*2 

197*1 

305*1 

204*3 

31*4 

211*9 

320*1 

219-9 

58 

287*6 

184- 1 

2936 

190*7 

2909 
3085 

1976 

3065 

104-  8 

313*6 

212*4 

321*0 

220*3 

329*0 

228' 5 

59 

296*0 

1915 

302-1 

198*3 

205- 5 

315*4 

113*0 

322*6 

220-9 

330*3 

229*1 

338*5 

*37*7 

00 

3047 

199*2 

311*1 

206 '4 

317-8 

213*9 

3*4*9 

221*7 

33**3 

229*9 

340-3 

238*4 

348*7 

*47*4 

61 

3H*4 

207-5 

3209 

2x5-0 

3*7*8 

222*8 

335*0 
3460 

2309 

342*7 

*39*4 

3509 
3624 

H8*3 

359*6 

257*6 
268-6 

02 

3*4*7 

216-4 

33'*4 

224*1 

338*5 

*3**3 

240*7 

353*9 

2496 

258*9 

371-3 

03 

3357 

225-8 

34**7 

*33*9 

350*o 
361*5 

242*4 

357*8 

251'2 

3660 

260*4 

374*7 

270-1 

384-0 

280-3 

64 

347*7 

2359 

3lf9 

244*3 

253-2 

264*8 

370*5 

262*4 

379*i 

272*1 

388*1 

282*2 

397*7 

292*8 

05 

360*7 

246*7 

368*  1 

2556 

3700 

384*3 

*74*5 

393*2 

284-6 

402*6 

295*2 

412*5 

306-3 

66 

374*8 

258-4 

382*5 

267*7 

3906 

*77'4 

399*3 

287-5 

408*5 

198*1 

418-3 

309*1 

418*9 

3208 

07 

3901 

271*0 

3982 

280*8 

406*6 

290*9 

4i5'7 

301-5 

4*5*3 

312*6 

435*4 

3*4*3 

446* 

336*4 

08 

406*9 

284*7 

4*5*3 

295*j 

4*4' 

305*6 

433*6 

3168 

443*6 

3*8*5 

454** 

340-7 

4654 

353*5 

09 

4*5*3 

2997 

434*' 

310*5 

443*3 

3*i*7 

453** 

333*4 

463*7 

345*7 

474-7  358-6 

4865 

372-0 

70 

445*7 

3161 

454*9 

327*2 

464*6 

339*3 

474*9 

351*7 

4858 

?64*6 

497*4 

378-2 

5098 

39**4 

71 

468*2 

334*  1 

477*8 

346*1 

4881 

3j8*6 
380*1 

498-9 

371*7 

5io-4 

385*4 

522*6 

399*7 

535*5 

414*8 

72 

493*3 

354*o 

503'4- 

3668 

514*2 

5*5*6 

393*9 

537*7 

4084 

550*6 

4*3'6 

564*2 

439*5 

73 

511*3 

376*3 

532-1 

389*8 

543*5 

403*9 

555*5 

418-6 

568*3 

434*i 

5819 

450-2 

596*3 

467-1 

74 

553*o 

401*2 

564*4 
601*1 

415*6 

576*5 

43o-7 

589*3 

446*4 

602*8 

462*8 

617-2 

480-0 

632*5 

498*o 

75 

588-9 

4*9*3 

444*8 

6139 

460*9 

6276 

477*7 

642*0 

495*3 

657*3 

513*7 

6736 

533*o 

70 

630-1 

4*1-4 

«43i 

478*0 

6568 

495*3 

671-4 

513-4 

686-8 

53**3 

703*2 

552-0 

720-7 

57**8 
618*6 

77 

677*6 

498*3 

691*6 

516*2 

706-4 

534*9 

722-1 

554*4 

738-7 

574*8 

756-3 

596-2 

775*0 
838*6 

78 

733"i 

5412 

748*3 

560-7 

764*3 

581-0 

781*2 

602*2 

799-2 

6*4*3 

818-3 

647*5 

6715 

79 

7988 

591*8 

8I5-3 

613*1 

832*8 

635*3 

85i*3 

658-5 

870*8 

482-7 

891*6 

708-1 

9-3*7 

734*7 

80 

877*8 

652*4 

8959 

6759 

915*1 

700*3 

935*4 

7*5*9 

050-6 

75**6 

979*7 

780-6 

1004 

8099 

(32 


TABLE  5 


SPHERICAL  TRAVERSE  TABUS 

1 

66° 

57° 

68° 

fi0° 

W° 

•1° 

•9° 

° 

M 

N 

M     |    N 

M     J    N 

M     |    N 

M     |    N 

M     |    N 

M 

N 

66 

319-8 

219-8 

| 

| 

1 

1 

i 

57 

3283 

228-3 

337*1  .237-2 

t 

1 

58 

337-5 

*37"3 

346-5  |*46-4 

356-1 

256*1 

f 

j 

■ 

69 

347-2 

2467 

356-5  .256-3 

366-4 

266-3 

377*o 

277*0 

60 

357*7 

456-8 

367*2  |266-j 

377*4 

277-2 

383-3 

288*3 

400*0  '300-0 

61 

3689 

267-5 

378-7  J277'8 

389*5 

2887 

400-5 

300-2 

4ii*5  (3'i*5 

4i5*5 

3*55 

62 

380-9 

178*8 

391*1 

289-6 

402*0  301*0 

4136 

3i3*o 

426-0  325-8 

439*4 

339*3 

453*7 

353*7 

63 

3939 

291-0 

404*4 

302*»2 

4*5*7 

314*1 

427-7 

326-6 

440*5  |339*9 

454*3 

354*1 

469-2 

369-1 

64 

407-9 

303-9 

418*8 

3*5*7 

430*5 

328*1 

442-9 

3411 

456-1  355-1 

47o-5 

36  ,-9 

485*9 

385*6 

6ft 

423-1 

3*7*9 

434*o 

330-2 

446-5 

343*1 

459*4 

356-9 

473*i  371*4 

488-1 

386-9 

504-0 

403-3 

66 

439*7 

333'° 

45**4 

345*9 

464*0 

359*4 

477*4 

373* 

49i*7  i389*o 

5°7*i 

405*1 

513-7 

4114 

67 

457*7 

349*3 

469*9 

3628 

483*o 

377*o 

4969 

39**1 

511*9,398*8 

527*9  425-0 

545*i 

443*  1 

68 

477*4 

3669 

490-1 

381*1 

503*7 

396*i 

5i8*3 

411-9 

533*9  4i8-7 

550*6 

446*5 

568*6 

46r5 

60 

4990 

3862 

512-3 

401-1 

526*6  4169 
551*7  4i9*7 

541*8 

433*6 

5581  451-2 

575*6 

470*0 

594*4 

4899 

70 

5229 

4<>7*3 

536-8  4*3*" 

567-7 

457*3 

584*8  '475-9 

603*1 

495*7 

622-8 

516-7 

71 

549*3 

4306 

564*0  I4471 
594*i  -4739 

579*6  464*8 

596*4 

483*3 

6i4*3 

503*0 

633*6 

5i3*9 

6543  I546i 

72 

578*7 

456*3 

610*7 

491*5 

6283 

512-2 

647*2 

533-1 

667.5 

555*i 

689*3  !57«  8 

73 

6n-6 

484-9 

628*0  503-7 

645*4 

513-4 

664-1 

544*4 

684*1 

566-7 

705*5 

590*1 

728*5  615-2 

74 

6488 

517-0 

666*i 

537*o 

684*6.558*1 

704-4 

580*5 

7156 

604*0 

748-3 

629-1 

771*8 

655*9 

75 

690*9 

553*3 

709-4 

574*7 

729-1  |597-3 

756*2 

6n-i 

771*7 

646*4 

796*9 

673*3 

823-0 

7°  i*9 

76 

739'* 

594-6 

758*9 

6176 

780-0  641-9 

802-6 

667*5 

826*7 

694-7 

851*6 

713*6 

880*5 

754*3 

77 

795*0 

642*2 

816*2 

667-0 

8389  |693'i 

863*1 

720*9 

889-1 

750-2 

916*9 

781*4 

9469  814*6 

78 

86o-i 

697-5 

883*1 

724-5 

0076  752-9 

933*9 

783*0 

9619 

814-9 

992*1 

848-8 

1024    884*8 
1 1 16    !o67-6 

70 

937-2 

762-7 

962*3 

792-2 

989-0  |823*3 

1018 

856*2 

1048 

891*1 

108 1 

928*1 

80 

1030 

840*8 

1057 

873*3 

1087   J9°7-6 

xn8 

943*9 

1151 

982*3 

xi88 

1023 

1227    \*°67 

63° 

64° 

6ft° 

66° 

6i 

N 

63° 

60° 

o 

M 

N 

M 

N 

M 

N 

M 

N 

M 

M 

N 

M     |    N 

63 

485-2 

385*1 

64 

502-5 

4024 

520-4 

4204 

6ft 

521-2 

420-9 

539*8 

439*7 

559*9 

459*9 

66 

54'*6 

44o-8 

560-9  460-5 

581*8 

481-7 

604*5 

504*5 

67 

5^37 

4624 

583*8 
608  9 

483*0 

605-6 

505-2 

629*2 

5*9*1 

655*0 

555*° 

68 

588-0 

485*8 

507*5 

6316 

530*8 

656*3 

555*9 

6832 

5831 

712*6 

6126 

60 

614-6 

511-3 

636*5 

534' 

660-3 

558*7 

686-i 

595*i 

714*1 

6i3*7 

744*9 

644-8 

778*6 

6786 

70 

644-0 

539*i 

667-0 

563*3 

691-8 

5891 

718-9 

617*1 

748-3 

647-5 

780*5 

68o*o 

8i5*9 

715*7 

71 

676-6 

570-0 

700-7 

595*4 

726-8  622-8 

755*i 

652*3 

786-1 

6842 

8i9*9 

718*8 

857*1  1756*6 

72 

712-8 

604*0 

738-1 

631-0 

765*7 

660*0 

795*6 

691-3 

8282 

7i5*i 

8639 

761*7 

903*0  !8oi-8 

73 

753*4 

6419 

780-2 

670*6 

809-3 

701-4 

8409 

734*6 

875*3 

770-6 

9i3*o 

809-6 

954-4|85**i 

74 

799-1 

684-4 

8276 

715-0 

8584 

747'9 

892-0 

78.3*3 

9*8-5 

8216 

968-5 

863*2 

100a    908*5 

7ft 

851-0 

73i*5 

881-4 

765-1 

9*4*i 

800-4 

949*9 

838*2 

9888 

879*1 

103 1 

913*7 

1078   \$7%'t 

76 

9105 

787-1 

941*9 

822-3 

978- 1 

860' 1 

1016 

900-8 

1058 

944*9 

1 103 

99i*7 

"53    I1045 

77 

979*1 

850-1 

1014 

888*1 

1052    928*9 

1093 

971*9 

1138 

X020 

1187 

1072 

X241    11128 

78 

1059 

913*3 

1097 

964*6 

1087 

1009 

1183 

1057 

1231 

1 108 

1284 

1164 

1342    11226 

79 

1154 

IOIO 

1 196 

1055 

1240 

1 103 

1288 

!»55 

1 341 

1212 

1399 

ii73 

146a   11340 

80 

1268 

1113 

13H 

1x63 

1363 

1216 

1416 

ii74 

H74 

1336 

1537 

1404 

1607    '1477 

0 

70° 

71° 

72° 

73° 

7< 

1° 

76° 

76° 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

70 

854-9 

754*9 

71 

898- 1 

797*9 

943*5 

843*5 

72 

946-2 

845-6 

994-0 

893*8 

1047  J947-2 

73 

1000 

898-6 

105 1 

949*9 

1 107 

1008 

1170 

1070 

74 

106 1 

958*1 

1114 

1013 

1 174 

1073 

1241 

1141 

1316 

!2l6 

7ft 

1 1 30 

1025 

1187 

1084 

125c 

1 149 

1321 

1221 

1401 

I3OI 

1493 

1394 

76 

1209 

1102 

1270 

1165 

1338 

1234 

1414 

1312 

1500 

1399 

1597 

1497 

1709     1609 

77 

1300    1190 

1366   11258 

1439 

1333 

1520 

1417 

1613 

15" 

1718 

1617 

1838 

t737 

78 

1406   I1293 

1477   11366 

1556 

1448 

1645 

1539 

1745 

164I 

1858 

1756 

1988 

1887 

7« 

1532   I1413 

1610    1494 

1696 

1583  1  1793 

1683 

1901 

1794 

2025 

1920 

2116 

2063 

80  1 1684  (1558 

1769   I1647 

1864 

1745      i97o 

1856 

2089 

1978 

2225 

1117 

2380 

**75 
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MERIDIONAL  PARTS 


1 


• 

LATITUDE 

/ 

a3 

1° 

1° 

*° 

4° 

5° 

6° 

7° 

8°  |  9° 

10° 

11° 

I2<* 

13° 

14° 

15° 

16° 

17° 

13° 

0 

2 
3 

4 
5 
6 

7 

8 
0 

o 

X 
2 

3 
4 
c 
€ 

7 
8 

9 

60 
bi 
62 

63 
64 

65 
66 

67 
68 
69 

120 
121 
122 
123 
124 

\\l 

127 
128 
129 

180 
181 
182 
183 
184 
185 
186 
187 
18S 
189 

240 
241 
242 

243 
244 
24s 
246 

247 
248 
249 

300 
301 
302 

303 
304 

305 
306 

3°7 
308 
309 

361 
362 
363 
364 

365 
366 

367 
368 
369 
37o 

4*' 
422 

4*3 
4*4 
4*5 
426 

4*7 
428 

4*9 
430 

482 
483 
484 
485 
486 

487 
488 

489 
490 
491 

54* 
543 
544 
545 
546 
547 
548 
549 
550 
55' 

603 
604 
605 
606 
607 
608 
609 
610 
611 
612 

664 
665 
666 
667 
668 
669 
670 

67' 

672 

673 

7*5 
7*6 
7*7 
7*8 

7*9 
730 
731 
73* 
734 
735 

787 
788 

789 
790 

79' 
79* 
793 
794 
795 
796 

848 
850 
851 
852 
853 
854 
855 
856 

857 
858 

910 
9" 
9'3 
914 

9'5 
9x6 

9'7 
918 
919 
920 

973 
974 
975 
976 

977 
978 

979 
980 
981 
982 

1035 
1036 
1037 
1038 
1039 
1041 
1042 
1043 
1044 
1045 

1098 
1099 
nee 

IIOl 

1102 
1103 
1 105 
1106 
1 1 07 
j  108 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

IO 

ii 

12 

'3 

«4 

'5 
16 

'7 
18 

'9 

70 

7i 
72 

73 
74 
75 
76 
77 
78 
79 

130 
131 
'3* 
'33 
"34 
»35 
136 

137 
138 

'39 

190 
191 
192 

193 
194 

,9I 
196 

'97 
198 

'99 

250 
251 
252 
253 
*54 
*55 
256 

2Sl 
258 

*59 

310 

3" 
312 

3»3 
3'4 
3'5 
316 
317 
318 
319 

37' 
37* 
373 
374 
375 
376 
377 
378 

379 
380 

43' 
43* 
433 
434 
435 
436 

437 
438 

439 
440 

441 
44* 
443 
444 
445 
446 

447 
448 

449 
450 

49* 
493 
494 
495 
496 

497 
498 
499 
500 
501 

55* 
553 
554 
555 
556 
557 
558 
559 
560 
56, 

613 
614 
6,5 
616 
617 
618 
619 
620 
621 
622 

674 
675 
676 
677 
678 
679 
680 
681 
682 
683 

736 
737 
738 

739 

740 

74' 
74* 
743 
744 
745 

797 
798 

799 
800 
801 
802 
803 
804 
805 
806 

859 
860 
861 
862 
863 
864 
86s 
866 
867 
868 

921 
922 
9*3 
9*4 

926 

928 

9*9 
930 

983 
984 
985 
986 

.  987 
988 
989 
990 
99' 
993 

1046 
1047 
1048 
1049 
1050 
1051 

I052 
IO53 
IO54 
I055 

1 109 
1  no 
mi 
1112 
1113 
n  14 
1115 
1116 
1117 
1118 

20 
21 
22 
23 
24 
25 
2u 
27 
28 
29 

20 
21 
22 
*3 
*4 

*5 

26 
27 
28 
29 

80 
81 
$1 

83 
84 

«5 
86 

«7 
88 
89 

140 
141 
142 
H3 
'44 
H5 
146 

H7 
148 
149 

200 
201 
202 
203 
204 
205 
206 
207 
208 
209 

260 
261 
262 
263 
264 
26c 
266 
267 
268 
269 

320 
321 
322 
3*3 
3*4 
325 
326 
327 
328 
33o 

381 
382 
383 
384 
385 
386 

387 
388 

389 
390 

502 
503 
504 

505 
506 

507 
508 
509 
510 
5" 

564 

565 
566 

567 
568 

569 

570 
571 

57* 

623 
624 
625 
626 
627 
628 
629 

63, 

632 
633 

684 
68< 
687 
688 
689 
690 
691 
692 

693 
694 

746 
747 
748 

749 
750 

75' 
75* 
753 
754 
755 

807 
808 
809 
810 
811 
812 
813 
815 
816 
817 

869 
870 
87' 
87* 
873 
874 
875 
876 

877 
878 

93' 
93* 
933 
934 
935 
936 

937 
938 
939 
94' 

994 

995 

996 

997 

998 

999 

1000 

1 00 1 

1002 

1003 

IO56 
IO57 
IO58 
IO59 
I060 
I06 1 
IO63 
I064 
I065 
IO66 

1119 
1 120 
X121 

XX22 
1123 

1 125 

XI26 
1X27 
1 128 
II29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

30 

3' 

32 

33 
34 
35 
36 

37 
38 
39 

90 
9' 
9* 
93 
94 
95 
96 

97 
98 
99 

150 

151 
152 

153 
'54 
155 
156 

157 
158 

'59 

210 
2ix 
112 

*'3 
214 
215 
216 
217 
218 
219 

270 
271 
272 
273 
274 
275 
276 
277 
278 
279 

33» 
332 

333 
334 
335 
336 

337 
338 
339 
34o 

39' 
39* 

393 
394 
395 
396 

397 
398 

399 

400 

45' 
45* 
453 
454 

456 
457 
458 

459 
460 

5'* 
5'3 
5»4 
5'5 
516 

5'7 
518 

5'9 
520 
521 

573 
574 
575 
576 
577 
578 

579 
580 
581 
58* 

634 
635 
636 

637 
638 

639 
640 
641 
642 
643 

695 
696 
697 
698 
699 
700 
701 
702 
703 
704 

756 
757 
758 

760 
761 
762 

763 
764 
765 

818 
819 
820 
821 
822 

8*3 
824 

8*5 
826 

8*7 

879 
880 
882 
883 
884 
885 
886 
887 
888 
889 

94* 
943 
944 
945 
946 

947 
948 

949 

950 

95' 

1004 
1005 
1006 
1007 
1008 
1009 

IOIO 
XOII 

IOX2 

10x3 

IO67 
I068 
I069 
IO7O 
IO7 1 
IO72 
IO73 
IO74 
IO75 
XO76 

II30 
II3I 
1132 

"33 
"34 

:;p 

"37 
1138 

"39 

40 
41 
42 
43 
44 
45 
4G 
47 
48 
49 

40 

4i 

42 

43 
44 
45 
46 

47 
48 

49 

100 
101 
102 
103 
104 

106 
107 
108 
xo« 

j  60 
161 
162 
163 
164 
165 
166 
167 
168 
169 

220 
221 
222 
223 
224 
225 
226 
227 
228 
229 

280 
281 
282 
283 
284 
285 
286 
287 
288 
189 

34' 
34* 
343 
344 
345 
346 
347 
348 
349 
350 

401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

461 
462 
463 
464 
465 
466 
467 
468 
469 
470 

522 
5*3 
5*4 

5*6 
5*7 
5*8 
5*9 
53o 
53' 

583 
584 
585 
586 

587 
588 

589 
590 

59' 
59* 

644 
645 
646 

647 
648 
649 
650 
651 

653 

705 
706 
707 
708 
709 
710 

7" 

712 

7'3 

7 '4 

7'5 
716 

7'7 
718 

7*9 
720 
721 
722 
7*3 
7*4 

766 

767 
768 
769 
770 
77i 
77* 
773 
774 
775 

828 
829 
830 
831 
832 

833 
834 
835 
836 

837 

890 
891 
892 

893 
894 
895 
896 

897 
898 
899 

95* 
953 
954 

951 
956 

958 

959 
960 
961 

1014 

iois 
1016 
1018 
1019 
1020 

I02I 
1022 
X023 
IO24 

IO77 
IO78 

'©79 
1080 
108 1 
1082 
1084 
1085 
1086 
1087 
1088" 
X089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 

1140 

1 141 

1 142 
"44 

1 145 

1 146 

"47 
1x48 

"49 

ijf.i 
1152 

'-'53 
"54 

Y,li 

"57 
lie* 

"591 

H 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

SO 
5i 
5* 
53 
54 
55 
5* 
5' 
5^ 
55 

no 
in 
112 

"3 

114 

"5 
116 
117 
118 
u9 

170 
'7' 
172 

'73 
»74 

176 
177 
17* 
179 

230 
231 
232 
*33 
434 

236 
237 
138 
239 

290 
291 
292 
293 
294 
295 
296 
297 
298 
299 

35' 
35* 
353 
354 

III 

357 
358 
3« 
360 

411 
412 

4'3 
414 

416 

4'7 
418 
419 
420 

47' 
47* 
473 
474 
476 
477 
478 

479 
480 
481 

53* 
533 
534 
535 
536 
537 
538 

539 

540 

54' 

593 
594 

596 
597 
598 
599 
600 
601 
602 

654 

655 
656 

657 
658 
659 
660 
661 
662 
663 

777 
778 

779 
780 

781 

782 
783 
784 
785 
786 

838 
839 
840 
841 
842 
843 
844 
845 
846 

847 

900 
901 

902 

903 
904 

906 
907 
908 
909 

962 

963 
964 
965 
966 
968 
969 
970 

97' 
972 

1026 
I027 
I028 
IO29 
IO3O 
IO3  I 
IO32 
XO33 
IO34 

' 

0°j  1°'  2°  |  S° 

4° 

5° 

6° 

7° 

8° 

9° 

10° 

11° 

12° 

13° 

14° 

15° 

16° 

17°  j  18°  1 

634 


TABLE  6 


MERIDIONAL  PARTS                       1 

LATITUDE 

|  32°  fa^ 

' 

19° 

90° 

%\* 

29° 

230 

24° 

25° 

26° 

rt* 

28° 

29° 

30° 

91° 

0 

1 

2 
3 
4 
5 
ft 
7 
8 
9 

n6i 
1163 

,.64 

1 165 
1166 

1 167 

1 168 
1169 
1170 
1171 

1225 
1226 
1227 
1228 
1229 
1230 
1232 

"33 
1234 

"35 

1289 
1290 
1291 
1292 

1293 
1295 

1296 

1297 
1298 
1299 

1354 
1355 

1356 

'357 
1358 

"359 
1360 
1361 
1362 
1363 

1419 
1420 
142 1 
1422 
"4*3 
"4*4 
'4*5 
1426 

"4*7 
1428 

1484 
1485 
i486 
1487 
1488 
1490 
1491 
"49* 
H93 
"494 

1550 

'55' 
'55* 
'553 
"554 
"55* 
"557 
1558 

"559 
1560 

1616 
1618 
1619 
1620 
1621 
1622 
1623 
1624 
1625 
1626 

1684 
1685 
1686 
1687 

1688 

1689 
1690 
1691 

1693 
1694 

'75' 

1752 

'753 
'755 
1756 

'757 
'75* 
'759 
1760 
1761 

1819 
1821 
1822 
1823 
1824 
1825 
1826 
1827 
1829 
1830 

1888 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1898 
1899 

1958  2028 

1959  2030 
i960  2031 

1962  2032 

1963  2033 

1964  2034 
196c  2035 
1966  2037 
1967 1 2038 
1969 1 2039 

2100 
2101 
2102 
2103 
2104 
2105 
2107 
2108 
2109 
2110 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 

1172 

1173 
1 174 

"75 

1176 

1177 
1178 
1 179 
1181 
1182 

1236 

"37 
1238 
1239 
1240 
1241 
1242 

"43 
1244 
1245 

1300 
1301 
1302 

"303 
1304 
1 30  c 

1300 
1307 
1308 
1310 

1364 
1366 
1367 
1368 
1369 
1370 
»37i 
"37* 
"373 
"374 

1430 
"43" 
"43* 
'433 
"434 
"435 
1436 

"437 
1438 

"439 

'495 
1496 

'497 
1498 

'499 
1500 
1502 
1503 
1504 
1505 

1561 
1562 
1563 
1564 
1565 
1567 
1568 
1569 
1570 
'57'. 

1628 
1629 
1630 
1631 
1632 
1633 

'634 
1635 

'637 
1638 

1695 

1696 

1697 
1698 
1699 

1700 
1701 

1703 

1704 
1705 

1762 
1764 
1765 
1766 
1767 
1768 
1769 
1770 
'77* 
'773 

1831 
1832 
1833 
1834 
1835 
1837 
1838 
1839 
1840 
1841 

1900 
190 1 
1902 
1903 
1905 
1906 
1907 
1908 
1909 
1910 

1970 
'97' 
'97* 
'973 
'974 
1976 

'977 
'97* 
'979 
1980 

2040 
2041 

2043 
2044 
2045 

2046 

*047 
204* 
2050 
2051 

2111 
2113 
2114 
2iij 
2 1 16 
2117 
2119 
2120 
2121 
2122 

90 
91 
99 

93 
94 

36 
96 
97 
98 
29 

1183 
1 184 
1185 

1186 
1187 
1188 
1189 
2190 
1191 
1192 

1246 
1248 
1249 
1250 
1251 
1252 
1253 
1254 

1256 

1311 
1312 

"313 
1314 

'3»5 
1316 

»3«7 
1318 
1319 
1320 

I372 

1376 
"377 
"379 
1380 
1381 
1382 
1383 
1384 
1385 

1440 
1441 
"443 
'444 
"445 
1446 

"447 
1448 

"449 
1450 

1506 
1507 
M08 
1509 
1510 
1511 
'5'3 
"5»4 

»5'5 

15.6 

'57* 
'573 
'574 
»S75 
1577 
'578 

'579 
1580 
1581 
1582 

1639 
1640 
1641 
1642 

'*43 
1644 
1645 
1647 
1648 
i64? 

1706 

1707 
1708 
1709 
1711 

1712 
'7'3 
1714 

1716 

'774 
1775 
1776 

"777 
'778 
1780 
1781 
1782 

'7*3 
1784 

1842 
1843 
1845 
1846 
1847 
1848 
1849 
1850 
1852 
1853 

1912 
1913 
1914 
1915 
1916 
1917 
1918 
1920 
1921 
1922 

1981 
'9*3 
'9*4 
'9*5 
1986 

'9*7 
19& 
1990 
"99" 
"99* 

2052 
2053 
2054 
2056 
2057 
2058 
2059 
2060 
2061 
2063 

2123 

SMC 

2126 
2127 
2128 
2129 
2131 
2132 

*"33 
2134 

30 
31 
32 
33 
34 
36 
36 
37 
38 
89 

1193 
1194 
u9f 
1 196 

1 198 

1 199 
1200 
1201 
120Z 
1203 

1257 
1258 

1260 
1261 
1262 
1264 
1265 
1266 
1267 

1321 
1322 
1314 
"3*5 

1326 
1327 
1318 
1329 
1330 
'33' 

1386 
1387 
1388 
1389 
1390 
1392 
"393 
"394 
'395 
1396 

"45" 
"45* 

"453 

1456 

"457 
1458 

'459 
1460 
146 1 

«5«7 

1518 
1519 

1520 
1521 
1522 
"5*4 
"5*5 
1526 

1527 

1583 
1584 
1585 
1586 
1588 

'5*9 
1590 

'59' 
1592 

'593 

1650 
1651 
1652 
1653 

© 

1657 
1658 
1659 
1660 

1717 
1718 
1720 
1721 
17*2 

'7*3 
1724 

'7*5 
1726 

'7*7 

1785 
1786 
1787 
1789 
1790 
1791 
'79* 
'793 
'794 
1795 

1854 
1855 
1856 
1857 
1858 
i860 
1861 
1862 
1863 
1864 

'9*3 
'9*4 
'9*5 
'9*7 
1928 

'9*9 
1930 
1931 
'93* 
'934 

'993 
'994 
*995 
'997 
'99* 
'999 
2000 

2CO! 
2002 
2OO4 

2064 
206$ 
2066 
2067 
2069 
2070 
2071 
2072 
2073 
4075 

*'35 

*'37 
2138 

*'39 
214c 
2141 
2143 
*'44 
*"45 
214$ 

40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

1204 
1205 
1206 
12C7 
1208 
1209 

I2IO 
I2II 
1212 
1213 

1268 
1269 
1270 
1271 
1272 

1273 
1274 
1275 
1276 

1*77 

1332 
1333 
1334 
1335 
1336 
1338 

1339 
1340 

>34' 
1341 

"397 
1398 

"399 
1400 
140 1 
1402 
1403 
1405 
1406 
1407 

1462 
1463 
1464 
1465 
1467 
1468 
1469 
1470 
"47" 
"47* 

1528 

"5*9 
1530 

«53» 
"53* 
«533 
»535 
1536 

"537 
1538 

'594 
»595 
1596 
1598 

'599 
1600 
1601 
1602 
1603 
1604 

1661 
1662 
1663 
1664 
1666 
1667 
1668 
1669 
1670" 
1671 

'7*9 
1730 
1731 
'73* 
'733 
'734 
'735 
1736 

1738 
'739 

'797 
179* 
'799 
1800 
1801 
1802 
1803 
1805 
1806 
1807 

1865 
1866 
1868 
1869 
1870 
1871 
1872 
1873 

1*75 
1876 

'935 
1936 

'937 
'93* 
'939 
'94' 
1942 

'943 
'944 
'945 

200  C 

2006 
»007 
2008 
20  TO 
201I 
20I2 
2OI3 
2OI4 
2015 

2076 
2077 
2078 
2079 
2080 
2082 
2083 
2084 
2085 
2086 

*"47 
2149 
2150 
2151 
2152 
2153 

*'55 
2156 

*'57 
2158 

60 
61 
62 
53 
64 
56 
56 
57 
58 
59 

1215 
I2l6 
1117 
I2l8 
I219 
I220 
122 1 
1222 
1223 
1224 

1278 

1280 
1281 
T182 

1283 

1284 

1285 

1286 
1287 
1288 

1343 
'344 
1345 
1346 

'347 
1348 

1349 
1350 
1352 
'353 

1408 
1409 
1410 
141 1 
1412 
1413 
1414 
1415 
1416 
1418 

H73 
»474 
"475 
1476 

"477 
'479 
1480 
148 1 
1482 
1483 

'539 
1540 

'54' 

'54* 
'543 
'544 
1546 

'547 
1548 
"549 

1605 
1606 
1608 
1609 
1610 
1611 
1612 
1613 
1614 
1615 

1672 
1673 
1675 
1676 
1677 
1678 
1679 
1680 
1681 
1682 

1740 
i74i 
'74* 
'743 
'744 
1746 

'747 
1748 
'749 
1750 

27° 

1808 
1809 
1810 
1811 
1813 
1814 
1815 
1816 
1817 
1818 

'*77 
1878 
1879 
1880 
1881 
1883 
1884 
1885 
1886 
1887 

1946 
'94* 
'949 
1950 

'95' 
1952 

'953 
'955 
1956 

'957 

2017 
20l8 
2OI9 
2020 
2021 
2022 
2024 
2025 
2026 
2027 

2088 
20S9 
2090 
20QI 
2092 
2094 
2095 
2096 
2097 
2098 

*'S9 
2161 
2162 
2163 
2164 
2165 
2167 
2168 
2169 

2tTO 

i 

10°  I  20° 

21° 

92° 

23° 

24° 

25° 

26° 

28° 

29°  |  30° 

31° 

32° 

sv- 

TABLE  6. 
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MERIDIONAL  PARTS 

LATITUDE 

/ 

34° 

35° 

36° 

37° 

38° 

89° 

40° 

41° 

42° 

43° 

44° 

45° 

46° 

47° 

48° 

0 

1 

2 
3 
4 
5 
6 
7 
8 
9 

1171 
1173 
2174 

ai7l 
2170 

2178 

1179 
2180 
2181 
2182 

2244 
2246 
2247 
2248 
2249 
2250 
22  $2 
2253 
2254 
2255 

2318 
2319 
2320 
2322 

*3*3 
2324 
2325 
2327 
2328 
232? 

*393 
a  394 
2395 
2396 
2398 
2399 
2400 
2401 
2403 
2404 

2468 
2470 
2471 
2472 
2473 

2475 
2476 
2477 
2478 
2480 

*545 
2546 
2548 

*549 
2550 
2551 
*553 
*554 
*555 
*557 

2623 
2624 
2625 
2627 
2628 
2629 
2631 
2632 

a633 
2634 

2702 
2703 
2704 
2706 
2707 
2708 
2710 
27 1 1 
2712 
2714 

2782 
2783 
2784 
2786 
2787 
2788 
2790 
2791 
2792 
2794 

2863 
2864 
2866 
1867 
2869 
2870 
2871 
2873 
2874 
2875 

2946 
*947 
*949 
2950 
2951 
*953 
*954 
2956 

*957 
2958 

3030 
3031 

3°33 
3°34 
3036 

3°37 
3038 
3040 
3°4* 
3°43 

3116 
3117 
3118 
3120 
3121 
3123 

3126 
3127 
3129 

3203 
3204 
3206 
3207 
3209 
3210 
3212 
3**3 

3216 

3292 
3*93 
3*95 
3196 
3298 

3*99 
3301 
330* 
33<>3 
33<55 

10 

12 
13 
14 
15 
16 
17 
18 
19 

21S4 
2185 
2186 
2187 
2188 
2190 
2191 
2192 
2193 
2194 

2257 
2258 
2259 
2260 
2261 
2263 
2264 
2265 
2266 
2268 

2330 
*33* 
*333 
*334 
*335 
*337 
2338 

*339 
2340 
2342 

2405 
2406 
2408 
2409 
2410 
2411 
2413 
2414 
2415 
2416 

2481 
2482 
2484 
2485 
2486 
2487 
2489 
2490 
2491 
2492 

2558 

*559 
2560 
2562 
2563 
2564 
2566 
2567 
2568 
2569 

2636 
2637 
2638 
2640 
2641 
2642 
2644 
2645 
2646 
2648 

2715 
2716 
2718 
2719 
2720 
2722 
2723 
2724 
2726 
2727 

2795 
2797 
2798 
2799 
2801 
2802 
2803 
2805 
2806 
2807 

2877 
2878 
2880 
2881 
2882 
2884 
2885 
2886 
2888 
2889 

2960 
2961 
2963 
2964 
2965 
2967 
2968 
2970 
2971 
2972 

3044 
3046 
3047 
3048 
3050 
3051 
3053 
3054 
3«>55 
3057 

3130 
3'3* 
3*33 
3'34 
3136 

3'37 
3*39 
3140 
3142 
3*43 

3**7 

3219 
3220 
3222 
3223 

3226 
3228 
3229 
3231 

3306 
3308 
3309 
33'* 
33'* 
33'4 
3316 

33*7 

33*9 

3320 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

2196 
2197 
2198 
2199 
2200 
2201 
2203 
2204 
2205 
2207 

2269 
2270 
2271 
2272 
2274 
2275 
2276 
2277 
2279 
2280 

*343 
*344 
*345 
2346 

2348 

*349 
2350 
2351 
*353 
*354 

2418 
2419 
2420 
2422 
2423 
2424 
2425 
2427 
2428 
1419 

*494 

*495 
2496 
2498 
2499 
2500 
2501 
2503 
2504 
2505 

2571 
2572 
*573 
*575 
2576 

2577 
1578 
2580 
2581 
2582 

2649 
2650 
2651 
2653 
2654 
2655 
2657 
2658 
2659 
2661 

2728 
2729 
2731 
273* 
2733 
*735 
2736 
2737 

*739 
2740 

2809 
2810 
2811 
2813 
2814 
2815 
2817 
2818 
2820 
2821 

2891 
2892 
2893 
2895 
2896 
289' 
2899 
2900 
2902 
2903 

2974 
2975 
2976 
2978 
2979 
2981 
2982 
2983 
2985 
2986 

3058 
3060 
3061 
3063 
3064 
3065 
3067 
3068 
3070 
3071 

3 '44 
3146 

3*47 
3*49 
3150 

3*5* 
3»53 

3155 
3156 

3*57 

3232 
3*34 
3*35 
3*37 
3238 
3240 
3*4i 
3*4* 
3*44 
3*45 

33** 
33*3 
33*5 
3326 

33** 
33*9 
333* 
333* 
3334 
33?5 

80 
31 
32 
33 
34 
35 
36 
37 
38 
39 

2208 

22C9 
22IO 
2211 
2213 
2214 
2215 
22l6 
2217 
2219 

2281 
2282 
2283 
2285 
2286 
2287 
2288 
2290 
2291 
2292 

2355 
2356 
2358 

*359 
2360 
2361 
2363 
2364 

2366 

2430 
2432 
*43*. 
*434 
*435 
*437 
2438 

*439 
2440 
2442 

33 

2509 

2510 
2512 

2513 
2514 
2515 

2517 
2518 

2584 
258c 
•586 
2588 
2589 
2590 
2591 
»593 
*594 
*595 

2662 
2663 
2665 
1666 

2667 
2669 
2670 
2671 
2673 
2674 

2742 
»743 
*744 
2746 
*747 
2748 
2750 

2751 
2752 

2754 

2822 
2824 
2825 
2826 
2828 
2829 
2830 
2832 
2833 
2834 

2904 
2906 
2907 
2908 
2910 
291 1 
2913 
2914 
2915 
2917 

2988 
2985 
2991 
2992 

2993 
2995 
2996 
2998 
2999 
3000 

3<>73 
3074 
3075 
3077 
3078 
3080 
3081 
3083 
3084 
3085 

3100 
3162 
3163 
3165 
3166 
3168 
3169 
3171 
3172' 

3*47 
3248 
3250 
3251 
3*53 
3*54 
3256 

3*57 
3*59 
3260 

3337 
3338 
3340 
334* 
3343 
3344 
3346 
3347 
3349 
335° 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

2220 
2221 
2222 
2224 
2225 
2226 
2227 
2228 
2*30 
2231 

2293 
2295 
2296 
2297 
2298 
2299 
2301 
2302 
2303 
2304 

2368 
2369 

2370 
*37* 
*373 
*374 
*375 
2376 
2378 
*379 

*443 
2444 
4445 
*447 
2448 

*449 
2451 
2452 
*453 
*454 

2519 
2521 

2522 

2523 
2524 

2526 

2527 
2528 
2530 

*53* 

*597 
2598 
2599 
2601 
2602 
2603 
2604 
2606 
2607 
2608 

2675 
2676 
2678 
2679 
2680 
2682 
2683 
2684 
2686 
2687 

2755 
2756 
2758 

*759 
2760 
2762 
2763 
2764 
2766 
2767 

2836 
2837 
2839 
2840 
2841 
2843 
2844 
2845 
2847 
2848 

2918 
2919 
2921 
2922 

2924 
2925 
2926 
2928 
2929 
293 * 

3002 
3003 
3005 
3006 
3007 
3009 
3010 
3012 
3013 
3014 

3087 
3088 
3090 
3091 
3093 
3094 
3095 
3097 
3098 
3100 

3*73 
3>75 
3176 

3178 

3179 
3181 
3182 
3184 
3185 
3187 

3262 

3263 
3265 
3266 
3268 
3269 
3*7* 
3*7* 
3*74 
3*75 

335* 
3353 
3355 
3350 
3358 

3359 

3361 

3362 
3364 
33«5 

50 
51 
52 
63 
54 
55 
56 
57 
58 
69 

2232 
2233 
2235 
2236 
2*37 
2238 
2239 
2241 
22A2 
2243 

2306 
2307 
2308 
2309 
2311 
2312 
2313 
2314 
2316 
2317 

2380 
2381 
2383 
2384 
2385 
2386 
2388 
2389 
2390 
2391 

2456 
*457 
2458 
*459 
2461 
2462 
1463 
2464 
2466 
2467 

2532 
*533 
*535 
2536 

*537 
2538 
2540 
2541 
2542 
*544 

2610 
2611 
2612 
2644 
2615 
2616 
2617 
2619 
2620 
2621 

2688 
2690 
2691 
2692 
2694 
2695 
2696 
2698 
2699 
2700 

2768 

2770 
2771 
2772 
2774 

2775 
2776 

2778 

2779 
2780 

2849 
2851 
2852 
2854 

*!5I 
2856 

2858 

2859 

2860 

2862 

2932 
*933 
2935 
2936 
2937 
2939 
2940 
2942 

*943 
294A 

3016 
3017 
3019 
3020 
3021 
3023 
3024 
3026 
3027 
3029 

3101 

3*°3 
3104 
3105 
3107 
3108 
3 1 10 
3111 
3113 
3**4 

3188 
3190 

3*9* 

3192 

3*94 
3195 
3197 
3198 
3200 
3201 

3*77 
3*78 
3280 
328: 
3283 
3284 
3286 
3287 

3*89 

3290 

33*7 
336S 

337o 
3371 
3373 
3374 
337* 
3378 

3379 
3381 

34° 

35° 

36° 

37°  i  38°  j  39° 

40° 

41° 

42° 

43° 

44° 

45° 

46° 

47° 

48° 

536 


TABLE  6 


1  -  -   - 

MERIDIONAL  PARTS 

LATITUDE 

t 

4!l°  1  60° 

51° 

52° 

53°  |  54° 

55° 

5C° 

57° 

58°   59° 

60° 

61° 

Cf 

63° 

0 

3381 

3474 

3569 

3665 

3764  3**5 

39** 

4074 

4183 

4*94l44<>9 

45*7 

4*49 

4775 

49°5 

1 

33*4 

3476 

3570 

3667 

37*5 

3866 

3970 

4076 

4184 

4*9*  44** 

45*9 

4*5 « 

4777 

49W 

2 

33*5 

3478 

357* 

3668 

37*7 

3868 

397' 

4077 

4186 

4298 

44*3 

453' 

4*53 

4779 

49<>9 

3 

3387 

3479 

3574 

3*7o 

3769 

3870 

3973 

4079 

4188 

4300 

44'5 

4533 

4*55 

47*' 

4912 

4 

33*8 

34*  ' 

3575 

3*7* 

3770 

3871 

3975 

4081 

4190 

4302 

44*7 

4535 

4*57 

4784 

49 '4 

5 

339° 

34*a 

3577 

3*73 

377* 

3*73 

3977 

4083 

4*9* 

4304 

44*9 

4537 

4660 

4786 

49'* 

0 

3391 

34*4 

3578 

3*75 

3774 

3*75 

3978 

4085 

4'94 

4306 

4421 

4539 

4662 

4788 

49'* 

7 

3393 

34*5 

3580 

3*77 

3775 

3*77 

3980 

4086 

4'95 

4308 

44*3 

454' 

4664 

479o 

4920 

8 

3394 

34*7 

35** 

3*7* 

3777 

3*7* 

3982 

4088 

4'97 

43<>9 

44*5 

4543 

4666 

479* 

49*3 

0 

3396 

34** 

35*3 

3680 

3779 

3880 

3984 

409c 

4'99 

43*' 

44*7 

4545 

4668 

4794 

49*5 

10 

3397 

3490 

35*5 

3681 

37*0 

3882 

3985 

4092 

4201 

43'3 

44*9 

4547  4*7o 

479* 

49*7 

11 

3399 

349* 

35*6 

3**3 

37** 

3**3 

3987 

4094 

4*03 

43*5 

443* 

4549 

4672 

4798 

49*9 

12 

3400 

3493 

35** 

3**5 

37*4 

3**5 

3989 

4095 

4205 

43*7 

4433 

455* 

4*74 

4801 

493' 

13 

3401 

3495 

3590 

3686 

3785 

3**7 

399* 

4097 

4207 

43'9 

4434 

4553 

4*7* 

4803 

4934 

14 

34<>3 

3496 

359' 

3688 

37*7 

3**9 

399* 

4«>99 

4208 

43** 

443* 

4555 

4*7* 

4805 

4936 

15 

3405 

349* 

3593 

3690 

3789 

3890 

3994 

4101 

4210 

43*3 

4438 

4557 

4680 

4807 

493* 

It 

3407 

3499 

3594 

3*9*  379o 

3892 

399* 

4103 

4212 

43*5 

4440 

4559 

4682 

4809 

4940 

17 

3408 

3501 

3596 

3*93  379* 

3*94 

3998 

4104 

4214 

43*7 

444* 

45** 

4**4 

4811 

4943 

18 

3410 

3503 

359* 

3*95 

3794 

3895 

3999 

4106 

4216 

43** 

4444 

45*4 

4**7 

4814 

4945 

J! 

•>o 

341 1 

3504 

3599 

3*9* 

3795 

3897 

4001 

4108 

4218 

4330 

444* 

45** 

4**9 

4816 

4947 

3413 

3506 

3601 

3*9* 

3797 

3899 

4003 

41 10 

4220 

433* 

4448 

45*8 

4*9' 

4818 

4949 

21 

34H 

3507 

3602 

3*99 

3799 

3901 

4005 

4112 

4221 

4334 

4450 

457o 

4*93 

4820 

495' 

22 

3416 

3509 

3604 

3701 

3800 

3902 

4006 

4**3 

4**3 

433* 

445* 

457* 

4*95 

4822 

4954 

23 

34'7 

3510 

3606 

3703 

3802 

3904 

4008 

4"5 

4**5 

433* 

4454 

4574 

4*97 

4824 

4956 

24 

34 19 

35«* 

3607 

3704 

3804 

3906 

4010 

4117 

4**7 

4340 

445* 

457* 

4*99 

4826 

495* 

25 

3420 

35'4 

3609 

3706 

3806 

3907 

4012 

41 19 

4**9 

434* 

4458 
4460 

4578 

479* 

4829 

4960 

26 

3421 

35'5 

3610 

3708 

3807 

3909 

4014 

4121 

4231 

4344 

4580 

4703 

4831 

49*3 

*7 

34*3 

3517 

3612 

3709 

3809 

3911 

4015 

4122 

4*3* 

434* 

44** 

4582 

4705 

4*33 

49*5 

28 

34*5 

35«* 

3614 

37" 

3811 

39*3 

4017 

4124 

4*34 

4347 

44*4 

45*4 

4707 

4835 

49*7 

29 

34*7 

3520 

3615 

3713 

3812 

39H 

4019 

4126 

4*3* 

4349 

4466 

45** 

4710 

4837 

49*9 

30 

3428 

3521 

3617 

37H 
371* 

3814 

3916 

4021 

4128 

4238 

435' 

44*8 

45** 

47'* 

4839 

497* 

31 

3430 

35*3 

3618 

3816 

3918 

4022 

4130 

4240 

4353 

4470 

4590 

47'4 

4842 

4974 

32 

343' 

35*5 

3620 

3717 

3817 

39*9 

4024 

4' 3* 

4242 

4355 

447* 

459* 

47** 

4*44 

4976 

33 

3433 

3526 

3622 

3719 

3819 

39*  * 

4026  4'33 

4*44 

4357 

44H 

4594 

47** 

484* 

497* 

34 

3434 

35** 

36*3 

37*' 

3821 

39*3 

4028 

4*35 

4*4* 

4359 

447* 

459* 

4720 

4848 

49*' 

35 

3436 

35*9 

3625 

37** 

3822 

39*5 

4029 

4»37 

4*47 

43*' 

44/8 

459* 

47** 

4850 

49*3 

36 

3437 

353' 

3626 

37*4 
37** 

3**4 

3926 

4031 

4'39 

4*49 

43*3 

448o 

4600 

47*4 

485* 

49*5 

37 

3439 

353* 

3628 

3X26 

39*8 

4033 

4141 

4*5' 

43*5 

4482  4602 

47** 

4855 

49*7 

38 

3440 

3534 

3630 

37*7 

3827 

393o 

4035 

4142 

4*53 

43*7 

4484 

4604 
4606 

47*8  4*57 

499o 

39 

3442 

3536 

3631 

37*9 

3829 

393* 

4037 

4'44 

4*55 

43*9 

448* 

473* 

4859 

499* 

40 

3443 

3537 

3633 

373" 

3831 

3933 

4038 

4146 

4*57 

4370 

4488 

4608 

4733 

4861 

4994 

41 

3445 

3539 

3634 

373* 

3832 

3935 

4040 

4148 

4*59 

437* 

449<5 

4610 

4735 

4863 

499* 

42 

3447 

3540 

3636 

3734 
373* 

3834 
3836 

3937 

4042 

4150 

4260 

4374 

449* 

4612 

4737 

4**5 

4999 

43 

344* 

354* 

3638 

3938 

4044 

4'5* 

4262 

437* 

4494 

4**4 

4739 

4868 

5001 

44 

3450 

3543 

3*39 

3737 

3838 

3940 

4045 

4'53 

4**4 

4378 

4495 

4616 

474* 

4870 

5003 

45 

345" 

3545 

3641 

3739 

3839 

394* 

4«>47 

4'55 

4266 

4380 

4497 

4618 

4743 

4*7* 

5005 

48 

3453 

3547 

3643 

374" 

3841 

3944 

4049 

4'57 

4268 

4382 

4499 

4620 

4745 

4*74 

5008 

47 

345* 

354* 

3*44 

374* 

3843 

3945 

4051 

4' 59 

4270 

4384 

4501 

4**3 

4747 

4*7* 

5010 

48 

355© 

3646 

3744 

3844 

3947 

4052 

4161 

4*7* 

4386 

4503 

46*5 

4750 

4*79 

5012 

40 
50 

3457 

355' 

3*47 

374* 

384* 

3949 

4054 

4162 

4*74 

4388 

4505 

4**71475* 

4881 

5014 

3459 

3553 

3*49 

3747 

3848 

395' 

4056 

4164 

4*75 

4390 

45<>7 

4**9 

4754 

4**3 

5017 

51 

3460 

3555 

3651 

374* 

3849 

395* 

4058 

4166 

4*77 

439* 

45<>9 

4*3' 

475* 

4885 

5019 

52 

3462 

355* 

3*5* 

3  SO 

3851 

3954 

4c  60 

4168 

4*79 

4394 

4511 

4*33 

475* 

4**7 

5021 

53 

3464 

355* 

3*54 

*75* 

3853 

395* 

4061 

4170 

4281 

439* 

45*3 

4*35 

4760 

4890 

5023 

54 

34*5 

3559 

3*55 

3754 

3854 

3958 

4063 

4172 

4283 

4398 

45*5 

4*37 

47** 

4892 1  5026 

55 

3467 

3561 

3*57 

3755 

3856 

3959 

4065 

4'73 

4285 

4399 

45*7 

4*39 

47*4 

489^5028 

58 

3468 

3562 

3*59 

3757 

3858 

396 1 

4067 

4»75 

4287 

4401 

45*9 

4*4* 

47** 

4*9* 

503c 

£7 

3470 

3564 

3660 

3759 
3760 

3860 

39*3 

4069 

4'77 

4289 

4403 

45** 

4*43 

4769 

4*9* 

5033 

58 

3471 

3566 

3662 

3861  3964 

4070 

4179 

4291 

4405 

45*3 

4*45 

477' 

4901 

5035 

,:>9 

3473 

35*7 

3**4 

3762  3863 !  3966 

4072 

4181 

4*9* 

4407 

45*5 

4*47 

4773 

49°3 

5°37 

' 

40° 

50° 

51° 

52° 

53° 

54° 

55° 

50*° 

57* 

58° 

59° 

60° 

«l°  62° 

C3° 

TABLE  6 


537 


MERIDIONAL  PART8 

LATITUDE 

'1 

«U°  J 

«6°  J  CO0  |  67° 

68° 

69° 

70° 

71° 

72° 

73° 

74° 

75° 

76° 

[770 

78' 

9 
1 
2 
3 
4 
* 
6 
7 
8 
9 

5039 
5042 
5044 
5046 
5049 
5051 
,5053 
'5055 
<oc8 
5060 

5179 
5181 

5184 
5186 
5188 
5191 
5193 
5195 

cioS 
5200 

53*4 
5326 
5328 
5331 
5333 
5336 
5338 
534" 

5346 

5474 
5477 
5479 
5482 

5484 
5487 
5489 
549* 
5495 
5497 

5631 

5633 
5636 
5639 
5642 
5644 

564/ 
5650 
5652 
5655 

5795 
5797 
5800 
5803 
58C6 
5809 
5811 
5814 
5817 
5820 

5966 
5969 
597* 
5975 
5978 
5981 

59*4 
5986 

59*9 
599* 

6146 
6149 
6152 
6155 
6158 
6161 
6164 
5167 
6170 
6173 

6335 
6338 
6341 

6345 
6348 
6351 

fi354 
6358 
6361 
6364 

6534 
6538 

6541 

6545 
6548 
6552 

6555 
6558 
6562 

6565 

6746 
6749 

6753 
6757 
6760 
6764 
6768 
6771 

6775 
6779 

6970 
6974 
6978 

6982 
6986 

6990 

6994 
6997 

7001 

7005 

7210 

7214 
7218 

7222 
7**7 
7*i" 
7*35 
7*39 
7*43 
7*47 

7467 

747* 
7476 

748i 
7485 
749° 
7494 
7498 
750'i 
7507 

7745 
7749 
7754 
7759 
7764 
7769 
7.». '4 
7778 
7783 
7788 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

506a 
5065 
^067 
$060 
S071 

5°74 
5076 
5078 
5081 
5083 

5203 
5205 
5207 
S210 
5212 
5214 
5217 
5219 
5222 
5224 

5348 
515' 

5353 
5356 
5358 
5361 

s*ii 

5366 
53*8 
537i 

5500 
5502 
5505 
5507 
5510 

55"3 
55'5 
5518 
5520 
55*3 

5658 
5660 
5663 
5666 
5668 
5671 

5674 
5676 
5679 
5682 

58*3 
5825 
5828 
5831 
5834 
5837 

5839 
5842 

5845 
5848 

5995 
5998 
6coi 
6004 
6007 
6010 
6013 
6016 
6019 
6022 

6177 
61X0 
6183 
6186 
6189 
6192 
6195 
6198 
6201 
6205 

6367 
6371 
6374 
*377 
6380 

63?4 
6387 
6390 
6394 
6397 

6569 
6572 

6576 

6579 

6583 

6586 
6590 

6593 
6600 

6782 
6786 
6790 
6793 
6797 
6801 
6804 
6808 
6812 
6815 

70C9 
7013 
7017 

7021 

7025 
7029 

7033 
7037 
7041 
7045 

7256 
7260 
7*64 
7268 
7*73 
7*77 
7281 
7285 
7289 

75"* 
75»6 

75*" 
75*5 
7530 

7535 
7539 
7544 
7548 
7553 

7793 
7798 
7803 
7808 
7813 
7817 
7822 
7827 
7832 
7837 

20 
21 
22 
23 
24 
25 
26 

27 

28 
29 

5085 
5088 
5090 
5092 
5095 
5°97 
5099 
5102 
5104 
5106 

5226 
5229 
5231 

5*34 
5236 

5*38 

5241 

5*43 
5246 
5249 

5373 
5376 
5378 
538o 
5383 
5385 
5388 

539° 
<393 
5395 

5526 
55*8 
553" 
5533 
5536 
5539 
554" 
5544 
5546 
5549 

5685 
5*87 
5690 

5693 
5695 
5698 
5701 

5704 
5706 
5709 

5851 

5854 
5856 

5859 
5862 
5865 
5868 
5871 

5874 
5876 

6025 
6028 
6031 
6034 
6037 
6040 
6043 
6046 
6049 
6052 

6208 
6211 
6214 
6217 
6220 
6223 
6226 
6230 
6233 
6236 

64c  0 
6403 
6407 
6410 
6413 
6417 
6420 
6423 
6427 
6430 

6603 
6607 
6610 
6614 
6617 
6621 
6624 
6628 
6631 
663S 

6819 
6823 
6826 
6830 
6834 
6838 
6841 
6845 
6849 
6853 

7048 
7052 
7056 

7060 

7064 
7068 
7072 
7076 
7080 
7C84 

7*94 
7298 
7302 
7306 
73"" 
73*5 
73'9 
73*3 
73*8 
733* 

7557 
7562 
7566 
757" 
7576 
7580 

7585 
7589 
7594 
7599 

784* 
7847 
7852 

7857 
7862 
7867 
7872 

7877 
7882 
7887 

30 
31 
32 
33 
34 
35 
3ft 
37 
38 
39 

5108 
5111 
5113 

5""5 
5118 
5120 
5122 
5125 

5"*7 
5129 

5250 
5*53 
5*55 
5258 
5260 
5263 
5265 
5267 
5270 
5272 

5398 
5401 

5403 
5406 
5408 
541 1 

54"  3 
5416 
5418 
54*" 

555* 
5554 
5557 

5559 

5562 

5565 
5567 
557o 
5573 
5575 

57"* 
57"5 
57"7 
5720 

57*3 
57*5 
57*8 
573" 
5734 
5736 

5879 
5882 
5885 
5888 
5891 

5894 
5896 

5899 
5902 

59<>5 

6055 
6058 
6c6i 
6064 
6067 
6070 
6073 
6076 
6079 
6082 

6239 
6242 
6245 
6249 
6252 
6255 
6258 
6261 
6264 
6268 

6433 
6437 
6440 
6443 
6447 
6450 
6453 
6457 
6460 
6463 

6639 
6642 
6646 
6649 
6653 
6656 
6660 
6663 
6667 
6670 

6856 
6860 
6864 
6868 
6871 
6875 
6879 
6883 
6886 
6890 

7088 
7092 
7C96 

7100 

7104 
7IC8 

7112 

7116 
7120 

7124 

733* 
734" 
7345 
7349 
7353 
7358 
7362 
7366 
737" 
7375 

7603 
7608 
7612 
7617 
7622 
762b 
7631 
7636 
7640 
7645 

7892 

7897 
7902 
7907 
7912 

79"7 
7922 

79*7 
793* 

7937 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

5132 

5"3* 
5130 

5"39 
5»4" 

5H3 
5146 
5148 
515' 
5*53 

5*75 
5*77 
5280 
5282 
5284 

5*87 
5289 

5*9* 
5*94 
5*97 

54*3 
5426 
542* 
543" 
5433 
5436 
5438 
544" 
5443 
5446 

5578 
5580 

55*3 
5586 
5588 
559" 
5594 
559* 
5>99 
5602 

5739 
574* 
5745 
5747 
575o 

5753 
5756 
5758 
576i 
5764 

5908 
59" 
59"4 
5917 

59'y 
59** 
59*5 
5928 

593" 
5934 

6085 
6088 
6091 
6094 
6097 
6100 
6103 
6106 
6109 
6112 

6271 
6274 
6277 
6280 
6283 
6287 
6290 
6293 
6296 
6299 

6467 
6470 
6473 
6477 
6480 
6483 

6487 
6490 
6494 
6497 

6674 
6677 
6681 
6685 
6688 
6692 
"95 

6699 
67O2 
67C6 

6894 
6898 
6901 
6905 
6909 
6913 
6917 
6920 
6924 
6928 

7128 
7132 
7136 
7140 

7M5 

7149 
7153 
7157 
7161 
7165 

7379 
7384 
7388 
739* 
7397 
7401 
74c6 
7410 
74 '4 
74"  9 

7650 

7654 

7659 
7664 

7668 

7673 
7678 
7683 
768- 
7692 

794* 
7948 
7953 
7958 
7963 
79*8 
7973 
7978 

7983 
7989 

50 
51 
52 
53 
54 
55 
5ft 
57 
T8 
50 

5-55 

5158 
5160 
5162 
5165 
5167 
5169 
5172 

5  "74 
5176 

5*99 
5301 

'53^4 
5306 

5309 
53" 

5316 
53"9 
53*" 

544* 
545" 

545* 

5459 
5461 

5464 
5466 
5469 
547" 

5604 
5607 
5610 
5612 
5615 
5617 
5620 
5623 
5625 
5628 

5767 
5770 

577? 
5775 
5778 
57»i 
5783 
5786 

5789 
579* 

5937 
5940 

5943 
5946 

5948 
595" 
5954 

5960 
5963 

6 1 15 
6118 
6121 
6124 
6127 
6130 
6133 
6136 
6140 
6143 

6303 
6306 
6309 
6312 
6315 
6319 
6322 
6325 
6328 
6332 

6500 
6504 
6507 
6511 
6514 
6517 
6521 
6524 
6528 
6531 

67IO 
67I3 
6717 
6720 
6724 
6728 
673I 

6735 
6738 
6742 

6932 
6936 
6940 
6943 
6947 
6951 
6955 

6963 
6966 

7169 
7»73 
7177 
7181 
7185 
7189 

7"94 
7198 

7202 
7206 

74*3 
74*7 
743* 
743* 
744" 
7445 
7449 
7454 
7458 
7463 

7697 
77C2 
7706 

77"" 
7716 

77*" 

77*5 
773o 
7735 
7740 

7994 
7999 
8CC4 
8CC9 
8014 
802c 
8025 
8030 

8°35 
&040 

/ 

84° 

85° 

68° 

67° 

68° 

69° 

70° 

71° 

72° 

73° 

74° 

75° 

76° 

77° 

78° 

533 


TABLE  7 


FOR  FINDING  THE  DISTANCE  OV  AN  OBJECT, 

BY  TWO  BEARINGS  AND  TUB  DISTANCE  RUN  BETWEEN  THEM. 

between 
uirae  and 
Bearing. 

Difference  between  the  Course  and  the  1st  Bearing. 

^5-3 

Points. 

Points. 

i 
2 

24 

3  |l4 

4 

<l 

5    |  54 

6 

•4  I   7 

74 

8 

«4 

9 

94 

10 

34 

roo 

1 

4 

I'OO, 

1 

H 

o*8iiii3 

5 

0*69 

I'OO 

»*45 

*4 

o#6o 

0-85 

1-17 

r66 

It 

0-54 

0-74 

I'OO 

i*35 

r85 

«4 

o*49 

0*67 

o-88 

114 

v$o 

2*02 

1 

7 

0*46 

o-6i 

0-79 

roo 

1-27 

1*64 

2-17 

74 

0-43 

o'57 

0-72 

0*90 

I'll 

1-39 

i*77 

2-30 

8 

0*41 

!o*53 

0*67 

0-82 

I'OO 

1*22 

1  50 

i'X7 

241 

2-50 

84 

0*40 

0-51 

0*63 

0-76 

0*92 

1*09 

131 

i'58 

1-96 

0 

0-39 

o-49 
0*48 

o'6o 

0*72 

0*85 

I'OO 

118 

139 

i-66 

2-03 

256 

1 

91 

0-38 

0*58 

0*69 

o*8o 

O93 

1-08 

1-25 

1-46 

I"72  208 

260 

10 

0*38 

o'47 

o'57 

066 

0-760-88 

I'OO 

1-14 

131 

1-51 11-76 

2'II 

261 

10* 

0-38  0-47 

©•56 

0*65 

o-74|o-84 

0-94 

i-o6 

119 

r35  i'55 

i'79 

2*12 

2-60 

11 

0-39  0-47 

0*56 

0*64 

o*72to*8i 

0-90 

I'OO 

I'll 

124  i«39 

i*57 

i*8o 

2-11 

2-56 

Hi 

0*40 

0*48 

0*56 

o-63(o-7i|o-79 
o*64'0'7i|o*78 

0-87 

0-95 

1-05 

1-15  1-27 

141 

*'5*;>79 

2-08 

2- 50 

12 

041 

0-49 

0-57 

0*85  0*92 

roo 

ro8 

1-18 

129 

1-41  1-57 

176 

2-03 

ft-41 

1  U* 

0*43 

0*51 

0*58 

0*65 

o-7i»'77 

0-83  looo 

o*97 

1-03 

I'll 

I*20  !  *29JI*4I 
1           1 

«55 

i-7*ji'9» 

TABLE  8 


53S 


TRUE  DEPRESSION  OR  DISTANCE  OP  THE     | 

SEA 

HORIZON 

Height 

DepJSquare 

Height 

Dep. 

1 
(Square 

Height 

Dep. 

Square 

Dep.  Square 

1  lft 

i' 

1 

3293ft 

61' 

3721 

12966* 

121' 

14641 

181'  32761 

a- 5 

2 

4 

3403 

62 

3844 

13183 

122 

14884 

182 

33124 

80 

3 

9 

3513 

63 

3969 

13397 

123 

15129 

183 

33489 

142 

4 

16 

3624 

64 

4096 

13615 

124 

'5376 

184 

33856 

»•! 

5 

*5 

3740 

65 

4225 

13836 

**5 

15625 

ll* 

34*»5 

31  9 

6 

36 

3855 

66 

4356 

14061 

126 

15876 
16119 

186 

34596 

433 

7 

49 

3974 

67 

4489 

14282 

127 

187 

34969 

666 

8 

64 

4093 

68 

4624 

14502 

128 

16384 

188 

35344 

71-7 

9 

81 

4213 

69 

4761 

W737 

129 

1 664 1 

189 

357*' 

886 
107 

IO 

ii 

too 

4337 

70 

4900 

14970 

130 

16900 

190 

36100 

121 

4461 

71 

5041 

15197 

13' 

17161 

191 

36481 

127 

la 

144 

4587 

7* 

5184 

15429 

13* 

17424 

192 

36864 

149 

'3 

169 

4716 

73 

53*9 

16664 

'33 

17689 

'93 

37*49 

173 

'4 

196 

4846 

74 

5476 

15901 

'34 

17956 

194 

37636 

IW 

15 

225 

4976 

U 

5625 

16139 

'35 

18225 

'95 

38025 

226 

16 

256 

5112 

5776 

16380 

.36 

18496 

196 

38416 

256 

»7 

289 

5249 

77 

5929 

16622 

'37 

18769 

'97 

38809 

2«7 

18 

324 

5385 

7« 

6084 

16866 

138 

19044 

198 

39204 

510 

'9 

361 

5524 

79 

6241 

17111 

'39 

19321 

1991  396c  1 

354 
3!H) 

20 

400 

5665   80 

6400 

17362 

140 

19600 

200 

40000 

21 

441 

6808 

81 

6561 

17608 

141 

19881 

201 

40401 

428 

22 

484 

5952 

82 

6724 

17860 

142 

20164 

202 

40804 

468 

23 

529 

6098 

«3 

6889 

18111 

'43 

20449 

203 

41209 

510 

24 

576 

6246 

84 

7056 

18366 

144 

20736 

204 

41616 

550 

*5 

625 

6394 

85 

7225 

18622 

'45 

21025 

205  j  42025 

698 

26 

676 

6647 

86 

7396 

18878 

146 

21316 

206  42436 

645 

27 

729 

6700 

87 

7169 

19140 

'47 

21609 

207 '  42849 

<;sm 

28 

784 

6855 

88 

7744 

19401 

148 

11904 

208 

43264 

744 

29 

841 

7012 

89 

7921 

19664 

149 

22201 

209 

43681 

7»7 

30 

900 

7172   90 

8100 

19930 

150 

22500 

210 

44100 

850 

3* 

961 

7332 

9' 

8281 

20197 

'5' 

22801 

211 

445* » 

906 

3* 

1024 

7492 

9* 

8464 

20465 

'5* 

23104 

212 

44944 

964 

33 

K89 

7656 

93 

8649 

20736 

'53 

23409 

213 

45369 

1023 

34 

1156 

7824 

94 

8836 

21008 

»54 

23716 

214 

45796 

1084 

35 

1225 

7987 

95 

9025 

21282 

'55 

24025 

*'5 

46225 

IU7 

36 

1296 

8158 

96 

9216 

21558 

156 

*4336 

216 

46656 

1211 

37 

1369 

8330 

97 

9409 

21836 

'57 

24649 

217 

47089 

1278 

38 

1444 

8504 

98 

9604 

22115 

158 

24964 

218 

475*4 

1346 

39 

1521 

8678 

99 

9801 

22397 

'59 

25281 

219 

47961 

1416 

40 

i6co 

8852 

ICO 

IOCCO 

22680 

160 

25600 

220 

48400 

1487 

41 

1681 

9032 

101 

1 020 1 

22964 

161 

25921 

221 

48841 

1661 

4* 

1764 

9210 

IC2 

10404 

23251 

162 

26244 

222 

49184 

1636 

43 

1849 

9393 

103 

10609 

23540 

163 

26569 

223 

497*9 

1713 

44 

1936 

9577 

104 

10816 

23830 

164 

26896 

224 

50176 

1792 

45 

2025 

9760 

105 

11025 

24121 

165 

27225 

225 

50625 

1872 

46 

2116 

9951 

ic6 

11236 

24415 

166 

27556 

226 

51076 

1954 

47 

2209 

10135 

107 

1 1449 

24711 

167 

27889 

227 

51529 

2039 

48 

2304 

10325 

108 

1 1664 

25008 

168 

28224 

228 

51984 

2124 

49 

2401 

10518 

109 

11881 

25307 

169 

28561 

229 

52441 

2212 

50 

2500 

10712 

no 

12  ICO 

25608 

170 

28900 

23O 

52900 

2301 

51 

2601 

10908 

in 

I232I 

25911 

171 

29241 

23I 

5336' 

2393 

5* 

2704 

11105 

112 

12544 

26215 

172  29584 

232 

538*4 

2485 

53 

2809 

11304 

113 

I2769 

26521 

'73 

29919 

233 

54*89 

2581 

54 

2916 

11506 

114 

12996 

26829 

'74 

30276 

234 

54756 

2677 

55 

3ta5 

11709 

"5 

1322  5 

27139 

'75 

30625 

235 

55fl 

2775 

56 

,  3'36 

11913 

116 

13456 

27451 

'76 

30976 

236 

55696 

2875 

57 

3*49 

12120 

117 

I3689 

27764 

177 

31329 

237 

56169 

2977 

5« 

3364 

12328 

118 

I3924 

28079 

178 

31684 

238 

56644 

3081 

59 

3481 

12538 

119 

I4161 

28396 

'79 

32041 

239 

57'*' 

9186 

60 

3600 

12749 

120 

1 44  co 

28715 

180 

32400 

240 

57600 

TABLE  9 


N?  or  FEET 

SUBTENDING  AN 

ANGLE  OF  1'. 

Dist.in 

Miles. 

'  Feet. 

1 

'•77 

2 

354 

3 

5*3" 

4 

7#oS 

5 

8'84 

6 

10-61 

7 

12-38 

8 

14-15 

9 

1592 

10 

1769 

11 

19-46 

12 

21-23 

f3 

23'00 

14 

2477 

15 

26-53 

16 

2830 

17 

3*-  07 

18 

31*84 

19 

3361 

20 

35*38 

21 

37*15 

22 

38-92 

23 

4069 

24 

42-46 

25 

44*3 

20 

46*00 

27 

47*76 

28 

49*53 

2!) 

51-30 

30 

5307 

640 


TABLE   10 


INDEX  TO  MARITIME  POSITIONS. 


A 

AdfUide 

Aito,  Gulf  

Admiralty  Ids. 

Adriatic    

Africa,  North  coat>t 

„     North-west  coast    

H      West  coast 

„     South  coast 

„     East  coast   

Alacranes 

Alaska 

Aleutian  Ids 

Algiers 

Almirante  Ids 

Amazon  Rirer 

Americi,  North    < 

„  „      North  const 

„  tf      East  coast 

„  „      Wes- coast   

„  „      Gulf  of  Mexico 

America,  South    

„  „       Est  coast 

„  „       West  coast   

„        Central 

Amsterdam  Id 

Amur  River 

Antarctit  Ocean  

Antigua 

Arabia  

Archipelago,  Arctic 

„  Grecian 

„  Great  Eastern    < 

Arctic  Sea i 

Argentina 

Ami  Ids 

Ascension 

Asia,  North-ea*t  co**t 

„     North  co*st 

Asia  Minor  

Auckland  I  ilea 

Austral  L*los    

Ausralia,  North  const    

„         North-west  coast  ......... 

„         West  coast 

„         South  coast 

„         East  coast  

„  North -east  const 

„         It- lands  and  Shoals  Ea<t- 1 

ward  of. J 

Azores  

B 

Baffin's  lay 

Bahama  lis.. 

Balearic  lsl/n  • 

Bampton  £taal    

Banda  Set    

„       Ids.    ♦ 


COLUMN 
IO$ 

50 

13* 
27    29 

37-39 
4i-43# 
43  46 
46.47 
47-50 

160 
179-182 

180 

38-39 

56.57 

164 

143  153 

175-182 

143.  »4t 

149-153 

175-182 

158.  159 
164-174 
164-168 
170-174 
"74-  175 

58 

79 

169 

157 

53 

I39-M3 

3»-3* 

63-66 

81.99 

141-144 

182 

167 

93 

44 

80 

80 
34.35 

"7 

121 

99 
100-102 
102,  103 
103-106 
108, 109 
109-111 

112 

40 


140 

•53. 154 

22,  23 

112 

93 

94 


I 


Banka  Strait 

Bank's  Land 

Batbados  

Barrier  Hetrfs    

Barrow  Strait  

Bsshee  Ids. 

Bass  S. rait    

Bearing  Strait 

»»       Sea 

Belgium    , 

Bellona  Shoal  

Bengal,  Bay  of 

Bermudas 

Bernado  Ids. 

Black  Sea 

Bonin  Ids , 

Boothia  Gulf. 

Borneo 

Bourbon 

Bouro    

Brazil 

Brisbane    , 

British  Isles 

C 

California , 

Gulfof. 

Canaries 

Carnlia  

Cape  Colony 

Cape  Verdes 

Coraccas    

Caribbcc  Ids. 

Curimatta  Strait 

Caroline  Arch ip<  lago  

Caroline  Id,  South  Pacific... 

Celebes 

Central  America 

Ceram    

CVylon  

Chagos  Isles , 

Chatham  Ids.    , 

Chile 

China,  South  and  East  coasts 

China  Sea , 

„       „  Inlands  in , 

„     Cochin    , , 

„      Islands  East  of , 

Chiriqui 

Christmas  Id.,  Indian  Ocean  , 
„  Pacific , 

Cockburn  Id.    

Colombia  , 

Colon , 

Connecticut , 

Cook  Ids. 

Corea 

Coromandel  coast 

Corsica , 

Costa  Rica    

Cozumel 

Crozet  Isles 
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Caba 

Cumana 

Cumberland  Ida. 
Cyprus  


Danger  Id. 
Davis  Strait 
Delaware  ... 
Demerara ... 
Denmark  ... 
Dominica  ... 
Ducie  Id.  ... 


B 

Easter  Id. ........ 

Ecnador 

Egypt  

Elisabeth  Id 

Ellice  Ids 

England,  South  co.ibt 
n        West  coast 
n        East  coast .. 


Fasro  Ids.  

Falkland  Ms.    

Fernando  Noronha  < 

Fiji  Ids. , 

Flint  Ida,  

Flores    

•t    Sea 

Florida  , 

Formosa    

Fox  Id 

France,  North  coasr, 
„  West  coast  , 
„      South  coast. 

Frans  Joseph  Land  , 

Friendly  Isles   

Fandy,  Bay  of 


G 

Galapagos  Islands    .. 

Gaspar  Strait   

Georgia 

Gilbert  Isles 

Gilolo 

Grant  Land  , 

Greece  , 

Greenland , 

Grenada    

Grinnell  Land  

Guadeloupe  , 

Guatemala 

Guiana  ..♦ 

Gulf  of  Guinea 

„      St  Lawrence 


COLUMN 

«5*  155 
163 
M3 
37 


121 

140 

151 

163 

11 

158 

"7 


"7 

174 
37 
117 
123 
1,2 

2-4 
7 


6 
158 

44 
125-127 

120 
91,92 

91 

152.  158 

75 

M3 

16,  17 

18,  19 

22 

139 
124 

149 


"33 
66 
152 
123,  124 
9596 
141 

3<>,3i 
140,  141 

158 

*4i 

158 

175 
163,  164 

43*44 
1 47,  148 


Hainan  Id 

Hawaiian  Ms,  

Heard  Ids. 

Hebrides   

Hermit  Ids.  

Hindustan,  West  coast. 
„         East  coast. 

Holland 

Honduras 

Horn,  Cape  

Hudson's  Bay  ... 

Hull  Id 

Humphrey  Id.  


Iceland 

Icy,  Cape  , 

India *» 

Indian  Ocean  Ids 

„  „      Islands  off  Madagascar 

Ionian  Ids 

Ireland,  West  coast 

„       North  coast    

„       East  coast  

„       South  coast 

Italy,  West  coast 

„     South  coast 

.,     East  coast 


Jamaica 

James  R»ss  Strait. 

Jan  May  en   

Japan 

Jarvis  Id 

Java  

>.    Sea   

Juan  Fernandez  . 


Kamchatka  

Karamania    

Keeling  Isles 

Kergnelen  Liind 
Kermadec  Ids. .. 
Kuril  Isles    


Labrador  

Laccadives 

Ladrones  

Lancaster  Sound 

Lapland 

Liu-kiu  Ids 

Loui&iade  Archipelago 

Louisiana 

Low  Archipelago , 

Loyalty  Ids. , 

Luzon 


COLUMN 

7i 

134 
5* 
5 

59  60 

6c.  61 

Co 

IU>,  161 

169 

145 
121 

121 


"39 
182 

59-63 
55-58 

49 

29»30 

7.8 

8,9 

9 

9,  10 

24,25 

27 
27,28 


155 
144 

139 
76.78 

120 
89,90 

9i 

"7 


79,80 
36 
58 
58 
124 

79 


145.  »4* 

55 

«35 

>43 

16 

76 

97 

159 
117-119 

127 
82,84 


642 
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Mioiinf  Strait    ••••••••••••••••••••••< 

McClintock  Channel   , 

Madagascar  

„         Islands  North  of. 

Madeira 

Magnetic  Pole , 

Malabar  coast  

Malacca  Strait .. 

Maiden  Id.    

Maldives  

Maine   

Marquesas , 

Murshall  Ida.   

Martin  Vas  

Martinique    

Massachusetts 

Mauritius 

Meiaco  Sima  Ids 

Melbourne    

Melrille  Peninsula  

Mexico,  Golf  of 

„       Eastern  coast 

n       Western  coast  

Mindanao 

Mississippi 

Morocco    

Mosquito  coast 

Mozambique     


N 

Nassau  Td 

Navigator  Ids 

Newfound  1  j  nd 

Now  Britain 

„    Brunswick  

„    Caledonia 

„    Grenada 

„    Guinea     

„    Hampshire  

„    Hebrides 

„    Ireland  and  Islands  N.E.  of 

»    J^wey 

n    Orkneys  

„    Shetlands     

„    8outh  Wales   

n    York    

„     Zealand,  Middle  Id.   ... 

„  „         North  Id 

M  n        Stewart  Id 

Nicaragua     

Noowook 

North  Carolina 

„      Devon    

„     Somerset   

Norway > 

Nova  Scotia 

Novaya  Zcnttya  


Okhotsk  Sea. 

Oregon 

Orkneys    .... 


COLUMH 

88 
142 
48,49 
49 
39 
144 
59 
63 
120 

56 

149.  153 

120 

136 
45 
158 
i5°»  "5* 
58 
75 
106 

144 

'58.  159 
159,  160 
175.  176 

«5 

159 

39 

161 

49 


121 

122 
146,  147 
131,  132 

149 

128 

162 
97-99 

I52 
128 

«3» 

"5* 

169 

169 

108,  109 

'5» 

i>3.  "4 
115.  116 

114 

174 

143 

152 

141 

142 

1*  15 

148,  149 
16 


79 

177 

5 


Pacific  Ocean,  North 

Islands  off  West  coast  of  America 

Mands  N.W.  of  Sandwich  Ids.  ... 

IsUnds  in  Central  Pacific  

Pacific  Ocean,  South  

Islands  off  West  coast  of  Amer  ca 

Islands     North-west    of    Low) 
Archipelago / 

Islands  NJS.  of  Solomon  1-    

Palawan    

Palmerston  Id 

Panama 

„      Isthmus  

Paracel  Ids 

Parry  Ids. 

PechiliGulf 

Pelew  Ids 

Penrbrn  Id 

P»  rsiait  Galf. 

Perth,  West  Australia 

Peru 

Pescadores  Ids. 

Philippine  Ids. 

Phcsnix  Ids 

Pitcairn  Id.  

Pocklington  reef « 

Porto  Rico   • 

Prince  Albert  Land 

„      Edward's  Id 

„      Regent  Inlet    

„      of  Wales  Land 

Prussia  ...... ...^ 


Q 


Queensland 


.*....•.....»•.•«»< 


Red  Sea,  Wes'em  shore .............. 

„      „     Eastern  shore  , 

Reirnon  Id.  « 

Rhode  Id 

Rocas    

Rodrigue  • 

Russia 


8 

St.  Ambrose  Id 

„  Domingo     

„  Helena 

M  Lawrence  Gulf  

„  Lucia  

„  Paul's,  Indian  Ocean 

„      ,,      Rocks,  Atlantic   .. 

„  Thomas   

„  Vincent   

Sdghalin  Id 

SaU  y  Gomel  

Samoa  Ids.    

San  Salvador    

Santa  Cms,  West  Indies 

*        „      Islands,  Pacific 


COLPMX 
I33-"37 

'33 

134 

133 

117-133 

117 

I20 

129 
81 

122 

174 
162,  174 

7« 
141 

74 
13* 
120 

53,54 

103 
172,  173 

75 
S2-S6 

121 

117 

98 

156 

142 

148 

142 

142 
10,  11 


109,  111 


5«,52 

52.53 

121 

»5i 

44 

58 

II,  12,  16 


"7 
^55. 156 

44 
M7»  148 

158 

58 
41 

lSl 
158 

79 
117 

122 

175 

*      157 

129 
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Sardinia. 

Scotland,  East  coast    

p         We»t  coast   

Seychelles 

Shetlands 

Siam  Gulf. 

Siberia  

Singapore 

Smith's  Sound 

Society  Ida,  

Socotra 

Solomon  Ids 

Sooth  Atlantic,  Ids.  in    I 

„      Australia    

„      Carolina 

„     Georgia 

Southampton  Id 

Spain,  North  coast  

„      Sooth  const  

„      East  coast 

Spitsbergen  

Starhuck  Id. 

Sola  Sea   

Sumatra,  West  coast   

*        North-east  coast  

Samba  Id , 

Sunda  Strait „.. 

Suwarrow  Id.    ,,.  „. 

Sweden 

8yHney  

Syria 


Tartary 

Tasmania 

TemaReef   

Texaa    

Tierra  del  Fuego. 

Timor    

Tobago 

Tonquin  Gulf  .... 
Torres  Straits  .... 


23 

6,7 

4 

57 

5.6 

68 

So 

63.67 

140,  141 

119,  120 

51 
129,  130 

44.45. 
168,  169 
104.  105 

152 

168 

"43 

19.  20 

20 

21 

139 
120 
86,87 
64 
67 
93 
65 
120 

13.  14 

108 

36,37 


78.79 

107,  108 

121 

159 
169,  170 

93 

163 

70 

"*,  "3 


Trinidad,  South  Atlantic 

„         West  Indies     

Tripoli,  Africa 

»,       Syria  

Tristan  dAcunha 

Tabaai  Id.    

Tunis 

Turkey j 


Union  Ids 

United  Stales,  Western   j 

„  ,,        Eastern    

„  „        Gulf  of  Mexico  

t,  „        California    

„  M        Alaska 


Vancouver  Id 

Venezuela 

Venice  

Victoria,  Australia 

„        Land 

Virginia    

Volcano  Ids 

Vostocklds 


W 

West  Australia 

„    Indies  

Windward  Ids. 

Woltaton  Land   .... 


Vacnta*! 


COLUMN 

45 

l63c 
37,38 

36 
45 
121 

38 

32,  33<  34, 

36,37 


121 

176,  177 
179-182 

M9-I53 
158,  159 

176 
179-182 


176.  177 
162,  163 

28 

106 

142 

«5* 

"35 

120 


IOO-IO} 

153-163 
158 
142 


160 
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LATITUDES  AND  LONGITUDES 

OF  THK 

OBSERVATORIES  AND  SECONDARY  MERIDIANS, 

THE  PRIIfCIPAI. 

HEADLANDS,  PORTS,  ANCHORAGES,  ISLANDS,  AND  MOUNTAINS   IN   THIS  WORLD. 


(0 


Placet 


•2* 


SAXTX8H   IS  LBS. 

GitKtNwicn  Observatory,  1 

♦l" J 

St  Paul's  Cathedral 


Lai.  N 


Lon. 


5i°28'6 
5i  3o8] 


Greenhithe,  ferry  

Sheerness,  fl.  st. 

Chatham  Dk.  yd.,  King's  stairs 
Margate,  CD  >0\  It.  F*  851.  N  Ch. 
North  Foreland,  It.Focc.  188f. 
Ram*g<Ue,  £D«\  S  |>i«*r  It.  Fr... 

Sanduwn  Castle,  centre 

Deal,  Telegraph  Tower,  *  lh... 


BVOXtAJTO, 

Soutb  Coast. 

S.   Foreland,   2  Its.  S78°W 
I34T..F1.  (electric)  374f.,  f 
290f.    J 

Dover,  CDo8,  Castle 

Fo  kestone,  CD  !04,  (It.  F*  or  fl.  \ 
Rf.),  Ch J 

Dungeness,  It  F  107f.   

Varhe   shl..   It  v.    Wd  1«, \ 
R20-,  30f.  / 

Ridge  slil.,  Spt  T 

Rye,  CD  7.  Church 

Hastings,    %     lights,    400f.,l 
F60f.  j 

BcHchy  Hd..lt.  Fl.  285f.   

Newhaven,CDl09,WpierltF41f. 

Brighton,  pier  It.  F«  35f.  

Shoreham,  ffil0a,2  Its.  Nl°El 

750f.,  F  42t.,  F  23f.,  Tlf.   / 

Selsea  Bill,  high  ho 

Chichester,  QJ^,  Ch 

Portsmouth,  ffi,  R.  N.  Coll.,S 

Obs^kvatokt,  f  lh  j 

Southampton,  St.  Mich,  spire 
Hurst,  2  Its.  N38°E   750fMl 

F76f.  / 


51  27a 

51  268 

51  238 

51  234 

51  225 

51  "97 

51  14  3 

5"  233 


Cowcs  Castle 

St   Catherine's  Pt,  It   FI.l 

(electric)  178f.   j 

Needles  It  Occ.  80f. , 


Christchurch,  £D5,  N  entr.    ... 
Poole,  HI V,  Branksea  Castle... 

St  Alban's  Hd 

Weymouth,  fflV.  It.  Fr  23f.... 

Portland,    2     Its.     N53°W  I 

1509f,  F2l0f.,  136f. / 


51     84 

51    78 

51    48 

50  55'o 

50  562 

50  49 
50  570 

5o  5i'5 

5°  44  4| 
50  46  9. 

50  49 
50  498 

50  438 
50  502 

50  480 

50  540 

50  424J 

50  46  o 
50  345 
5°  397 

5o  43  9 
50  417, 
50  35  ! 
50  36  6| 


West 
o°  o' 

o    57 

East 

o  167 
447 
35o 
23? 
267 

255 
24? 
24-2 


I   22*5 

I  195 
I    I IO 

0  582 

1  1 6'2 

I  17 

o  435 
o  360 
o  127 

o    35 
West 
o    8 

o  14  7 

o  485 

0  467 

1  6 


242 
327 

177 
177 
355 

44? 

580 

3 

267 


50  31 2     2  27  5 


(2) 


Places 


lOOf. 


Bridport  QQ  entr.  .., 
Exmouth,  CD38°,  It  F 
Torquay,  It  Fr  1 5f..„ 

Berry  Hd.,  fl.  st 

Dar.  mouth,  ffl,  3  Its.  F 

Start  Pt,  It  Fl.  I-204f. 

Prawle  Pt  

S  tlcunbe,  CD?.  Fort  Chailes 

Bolt  Hd.,  430f ,  fl.  st 

Eddystone  It  Fl.72f. 

Plymouth,  ffl,  Mt.  Wise,  fl.  st 

brkw.,  W  end,  It  Occ,  bell 

Rame  Hd.  ^ 

Looe  Id-,  sum 

Fowev,  ffl,  Castle 

Gribbin'a  Hd.,  beac  324C 

Dodman,  379f.    

Gcrran,  spire 

Falmouth,  ffi,Petidennis  Castle 

St  Anthony,  It.  R  20*  65f. 

Black  Hd.fl.  st    

Manacles,  sum , 

Lisard,  2  Its.,  F  N72°E,  230f. 

St.  Michael's  Mt 

Penzance,  CD.  k  pier,  F*  at  wf. 
St  Lfven's  Pt,  fl.  st... 
Rundie*tone  beacon  ... 

Wolf  i.  It  R    

Longship's  It  Int  88£ 


St.  Agnes,  It.  R  1-  138f. 
St  Martin's,  Day  Mk.  .., 

St  Mary\fl.st 

Bishop  rk.,  It  Fl   110!..., 


LatN 


'Vest  Coast. 


C.  Cornwall    , 

St  Ives,  (J,  Steeple  , 

Godrcvy  Id.,  T,xum 

St  Agnes,  beac.  62 If. 

Trevose  Hd.,  It  Occ.  204f.  ... 

Padstow,  [fl,  Ch 

Pentire  Pt 

Tintagel.  Ch , 

Hrtrtland  Pt,  I,  330f.,  It.  Fl. 
Lundy  I.,  %2jm.,  2  Its.  R2-  \ 

540f.,  F470f. j 

B:defor«lv(D.orBrauiiton,lt8.  1 

S70°E933f.,Occ.93f.,44f.  / 

MortPt 

llfracombe,  CD  o°»  '*•  Fr  I27f. 
Bridge  water  (D-orBurnham,  1 

2  U*.  S70°W  1500f.,  Occ.  > 

F23f.  j 

Flalholin  I.,  S  pt,  It   Occ.i 

156f.    / 


50°42/7 
50  37 
50  28 
50  24 
50  21 

5o  13'4| 
50  12 

5o  19  3 
50  13  2 
50  10  9 
50  22-0 

50  2C*3 

50  19 

50  26 

50  19  7 
50  19-1 

50  13 
50  10*7 
88 
*'3 
0-4 
2-6 

49  57  7 

50  7o 
50  71 
50  2-3 
50  11 


50 
50 
50 
50 


4V  !>»  7 
50     4«I 

5  43^ 
5  447 

49  53  6 
49  5**o 
49  550 
49  524 

6  207 
6  i6tD 
6  1910 
6  267 

50    77 
50  128 
50  146 
50  185 
50  33 
50  325 
50  354 

50  39  8 

51  i-4 

5  425 
5  26  5 
5  240 
5  130 
5     2 
4  560 
4  557 
4  45  5 
4  31  5 

51    IOI 

4  402 

5"    45 

4  12-0 

51  114 

51  128 

4  13  7 
4     7* 

51  150 

3    00 

51  226! 

3    To 

For  Index  to  Maritime  Positions,  see  p.  540. 
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l<*> 


Places 


Great  Hangman  Hill,  1 160f.... 

Bristol,  ffl.  Cathedral 

Newpoit,  CD.Uitk  It  F  39f.  ... 

Cardiff,  ffl,  Custom  ho 

Nash  Pt,  -J  Its.  N8S°W,  F  182f. 

Mumble*,lt.F  I14f.  

Swai  sea.  CD,  pier  If.  <Fr35f.9T^ 

Worms  Hd.,  ±,I64f 

Pembrey,  CD.  It  F  35f..  rof  ... 
Ca'dyl.,^  1  Jin.,  S  pu.lt  F  \ 

210f.    J 

Sr.  Goran's  Hd..  142f.  

St  Ann'*  Its.  N41°W  610f„  \^ 

2F  192f..  159f. / 

Milford,  fflvCh 

Pembnrice  Dk.  yd.,  NW  corner 
Smalls  tks..NS  2c,  It  Int  125f. 
Grasbolm  I..  *j*  3c.,  sum.  146f. 
Ramsev  !.,NS  l^m..  sum.  444f. 
South  Bishop  rk.,  It  R  144f.. 

St.  Davi.lV  Catb,    

Strumble  Hd  

Pnceily  Top,  I754f. 

Cardigan  1.,  Jp-  4c,  sum.  195f. 

Stevple  ,' 

Aberyst with,  QJ  V,  It  F,  Castle 

Cader  Idris,  3549f. 

Snowdon.  3580f. 

Bardsey  I.  J*  l^m.,  It  Occ\ 

129f.    J 

Caernarvon,  fflV»  't  F'50f.  ... 

S.  Sack  It.  R  1$-  197t    

Holyhead,  ffl.  It.  F  2<»f.,  bell 
Skerries,  J*  l$m.,lts.  Int.  1 17f. 
Tt.  Lynus,  It  Occ.  128f.   ... 

Beaumaris,  QQ    

Great  Osme's  Hd.,  It.  F  325f. 

Hoylake,K  F3lf. 

Bidston,lt.  F228f. 

l-easowe,  It  F  94f. 

Black  rk„  It.  R'  77f. 

Liverpool,  ffl,  St  Paul's  Ch.... 

Observatory.  ♦  lh 

Cn»sby,  It  F  95f.   , 

Formby  SB  mark  

Rossell  sea  mark.  

Wyre,  It  F  SOf.,  bell 

Fleetwood,  ffl^  It  F   90f. ) 

NWextr / 

Lancaster,  Casile   , 

Waluey  L,  %  7m.,  S  pt.,  ltl 

R70f. J 

Black  Comb,  19 19f. 

S.  pt.,  Calf  of  Man 

Cwatleton,  It.  F  22f.  , 

Douglas,  It  F  104f. 

N.pU  Avre  Pt,  It  tt  I06f. 

Peel,lt.*F27f. 

St  Bees  Hd.,  It  Occ  333f.  ... 
Whitehaven,  QQ*0S,  It.  R  52f... 
Harrington,  CD,  pier  It   F  I 

44f.,-rf.  J 

Workington,  CD,  It  F  42f.  1 

Marvport.  QQ,  S  pier,  F  52  f.. 

Cailwle.  Cathedral 

Annan,  Church  , 


Lat.N 


5i°  »3' 

51  268 

51  32  4 
51  286 
51  240 
5"  340 
51  37o 
5i  31 
51  407 

51  379 
51  358 
51  410 

51  427 

51  41  8 
5i  433 
51  43  9 
51  5«7 
51  51*4 
5*  529 
52 

51  568 

52  79 
52  5"2 
52  249 

52  420 

53  41 

52  45*° 

53  8'5 
53  i8'3 
53  20-0 
53  253 
53  250 
53  15  9 

53  20-0 

53  237 
53  24  1 
53  249 
53  267 
53  24  6 
53  248 
53  3>  4 
53  323 
53  55*2 
53  573 

53  55* 

54  30 
54    29 

54  15  5 
54  32 
54  44 
54  90 
54  25-0 
54  136 
54  3o  8 
54  33*2 

54  36  7 

54  38'9 

54  430 
54  53*8 
$4  59* 


Lon.  W 


59' 
3V5 
597 
100 

33  0 

58? 

560 

20 

150 


4  4«o 

4  55*5 

5  io'5 


15 

572 
400 

187 

207 

24  5 
160 

35 
46? 

415 
395 

5? 
54  5 

4*5 


4  480 

247 
42*0 
370 
365 
17? 
5? 

5i? 
11  o 

8 

27 

595 
00 

35 
40 
3'° 
17 


3    ro 
2  48? 


105 

195 
500 

390 
280 
220 
420 
380 

357 
34? 


3  345 

3  30'5 

2  56-0 

3  IS  5 


(4) 


Places 


^ 


Southerner    

ftos<  I.,  Fl.  I75f.    

Burrow  Hd 

Mull  of  Galloway.  It  Int  325f. 
Port  Patrick,  ffi,  it  F  38f.  ... 

Corsewall  Pt.,  It  R  112f.  

L<>ugh  Ryan.  9.  It.  F  46f.    ... 

Stranraer,  Q2JJ,  Church 

Ayr,  CD  V,  3  h>  S84°E  850f.,  \ 
*;SS£.Fc / 


Weat  Coaat. 

Ailsa  Cr  .ij.%  1098f.,  It  Fl.  60f. 

Pladda,  l;a.  2F  130fM  77f. 

Ardiossiin,  ffi*g,  It.  Fl.  25f.    .. 

Irving  CC»  Ch 

Cunbraj,  It.  F  115r.  

Greenock,  9.  spire    

Port  Glasgow,  ffl,  basin    

Glusgow,  new  bridge 

Observatory  

Campliehon,  ffl,  It.  F*  18f.  ... 
Moll  of  Cantire,  It.  F  297f.  ... 

Ben  Tuirek.  1516'.    

Maol  Na  Ho.  Dun  Ard 

Rhvuns  of  Isla.  It  on  Ocr>a\ 

I.FL  I50f. / 

Colonsav  I.,  ^  6m.,  N  pt.    ... 

Oban,  9,  Church 

Lfcmorc  I..  -£■  9m.,  It  F  103f. 

Fort  William 

Ben  Nevis,  4368f.  

Dubh  Artach  rk 

Iotia  l.,/8ro.,Wpt 

I.  of  Mull,  Caliack  Pt 

Ben  More,  3168f.  

Skerryvore  rks.,  It  R  150  Tt... 

Tirey  I.,  ■&  llm.,S  extr. 

I>ubhSgeirrk 

Coll.  I„  #10m.,  fUc  E  pt.,1 

rks.  *. / 

Muke  Id.,  Innerah  It  

Rum  1.,  NS  7m.,  S  pt ..., 

Wpt 

Canna  I.,  ^  4mn  W  pt   

Skye  I.,  Neist  Pt  

Dunveg^an  lid 

Fladdachuan  Islet,  N  end 

Skeir  Grartich    „ 

Ru  Hunish 

Rn  Re.i   

Ru  Coygach   

KuStoer 

Handa  I.,  Pi'"].  400f.  sum.... 

Bulgw  1 ,  [Jm.].  I46f.  

i\  Wraih  It.  R*'4U0f. 

Far-out  Hd 

Roan  I.,  -fife-  1  jra.,  mid 

Srrathy  Hd 

Thui>o    

Holburn  Hd 

Dunnet  Hd.,  ItF  846f. 

Dnncinshy  lid 

Pintland  Skerries,  ^  l^m.9"| 

Its.  Npt,  2F  140f.,  I70f.  / 


Lar.  N 


54°52'4 
54  46 
54  41 
54  38  I 

54  503 

55  05 
54  585 

54  54  5 

55  28 


152 

256 

3*7 
368 

43 

569 

562 

5  5'  9 
5  52  7 
5  250 
5  18 
5  34 
5  35 

5  40 


8 

24*5 
275 
48 
48 

8 

187 
3*4 
255 
194 
26 
3«'5 


6  41-5 


5o 
562 

05 
3 

252 
30*8 
448 
47> 
4*5 
51-6 
8  65 
8  16 
8  230 
8  327 
8  37*5 
8  362 

8  3V3 
8  360 

!33 
8  35 
8  404 

8  39 

$8  41  2 


a  s 


Lon.  W 


3551 

5 

23 

5»? 
67 
95 

n 

2  0 


3 

4 
4 
4 
5 
5 
5 
5 

438 


70 
70 
505 
39  7 
57  8 
45'? 
41 
16 

177 
35  5 
48 

34 
18 


631 


9 
28 
36 

5 
o 

38 

267 

19" 
07 

7' 
55 

27 
27 


165 

195 
27-2 

36-5 

472 

43 
2*5 
28 
21 

487 

26 

22 

59  7 

4  45  o 

4  19? 

95 

3' 

3» 

212 


4 
3 
3 
3 
3 

2  55o 


B46 
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MARITIME  POSITIONS 


(5) 


Places 


4 


Hebrides. 

Bnrra  lid..  It.  In*.  683f.    

Barra  I.,  N  pf.  of  Fiaray 

Eiis  Kay  I.,  NS  3m.,  S  end  ... 
8.  Uwt  I.,  NS  1 7 re.,  E  pt,\ 

Ushinish,  It.  Oca  176f.  ...J 

Ru  ard  Vula,  W  pt 

Munich  I*,  RW4nUt.Fl  1501. 
Haskier  Is.,  N  Loch,  I20f.  ... 
N.  UUtL.EW  I  Sin.,  W  pt  ... 
Berncray  I..  #  3m..  N  pt    ... 

Pabbay  L,  EW  2m.,  S  pt 

Scalj*y.  Glas  I  EW  2|m.,  \ 

It.  FISof.    J 

Sbiant  I*.,  lm,NW  one, Wend 

Stornaway,  It.  It  56f. 

Chicken  lid.  

Tiumpan  Hd 

Butt  of  Lewis,  It.  F  170f. 

Gallon  Hd 

Scarpa  I.,  W  pt.     

Rona  I.,  SE  sum.  360f. 

Sulisker  I.,  S  sum 

Flannen  Is.,  Rodorlu-im 

St.  Kilda,  pk.  1220f. 

Rockal  [2c],  (a  rk.  N73°E,1 
17m.) / 

Orkney*. 

old  nd 

Kirknes* 

Grimness  Hd 

Burra  Ne*a. 

RoseneM 

MullHd 

Kirkwall,  pier  It.  F  31  f.    ...... 

Brough  of  Bir-a,  Am 

Stroniness,  fflla.  Church  

Copinsha  I.,  J*  lm.,  mid 

Auskery  I 

Stron<a  L,  *fe  7m.,  Lamb  Hd. 
Sunday  I ,  tf  1  lm.,  Tresnefc* 

Siart  It  F*  bOf. 

N.Ronaldsha  I.,  ^  3m.,  It  \ 

F  140f.    ( 

Stromnos,  or  S  pt 

Runebrake  shl - 

Moul  Hd 

NonpHd 

Sacquoy  Hd 

Stour  Roray    

S.  pt,  or  Brimn.i 


Shetland*. 

Fair  I.,  #  2m.,  A,  T ,  pk.  711  f. 
Sumburgh  Hd.,  It.  F  3'.»0f.    ... 

Mousa  I.,  *d  l£m  ,  sum 

Bard  Hd 

Lerwick,  ffl,  fort    

NossHd..  557f.  

Halsey  I.,  *J*  5m.,  S  sum.  3761. 

Out  Skerries,  It  R  I45f.    

Barra  Voc  Nt-sa 


LatN 


L00.W 


56°47fi 
57    4 
57    3 

57  18 

57  14*5 
57  3«° 
57  42  3 
57  36  2 
57  44 
57  45*3 

57  5«  4 

57  545 

58  n  5 
58  io-8 
58  157 
58  308 
58  146 

58  17 

59  70 
59    54 
58  17 
57  490 

57  36'3 


58  443 
58  482 
58  494 
58  51*4 
58  525 
58  586 

58  59'2 

59  82 
58  57'8 

58  54 

59  2 
59    49 
59  13 
59  167 

59  23  4 
59  20 
59  21 
59  230 
59  20  o 
59  120 
58  524 
58  46  4 


59  33 

59  51 
60 
60 
60 
60 

60  20 
60  25  4 
60  29  5 


6-1 
94 

83 


7°  39'? 
7  267 
7  i7'5 
7  ii'5 


275 
417 
4o7 

33* 
115 

«4*5 


6  382 

23 
22  2 

'5 

8 

•n 

10 
48-5 
«7 
39' 


8  347 


13  41-5 


55*5 
545 
52? 
510 

495 
420 

575 
200 

^7*5 
40 

34 
320 

285 
22  5 

*3? 
26 
37 
53 
40 

4? 
25  5 
13  5 


377 
170 
11 

45 
8? 
05 
o 
445 

2X) 


(•> 


Placet 


Fetlar  I.,  *fc  6m.,  E  pt 

Baltal.,  NS  I  Am.,  S  pt   

N.  ex tr.  outer  Stack  rk. 

Gloup  Holm,  3c.,  sum. 

Uya,orNEpt    

Roecness  Hill,  1476f  Wend... 

0.«*a  Skerry,  rks.  J±  4c 

Esh.i  Ness  Skerry 

Fugloo  Skerry    

Ve  Skerries,  #  lm.,  mid 

Skelda  Ness    

Fitfull  Hd..  929f.   

Foula  I ,  *fo  3m.,  w,  sum.  13691. 

Vaero  Islands. 

Monkrk.t30f.    

Suderoe  L,  *fe  5  L,  S  pt   

Grt.  Diamond     

My^gcno<8  l.,EW  4m.,  W  \  n 

extr.     Ju 

Ftigloe  I.,  NS  2jm..  E  pt...O 

Nalsoe  I.,  %  5m..  S  pt 

Thorsbavn.  It  F  35f.    - 

Haldervig  Church 


scotxjutd. 

Bast  Coast. 

Nous  Hd.,  577f„  It  R  175f.  .. 

Ord  of  Caithness,  needle  

Tain,  ffli*.  spire 

Tarbetness.  It  Int.  175f.  

Cromarty,  |Q.  spire    

Cromarty  Pt ,  It  F*  60f.   

Fort  Ge.»r^e   

Chanonry  Pt.,  It  F  40f. 

lnverne>s.  ffl,  jail  

Bur«h  Hd 

Coversea  Skerries,  It  R  I60f 

Culkn,  Castle  hill 

Banff.  CD^  N  pier,  It  Fr  28f. 

Troup  Hd.,  pt 

KinoairU's  Hd.,  It  F-'  120f.... 
FraFerhurjrh,  2  lU.  Fr  20t,  35f. 

Kattray  Pt 

Peterhead,  S  CSV,  Keiih  Inch 
Buchanness,  It  Fl.  130'.  ...... 

Aberdeen,  ffl3,1,  Observatory 

Girdleness,  2  Its.  F  JJf f.    

Stonehaven,  ffl*  2  Its.  F£  *Jf.. . . 
Montrose,  ffljjj,  Scurdy  Ness. 

It.  Ilit    124t    

RedHd.,255f    

Arbroath,  ffl,  Abbey 

Buddonncss,  2   Its.  N49°W1 

U22f.,F  I03f.,  61f. / 

Port- on  Craig,  2  Its.  S88°E*| 

132 If..  F80f..  30f.     / 

Diindee,ffl.lts.N80°W390f.,  ! 

2  Fr25»: J 

Bell  rk.,  It.  R*r  93f. 

St.  Andrews,  ffl,  Ch 

Fifene>s,  fl.  st 

Miy  I.,  %  lm..  It  FL240f.... 

1-K-ith,  ffl,  pier  Its.  F 

Edinburgh,  Ods.  Blackford  ... 


Ut.  N 


60  3V2 
60  444 
60  51  5 
60  44  2 

60  37 
<o  32 
60  3V0 
60  28  5 
60  204 

CO  22*5 

60  88 

59  54 

60  85 


61  23 

61  26  5 
01  43 

62  8 

62  TO 

61  58  S 

62  2*5 
62  1S3 


58  28-6 

58    ICT2 

57  487 

57  5>  9 

57  40  7 

57  4>o 

57  35* 

57  34  5 

S7  28  6 

57  42  1 

57  43  4 

57  4«*4 

57  40  3 

57  4«7 

57  4i*9 

57  415 

57  37 

57  3o- 1 

57  2S»2 

57    89 

57    85 

56  58*0 

5642 

56  37 

56  33  7 

56  281 

56  27 

56  27  6 

56  260 

56  204 

56  167 

56  it  1 

55  58  9 

55  55'5 

TABLE   10 
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MARITIME   POSITIONS 


C7) 


Places 


a 


Inch  Keith  It  R  220f.  

N.  Berwick,  Church 

Baas  rock 

Duubar,  CD,  Church 

WOLAVB. 
Bast  Coaat* 

St.  AWs  Hd.,  It.  Fl.  224f. 

Kyemouth,  Church    

Berwick,  ffi20\  spire 

Holy  I„  Castle    

Farn  Is.. 2  Its.  N36°W  5t>Ot., 

R  30-,  87f.,  FL  45f.    

Cheviot  hill,  26&8f.    

N.  Sunderland  IX  mill...... 

Coquet  I.,  It.  F  83f.   

Blyth,  CD;,2  Us.  F 

Tynemouih,  It.  R  I54f.t  Castle 

N.  Shields,  CD,  Ch 

Newcastle,  bridge,  N  eud  ... 

Sunderland.  QQ,  Church 

Harthpool,  ffltf,  Church  ... 
Seaton,  CD,  2  lis.,  high  It  F  89f. 

Tees  River,  entrance 

Stork  ton,  Church 

Redcar,  Church 

Whitby,  m,  2  Us.  F  240f. 

Scarborough,  QQ*  It  Fr  58f... 
Flauiborough  Head,  It  R,wr\ 

*\il    J 

Bridlington  Quay,  Mill,  CDS  — 

Hull,  £,  citadel 

Killing  uolw«,  3  Its.  F68f.t  outer 


Spurn  Its.,  N66°W,  Occ.&  ¥\ 
93f,54f. ......  / 

Inner  Dowsing,  beacon 

Smith's  Knoll,  *t  7mn  i,  S  pt 

Hunstanton  Ft.,  It  Occ.  1091. 

Cromer,  It.  R27-Jf. 

Hasborotigh,  It.  F  136f.    

Winterton.lt  F  liOf. 

Yarmouth,  CD,  spire  

Lowestoft,  2  Its.  N28W2490f.  \ 
Rev.  and  F  123f.t  40f.    .../ 

Southwold,  Church 

Alborough,  steeple 

Orforduess,  It  int.  9 It 

Orford,  steeple   

Lsndgiianl  Fort 

Harwich,  CD}*,  lts.FN62°W  | 
680f.,  45f.,  27f.   / 

Walbm,  lower    

Maplin,  8K  pt.,  Occ  36f.,  bell 


LatN 


West  Coast. 

Cape  Clear,  I.  #  3m.,  SW  point 
Fastnet  rk.,  92f.,  It  R  14*f. ... 
Crookliaven,[E,N  entr.  It.  F  G7f. 

Miz.n  Hd 

ShrepHd 

Rear  Haven,  ffl.  Bear  1.,  suiu.  1 
887f.    / 


560  a'o 
56  34 
56  47 
55  599 


55  55 
55  523 
55  45* 
55  402 

55  37*> 

55  29 
55  347 
5*»  20  1 
55  7'5 
55  i'3 
55  07 
54  58  7 
54  54  5 
54  4i « 
54  403 
54  37*  1 
54  34*0 
54  36  9 
54  287 
54  170 
54    7o 

54  5*2 
53  44° 
53  3^7 


53  347 

53  >«4 
5248 
52  57 
52  555 
52  49  2 
52  43*o 
52  36*8 

52  292 

52  197 
52    9-2 

52  4-8 
52  57 
5i  563 

5i  55*8 
51  518 
5i  35 


25*3 

23  3 
286 

-7 
32*5 


51  375 


Lon. 


West 

3°  8'o 
2  43  ? 
a  382 
2  310 


8 

5'5 
590 
470 

39? 

9 

38? 
320 
300 
250 
267 

35*5 
215 
107 
122 

87 
,87 

35 
34? 

23  5 

o    50 


0117 
o  200 

O    12 

East 
o    72 


33? 
14 
297 
190 

3*'? 
4«5 

437 
45'5 
407 
360 

34  5 
32-2 

19? 

.67 

17? 

3 


West 
9  31 
9  36'2 
9  427 
9  49  5 
9  51  2 

9  52  ? 


<*> 


Places 


LatN 


Hungry  Hill,  181C 

Bautry,  Ch 

Roancarrig  I.,  It  F  55f. 

Calfrk 

Bull  rk„  It  rX271f. 

Cod's  Head 

Scarritf  L,  summit 

Bolus  Hd 

Skelligs,  It  F  175f. 

Bray  Hd 

Valentu,      S»    Cromwell's) 

Fort,  It.  Fd4f.    / 

Great  Foze  rk 

Tearaght  rk..  It  Fl.  275f. 

Grt  BUkett,  #  3m  ,  N  pt... 

Brandon  Hill,  3l2ttf. 

Tralee  Lit  {Samphire  I.,  It  I 

F56f. J 

R.  Shannon,  ffl,  Kerry  lid.  ... 

Tarbert,  It  F  58f.  

Li  utrick,  ffl,  Cathedral 

Kilcradan,  It  F*  I33f.  

Loop  He,  It  Occ  277L   

Ballard  Ft.,  tower 

HsgsUd ...... 

An  an  Is.,  Eeragh  1.,  It  R  \ 

ll5f.    / 

Inisheer  1.,  It  F  1  lOf. ... 

Black  Hd.  

Gal  way,  ffl,  Mutton  J„  It.  \ 

F33t J 

Skird  rks  ,  lin.  Skirdmore   ... 
SlyneHd.,2lts.Sl8°K415f.,) 

K""115f.9FUH£ / 

Inishark  Hd 

Clare  1.,  N  pt,  It  F  340f.    ... 

Inisligort,  It  F  36f. 

We*tport 

Newport,  |JJ 

Bills  rk 

Achil  Hd.,  2222f„  pt    

Black  rk.,  It  R  283f.    

Eaple  I.,  2  Us.  N49°K395f.,  \ 

F220f. ...../ 

ErrisHd 

Sta^  rks.,  Nst 

Downpatrick  Hd 

Killala,  03  

Btdliou,  ffl,  spire 

Siigo  Black  rk.,  It  F  79f. 

Innis  Murray  I.,  W  end    

Ball} shannon,  ffla*.  Ch 

Donegal,  (Jjy  

St  John's  IV,  Killibcgs,  It  \ 

F98f.  / 

Rathlin  O  Birne  Is.,  It  F  1161. 

Dawros  Hd.,  pt 

Aran  I.,  Riurawros  It  R  233f. 

Stag  rks 

Bloody  Foreland  Hill,  1059f. 

Wortb  Coast. 

Torv  I.,  *fe  25m.,  It  on  N  1 

&  W  pt.  Fl.  130 J 

Horn  Hd.,  E  sum.  82 4 f.    

Melmore  Pt.,  tower 


Lou.  W 


5i°4i' 
51  408 
51  392 
51  34 
5i  35  5 
5i  397' 
5i  436 
5«  47 
51  46-2 

5i  53 

51  56 

52  1*2 

52  4"5 
52  67 
52  14 
52  162 

52  253 
52  35  5 
52  40 
52  348 
52  33*6 
52  44 

52  57 

53  9 
53  27 
53  9 


9°47'5 
9  27a 
9  447 
10  16 
10  18 
10  6-2 
10  155 
10  207 
10  327 
10  26 

10  192 

10  41  2 
10  40 
10  31  2 
10  15 

9  527 

565 
217 

37*5 

42'5 

56 

37 

28 


9  5«*5 

9  3«*5 
9  16 


S3  15  2  9  3*2 
Sj   15*3  10  o 

53  240 

53  36 
53  495 
53  49  5 
53  48 
53  53 
53  53 

53  58-5 

54  4*2 

54  17 
54  185 

54  22 

55  19* 
54 
.4    66 

54  18 
51  257 
54  302 
54  39  5 

54  34  * 

54  337 

54  49  6 

55  09 
55  46 
55    82 


55  i6'5 
55  «2  5 
55  15  2 


10  140 
10  18 

9  595 

9  40  ? 

9  3» 

9  33 
10  127 
10  152 
10  19-2 

10    55 
10    o 
9  477 
9  207 
9  «3 
9    9*5 
8  37 
8  40 
8  117 
8    7' 
8275 

8  50 

8  34'0 
8  337 
8  29  6 
8  157 


8  is 

T  57? 
7  47  ? 


54* 
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MARITIME   POSITION'S 


W 


Places 


Limeburnrr  shL 

Fanad  Pt,  It  Occ  I27f.  

Bnncrana,  9,  Ch. 

Dunaff  Hil 

Malin  Hd.,  tower  

Iuniatraliul,  It.  li  18 If. 

SlieTe  Suearht  2009f.    

lormhowm  Hd.,  2  Its.  S62°E  \ 

!      460f.,  F  67f.  3fc  92f.    / 

Londonderry.  QQ,  Cathedral ... 

Portrush.  CCit,  pii-r  

Giant's  Causewav,  pt 

Rathlin  I.,  2  Its.  Int.  243f.,  F  ) 

I82f.    / 

Fair  Hd.,  sum.  626f. 

TorrPt,  rk 

Knocklayd,  Mtn  1C75C  


Lot  N 


'18 
16-6 

5  in 
;s  22-8 

5  25-9 
5  « 


►5  13 

54  59 

5  12 

15  14 

;5  is 


133 
ii  8 

55    97 


Bast  Coast. 

Maiden  rks..  2  lte.  N84°W| 

19201'.,  F95f.,  82f. / 

Black  Hd.   

Currickfergns,  ffl2 

Belfast.  ffll0a,  ►pire 

Divis,  ?lt,  1800f.  

Doiia^hadt-e,  ffifj.lr.  Fr  56f.... 

Ardglavs,  £?$.  It  F*    

Downpamck,  S.  Cathedral. 
St  John's  Pt.,  It.  lut  621'..... 

Slieve  D  nard,  2706f.    

Carlin-ford,  my,  *<•  &  **f.  • 

Newry.  Church  

Dundalk,  ffl1^,  It  Fl.  3Jf..... 

Clogher  Hd.,  pt 

Drogheda,  CDla\  3  Its.  F,  bridge 
Balbriggan,  CD  tf,  It.  F  42f.  ... 
Rockahil  la,  2  rk*.  It  FL  148f. 

Lambay  I.,  sum 

Howih"  Bailey,  It  F  134f. 

Dublin  Observatory  

Poolbcg.  It  F  66f.   

King-towu,  ffl,  E  It  R*  4 If. 

Grt.  Sugur  Loaf,  1651f. 

Wicklow  Hd,  It.  Otc  12 If... 
Wexford  Coilcgu,  tower    


South  Coast. 

Taskar  rk.,  It  Rr2w  I08f.  , 

Cariifore  Pt   

Hook  It  F  152f. , 

Waterford,  ffl?S  bridge 

Duncannon  fort  2  It*.  F  vert  \ 

53f.  aud  43f.  j 

Dun  more,  CO,  pier  It  Fr  44  f. 
Browrnst'.n  lid.,  102f.,  2  tow... 

HdwickHd 

Dnngarvan,     Balliiiacourty \ 

Pt.it  F52f.,w / 

Minehead,  It  Int  285 f. 

Ballyiottin  I ,  It  Fl.  195f.    ... 

Yonghal,  (D,ltF78f.  

Roche  Pt.,  2  Its.  Occ.  said  F  \ 

98f.,  60f. J 

Haiilbowlino  I.,  toner 

Cork.  Custom  house 


54  55  8 
54  46  1 
54  435 
54  36  4 
54  367 
54  387 
54  154 
54  196 
54  I3'2 
54  108 
54  20 
54  106 
53  587 
53  47  6 
53  42  8 
53  368 
53  35  8 
53  296 
53  217 
53  23  2 
53  205 
53  18' 
53  9'2 
52  57  9 
52  201 


52  12  1 

52  103 
52  7'4 
52  16 

52  132 

52  9 
5«  7 
52    3 

52    4'5 

5i  59  5 
51  49  5 
51  566 

51  475 

51  50  5 
51  53'8 


Lon.  W 


'48' 
377 
27* 
32 
22  2 

137 
20* 

55*5 

195 
392 
307 
10-9 

*7 

3'5 
«5? 


5  44? 


4i? 

485 
562 

10 
32 
360 
430 
40 
55? 

77 
i9> 
I7> 
13* 
15 
107 

10 

30 
205 

9 

77 
90 

o-o 

282 


125 

217 

56 

59'5 

7 

3* 


7  33 


35? 

59 

5o*5 


8  15  2 

8  182 
8  277 


(10) 


Place* 


Barry  Hd 

Charles  Fort,  fl  St.,  It.  F  98 f 
Kinsale,  ffl.  Old  Hd.,  It  F  236£ 

SeTi-n  HdsM  Ttrlegr. 

Galey  Hd..  S  pt    

Stajrs,  off  Toe  Hd..  large  rk. 
Baltimore,  CD 

09M. 


Dunkirk,  ffi.  It  F,  Fl.  193f.... 
Nieuport,    ffi  •»  It.   Fr  98f„ ) 

(NW  of  town)  / 

Osfcnd,  CQ,  4  hs.,  E  one  F  1891. 

Bhnkenberg.  It  F  831 

Heijst,  It  F  26f. 

Flashing,  (£,  It  F  49 f. 

Middelburg     

Sehouwen.  W  end  of  I„  It  1 

Fl.  171f.  J 

Bergen  op  Zoom,  Cb 

Goedereede,  It.  on  Ch.  F  I48f. 

Antwerp,  ffl.  Cath.    

Helvoetolny*,  It  F  49f. 

Brirlle,  (£,  Church 

Rotterdam,  ffl,  Cath. 

The  Hague,  St  James'  Ch. 


SchcTeningen,  It  R«t.  I37f.... 

Katwyk,  Coast  It  F  82f.  

Nordwyk,  It  F  66f. 

Alkmaar 

Zandvort  It  F  75f.    

Eginont  lta,  2F  I25f.,  120f.  ... 
Kyk  duin,  hs.  F  187f.  and  45f. 

Hrlder,  ffl   

Texel  L,  J*  llm.,  W  pt  

Medembbk,  Ch 

Marken  I.,  It  F  52f. 

Amsterdam,  ffl,Wrtee  le    .. 

Haarlem,  Grt.  Ch.  tower  

Ley den,  Observatory 

VlielundMt  F  I5lf.  

Ter  Scheming,  It.  R  1-  177f... 

Aim  land,  beacon   

Schiermonikoog.    2  It*.    F\ 

139f.  and  147f.    / 

Rottuin  I.,  beac 

Borcum,  It  F,  Fl.  207f. 

»BVS8XA. 

Emden,  Hotel  de  Villi 

Wangeroog  1.,  /,  It.  Fl   108f... 
Bremer  or  Wescr  It  ▼.,  fl.  1 

F  28*.,  bell,  guus  / 

Bremen,  Observatory    

Wilhelinshavcn,  Observatory 

Heligoland  I.,  It.  F22*f.  

Neuwerk  I.,lt  F.Fl.  126f. 

Cuxhaven,  It  F,  FL  70f.   

Gluckstadt,  pier  It  F*  30f.    ... 


Lst  N 


5I°42'l 
51  41  8 
51  36-2 
51  34* 
5<  3«  * 
51  281 
51  29 


51     31 
51     86 


5" 

14*3 

5i 

19*0 

5i 

204 

5« 

26*4 

5i 

300 

Si 

42 

5i 

29*7 

5i 

49*2 

5i 

13  2 

5i 

49*2 

5i 

54? 

5i 

553 

52 

43 

5* 

63 

52 

120 

52  146 

52  37  9 

52 

22'3 

52  372 

52  57' 1 

52  57  7 

53 

3 

52  464 

52  276 

52 

22*5 

52 

22*9 

52 

95 

53 

178 

53 

21*6 

53  27*0 

53  293 

53  32-o 

53  35 

S3 

22*1 

53  47  6 

53  48 

53 

4'6 

53  3»  9 

54 

10-8 

53  55'* 

53  52  5 

53  47i 

TABLE   10 
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MARITIME  POSITIONS 


Ot) 


Places 


A!  ton  a,  Observatory 

Hamburg,  Observatory  . 


Horn  Pl,  if.,  outer  shl.  I  .... 

Hantsholmen  Pt.t  It  K  2l8f. 

Harshails  Nist    

The  Skaw,  pt,  /,  It  F  l44f.  . 

Hirtsholinen,  It.  F,  Fl.  V5f.    . 

Fladstrand,  Church    , 

Ni..ingen,  Its,  2  F  66f.t  bull    . 

LhJBso  I.,  ^p-  lOm..  Bvrtiui  Ch.... 

Auhi.lt  L,  E  pt.,  It  FL  13af. 

H*sselo,lt.  F  H8f.    

Aalborg  „. 

Fornas,  It.  Fl.  69f. 

Aarhus,  Cath , 

Thuno  I.,  It  F  lOOf.  

Baago.  It,  S  pt,F  39f. 

Apenrade    

As>en%  Chuirh  

Flen-burg    

Sicallaiids  rf.,  N  «nd  \V  pt. 

Kyholra  

Reefness,  It  F  79f.   

S)>rogo,  It  R  I34f. 

.Nyeborg,  Ch 

Fakkebirrg,  It.  S  pt  Lunge- 
land,  F  129f.  

Spotsbiorg,  It  Fl.  123f. 

Nakkehead,  2  Its.  N89°  W,  F  1 
I47f.,98f.    J 

Ekineur,  Kronborg,  It.  F,  Fl.  1 
UOf / 

Copkkhagen.S, University,  | 
Obskrvatoky   J 

Stevns  Cape,  It  Fl.  *09i. 

Mo*n  I.,  E  pt,  It  F  82f. 

Gedser  point,  ltF  64 f. 

TrinJelen,  shl 


Eartholras,or  Christianso,  It. ) 

N  pt,  Fl.  94f. / 

Bornholm,  N  pt 

—  Spt   

—  Rdnne,  2  Its.,  F  76f.,  29f.... 


»bvsbia 

ftntbe  Battle. 


Kiel,  Observatory 

Fermom  I..  Marion,  It  R  94f. 

Staberhuk  I 

Lubeck,  St  Mary's  Church 
Wismar.  St.  Mary's  Church... 

Warnemunde,  It  F  59f. 

Rostock  

Dars  Hd..  pt,  2  Its.  F  &  R  \ 

108f.  &41f.    J 

Stntlsnnd 

Arkoi.a,  It.  F  200f.    

Bergen,  Church 

E.  pt.  of  Rugcn  I 

Greifewald,  It  Rev.  154f. 

Swimniunde,  It.  F  207 f.    


Lat  N 


53°3*'7 
53  33  « 


68 


55  35 
57 
57  35 
57  43'8 
57  29 

57  27 
57  18 
57  15 

56  44 

56  11 

57  2 
56  26 

56  9* 
55  56 « 
55  171 

55    26 

55  «6 

54  469 

56  5 

55  56-o 
55  44  7 
55  20 
55  i87 

54  444 

55  586 

56  72 

56      2*2 

55  41*2 

55  17 
54  57 
54  33  8 
54  305 


55  19 

55  177 

54  59 

55  6 


54  20-5 
54  297 
54  24 
53  521 

53  53*5 

54  107 
54  5*5 
54  286 

54  183 
54  40-9 
54  255 
54  21 
54  15* 
53  55  o 


Lou.  E 


9°56'5 
9  58'5 


7  40 

8  362 

9  56 

10  385 

«o  37  5 

10  337 

»  54 

H    02 

11  39? 

11  43 

9  55 

10  575 

10  130 

10  27*0 

9  480 

9  25  ? 

9  53  7 

9  262 

11  15 

10  40  7 

10  525 

10  58 

10  477 

10  420 

11  52*0 

12  2IO 

12  375 

12  34*7 
12  27 
12  33 

11  580 

12  4 

15  12 

14  46 

15  5 
14  42 


10  87 

11  14? 
11  19 

10  415 

11  27  7 

12  57 
12    9-0 

12  305 

13  5*5 
13  262 
13  280 
13  48 

13  557 

14  iS'O 


(1*) 


Places 


Stettin , 

Colberg,  fort  , 

Jershoft,  It  R  165f.   , 

Hel*.  It  K  l20f. 

Rixhdtt,  It.  F231f. 

Neufahrmasser,  It.  F  78f. 
Damztg.  Observafc  ry    ... 

Pillau.  QD,  It  F96f.  

Kouigsberg,  Observatory 
Hriister  Ort,  It  R  164 J... 
Memel,  CD,  It  F  98f. 


Liban,  CD.  Pilot's  Tower,  lt\ 

F,F1.  I03f. / 

Wmdau,  Church    

Lyser  Ort,  It  F  11  St    

Demesnes*,  It.  F,  FL  64f. 

Runo  I..  It  F  2101 

Riga,  CD,  Cathedral   

Pemau,  Germ.  Church 

Arensbcrg  

S»  alter  Ort,  It  Osel  L.  S  pt,  l 

Rer.  U4f.   / 

VUsaocl,  W  pt  of  grt.  Id.,1 

F  136f.    / 

Dager  Ort,  It  5m.  Ed.  of  pt,\ 

F,F1.334f. / 

Winkova 

O.lensholm,  It  Fl.  115f. 

Parker  Ort,  It  F  147C  

Sourop,lt  F  135f. 

Nargen  I.,  It.  N  pt..  R  I26f.  ... 

Revel,  St  Olaus  Church   

Wolf  beacon   , 

Kokskar,  It  F  106f.  

Ekholm,  It  F,  Fl.  108f. 

Stones kar  beacon  

Rodskar  I.,  It  Fl   6-tf.  

Little  Tioiiters,  W  pt 

Great  Tiouters.  E  sum 

Hogland,  %  6m.,  N.  pt  2  Its.  1 

S'byW'0  6m.,F384f.,33f.  I 

lower  J 

Laven*kar  I ,  N  pt   

Peni  I.,  E  pt 

Seskar  I.,  NW  pt,  It  Fl.  97f. 

C.  Kol^anpia,  Church   

Doltfoi  Noss  Pt 

Tolboukin,  It.  Rev.  95f.   

Kronttadt  S,  St  Andrew  Ch. 
Sr.  Petersburg.  Acad,  of  1 

Science,  Ob8krvatouy...  J 

POULKOVA,  ObSBRVATORY     ... 

Stirs  Pc,  It  F  117f.   

Riorko  I.,  S  pt.,  tower   

Grckova  rk.,  beacon  , 

Wiborg    .„ , 

Aspo  beacon  ••••••••••• 

Nerva  tower 

Sommars  I.,  It  Rev.  89f. 

Lippu  I.,  beacon    

Frcderickshamm   • 

Lovisa,  9  

Orrengrund,  beac.  103f , 

Grt  I'ellingo,  or  Glosholm  ... 


Lat  N 


53°25'i 
54  108 

54  325 
S4  36-1 
54  49  9 
54  24*2 
54  213 
54  38  4 
54  42  8 

54  57  6 

55  42 


56  309 

57  23  9 
57  34 
57  48 

57  48 

56  57-0 

58  232 
58  15 

57  54*6 

58  23 

58  55 

59  12 
59  i8'3 
59  235 
59  279 
59  36-4 
59  266 
59  35 
59  42  0 
59  41 
59  495 
59  582 
59  500 

59  5io 

60  6-3 

60  23 
Co  i'i 
60  21 
59  509 

59  54*8 

60  2#6 

59  59  7 
59  56-5 

59  463 

60  no 

60  157 

60  1  r6 
60  427 

60  177 
60  148 
60  1 2*4 
60  143 
60  34 
60  27  6 
60  166 

60  I T2 


Lon.  E 


14 

°34'o 

15  35 

16 

330 

18 

49? 

18 

205 

18 

402 

18 

41? 

19  540 

20 

3°'? 

19  59? 

21 

62 

21  o 

21  34-0 

21  43 

22  39 

23  15 

24  6-5 
24  30 
22  30 

22  4 

21  50 

22  13 

22  18 

23  230 

24  3 
24  24 
24  32  o 
24  47 

24  48 

25  3 

25  49 
20  21 

26  42-0 

26  53T> 

27  «4  5 

26  585 

27  510 

28  5-0 
28  235 

28  34  7 

29  05 
29  330 

29  46 

30  18  2 

30  197 
29  3 
28  43  ? 
28  425 
28  46 
27  13 
27  58  5 
27  395 
27  3-0 
27  12 
26  16 

26  27*2 

25  5° 
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^13) 


Places 


8oder*kar  tow.  pilots,  It  F, ) 
FI.  124t  / 

Hebingfora,  Obskrvatoky  ... 

Sveaborg 

Renskar,  It.  F  164f. 

Jus«ari,  pilot's  ho 

Segelskar,  beac 

Hango,  It.  F.  Fl.  U2f. 

Abo,  Observatory 

Uto,  It  F  I30f.  

Bogskar  

Lcigskar,  It  F  I OOf. 

Nyhainn,  l>eacon 

Hogxteu,  l»eac»»n 

Nystad,  Knskar,  It.  F  l.Vif.  ... 

Loko,  beacon 

Sabtakar,  beacon   

Rjornehorg 

Torngrond,  beacon 

Chritttinostad  

Storkalle  shl.,  8  pt  it  

Moikepaa,  beacon  ....- 

Fallakar,  beacon. ....♦«• 

Was*,  Church .♦ 

Korsoren,  beacon   

Norrakar,  It  R  105f. 

Walaorarne  Is.,  N  pt     

Hi  binukall,  Ft,  if. 

Ny  Carleby.  Church 

Kejsaroklubb,  beacon 

Tan kar,  beacon  

Oamla  Carleby.  Xpili,  It  F,  I 
Fl.  2lf.    / 

Kalla  rk..  It.  F  58f.    

N.ihkiainen  shl..  sf. 

Brahestad.  Chtirrh 

Carlo  I..  W  It.  F.  Fl    10 If.    ... 

Uleab  »rg,  Chunh  

Ulkogrunni,  b»aeon 

Maloren,  It  F  78f. 

Torneo •• 


Rodkillen  rk*.,  grt,  mid.  It.  \ 

R84    / 

Pitea    

Stor  Rebben.  beacon 

Bjuroklubh,  beacon    -».. 

(in.  Fjad  rag  I., mid.  It  K  lOlf. 
Gadd,  It.  on  S  pt.  of  It.  F  70f. 

Umca 

Bouden,  beacon 

Skagsudde,  beacon 

IJernoklubb,  beacon  

HernoHiitid.  Church   

Bramo  I.,  N  pt,  beacon    

Iluddiksvall   

UoruBiidde,  pt. 

Soderhumm    

Stor  Juugfrun,  It  E  pt  F  86f. 

Gefle    

Eggeprund,  It.  F61f. 

Orekar,  It  R  1201". 

Nyumnd,  tof.  

8  Qnarken,Under8ten,lr.F  78f. 
Svanklubbeii,  It  R  68 f.    


Let.  N    Lou.  E 


7      250  26' 


65  19 


22  22 


(14) 


Placea 


Arholma, beacon    

Soderann,  lr.  R  99f.  

Sveuska  Hogarne 

Stockholm,  Q,  Observatory 

Gronskar,  It  F  Hit 

Landfort  It  F,  Fl.  146C  

Enakar,  beacon  

Hafringe,  beacon   

Haradskar,  beacon 

Sparo,  beacon 

Westerwyk 

Kalmar,  Church 

Gottaka  Sando,  W  pt  

Faro  I.,  Holm  Hd  ,  It.   R  I 

lOOf. / 

Gothland,  8  pt  Hoborg,  It  \ 

Rev.  I90f.   J 

0*tergarnsholm 

WUby 

South  Carlso 

Oland,  N.  Hd.,  lt.Fl03f. 

—  SHd.,lt.  F  I32f. 

ChrUtianopel 

Utklippor  rks.,lt.  F,FI.  I00f.... 
Ca/lscrona,  ffl,  It  F,  Fl.  5Sf. 
Carlshamn,  2  It*.  F  58f.,  17f.... 

ll.inoL.lt.  F,  FL  218f 

Alius    

Ciiiirishamn,  It  Alt.  30f.   

Ystad,  Church 

Falatcrbo,  It  F  78f.    

Malmo,  It.  F,  Fl.  68f.,  Ch 

Landskrona,  2  It*.  F  39f.,  48f 

Ilehdnghorg,  It  F  29 f.  

Kullen,  It.  Rov.  28$f. 

Engelholro.  It.  Alt.  13f. 

Hallands  Waderd,  It  F,  Fl.  C7f 

Halmatadt,  fort  

Falkenberg,  Ch 

Mortip-tanirc.lt.  F  93f. 

Warberg.  Castle 

Niddii.geti.  2  Us..  2  F  66f.,  hell. 

Vanguard  shl.,  1 

Winga,  2  lis  ,  F,  Fl.  &  F.  8;f. 

Buskar,  It.  F  82f.   

Gottenburg 

Paternoster  Is.,  It  Rev.  U7f... 

Hallo,  It.  Fl.  128f. 

Nord  Kostcr,  2  Its.  F,  Fl.  2UC 


3TO 

Rock,  rf.  

Torl.jornskar.  It  F,  Fi.  84f. .. 

Fcerder,  It.  F  154f. 

Fulehuk,lt.  F,  Fl.  57fU  bell .. 

Fi  ederikxtecn , 

Frt-derikstadt 

Christian  ia,  fB.  new  Ob^crv.. 

Sv.  noe  La:  1  go  Sound,  ent 

Tve*teen 

Keierskur  rk..  a  gun , 

J01nfrucland.lt.  Rev.  I44f.  .. 
Arendal,  Tt  rungen  I.,  It.  2F  \ 

130f T 

Oxo,  It.  F  139f. 

Christ  ianaund,  2  [£,  Ch 


Lon.  E 


59°5i'o 

19°  r 

59  45*2 

19  24 

59  27 

19  3* 

59  206 

18  T5 

59  17 

19  2 

58  445 

17  52 

584a 

17  25 

58  3* 

17  19 

58  8-cJ 

16  59 

57  429 

16  44 

57  45  6 

16  3s 

5J  39  5 

16  22 

5824 

19  11 

57  57 

19  22 

56  55  * 

18  11 

57  265 

18  59 

57  38* 

18  16 

57  19 

17  59 

57  22 

17  6 

56  118 

1624 

56  15  5 

16  3-0 

55  56  5 

15  42 

50  8 

15  36 

56  10-s 

14  52*0 

56  1 0 

'4  5' 

55  55*5 

14  18 

55  33  5 

14  22 

55  25  8 

»3  49  5 

55  23  1 

12  40/2 

55  37 

13  0^0 

55  52  4 

12  sot) 

56  27 

12  41 

56  18  a 

12  275 

56  16 

12  50 

56  27- 1 

12  33 

56  40  4 

12  517 

56  54*o 

12  3ox> 

56  55  2 

12  21  7 

57  64 

12  145 

57  182 

"I  543 

57  32 

11  39 

57  3**> 

11  362 

57  386 

11  407 

57  42'3 

11  56*5 

57  53  5 

11  28 

58  202 

11  14 

58  54 

II  0 

5842 

10  53 

59  0 

10  47 

59  1*7 

10  32 

59  11-5 

10  362 

59  75 

11  24 

59  13 

10  57 

59  547 

10  43  5 

5858 

9  46 

5856 

9  57 

58  10  1 

8  27 

58  52 

9  36 

58  24 

8  48 

58  4*4 

8  4 

58  9 

8  0 
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(15) 


Places 


Lar.  N 


Flekkero  I.,  §B,  rks.  to  S  ... 
Ryvincen  I.,  It  F.  Fl.  129f. 

Na2e,ltF,Fl    I63f. 

Listersteen,  It.  Fl.  I28f. 

Jedder.ns,  rf.  W  pt  

Twigeiiaw,  It  F  2«f. 

tlvklinicso,  It.  Occ.  149f.    .., 

Skudesnass,  It.  F  75f. 

Hoieyardc.lt.  F  6*>f. 

Udsire.  2  lis.  N  8°\V.  -»5.5f.  F 
Sor  Hango  rk.,lt.  F,  Fl.  I'll. 

B  immeloe,  S  pt...... 

Fugloe • 

Lervig.  It.  F47f.    

Odde,  Church 

Kors  fiord.  I.  entr. 

Dfrgen,  9 

Blomoe  I • 

Udvcsr  Is..  W  pt  

Aspo  I.,  NW  pt 

V.  ragrund 

Scnning  skar  rk.    

Stadthnd,  NW  pt 

Svinoe * 

Ruiido,  It.  F  138f. 

Aalesund,  Church  

Lepsorev,  It.  F  23f.    

Molde,  Church   

Kviiholm,  It  F,  Fl.  I28f..... 
Christiansuml.  It  F  65f.    .... 

Nightingale  rks.,  outer , 

Grip.it 

Hav  flue,  rk 

Munk  Hohn.lt  F  38f. 

Trondhiera,  Cathedral   , 

Titter  lid.  

Vigten  Is,  Wextr  rks 

NW  extr,  rks 


Pi  reside,  It  F  39f. 

Lekoe,  sum.    

H'ilhornet,  pk.  ... 
Hoihraken  rk.  ... 
Torgbatien  Pk.  ... 

Sola  I.,  sum.  

Svinglcboen  rk.  ... 

Skal  svee,  rk 

Ttcbd  Is ,  Soholm,  It  Fl.  1 1  Si. 

Hestmando  Pk 

Kunna,  sum.  

Lofoten  ldsnSkomvcer,U.  Fl.  \ 

159f. j 

Lofoten  Pt 

Skraaren,  sum.  600f. 

Trano  I.,  N  pt  

W.  Vagol,Npt 

Lango  l.f  W  pt,  rks.  off. 

Andoe,  N  pt  

Tromsde.  Obsenatory  

Hvaloe,  NW  pt 

Hammerfest  Meridian  pillar... 

Vando,  N  pt 

Arno,  NR  pt 

Soroen  1.,  W  pt ... 

N  pt.,  or  Tarhalsen  . 


Rolfso  Is.,  N  pt,  It  F  I4lf.. 

Knivskierodden  Pt  •• , 

North  Caie...  .  


580  a 

57  5*o 

57  58  8 

58  6 

58  40 

59  * 
59  3 
59  8 
59  19 
59  1*3 

59  252 
<9  35 

60  1 

59  47 

60  4 
60  8 
60  24 

60  32 
62  2 

61  13 
61  17 

61  39 

62  it 
62  20 
62  246 
6a  2S2 
62  35'5 

62  443 

63  1 

63  7 
63  23 
63  14 

62  51 

63  27 
63  25  8 

63  40 
6\  46 
65  2 

64  47*4 

65  5 
<>5  5 
65  24 
65  24 
65  40 
65  38 

65  59 

66  26 

66  32 
6657 

67  24  2 

67  49  5 

68  9 
68  11  3 
68  205 

68  37 

69  20 

69  39  2 

70  146 
70  40*  1 
70  176 
70  13 
7o  39 

70  53 

71  6 
71  no 
7»  103 


Loo,  E 


>  57' 
295 
3? 
34 
24 
35 
24 
18 

19 

535 

152 


59 
33 

\l 
46 
28 


5 
4 
5 
5 
4 
5 
6 

4 
5 
4 
4 

4  44 
4  27 

4  35 

5  » 
5  '7 

5  35 

6  9 

6  165 

7  10 
7  14 
7  39 
7  8 

7  37 
6  11 

10  24 
10  237 

8  19* 
10  24 

10  37 

11  8 

37 

9 
o 

7 

45 
*7 
n  21 

12  o 
12  50 
«3  32 

"  54 
ia  50 

14  44 

15  39 
«3  59 
14  14 

16  8 

18  570 

19  16 
25  40  5 

19  36 

20  49 

21  55 
23  «9 
23  59 
25  400 
25  460 


CO 

5  I 


(16) 


Places 


Svoerholt  Klubb 

Nord  Kyn   

Vardo  I 

Ityhutschi  I.,  C.  Nomeiski    .. 

Kola,  town 

R.  Kildin  I.,  E  pt   

mvssxA. 

8vlatoi  Noss.,  It  F  298f. 

0.  Orlov,lt  F222f.  

Sosnovets,  It  F  139f.    

Tetrina,  Till.,  Chap.  

Kouzomcn,  vill,  mid 

C.  Touria   

Kttndulaks,  Monastery 

Ky em,  Church    

Onega,  St.  Michael  Church  .. 
Jijghiusk  I.,  N  pt.  It.  F  140f 
Arkliangel,  fB,  Tiinity  Ch.  .. 
Moiidiupa  I.,  It  Dvina  R.  Fl30f. 

C.  K<  rets    

C.  Voiotiov 

Mrzen,  Epiphany  Ch 

C.  Kanushin,  near  brook  

C.  Kan  in  Noss   

Kolguyev  I.,  NSDOro.,  N  pt... 

C   Russian   

C.  Medinsk.    

Wai-rateh  I.,  Balvanski  Pt  ... 
Samoycdes    Peninsula,     C.  1 

Vengani / 

—  Beli  Ostrov  L,  C.  Ivanoff... 


VOVATA 

C.  Menchikoff    ;. 

Nonh  Goose  Cape 

Stichoi  Noss    

C.  Speedwell  

C   Nassau  

Orange  Is 

C.  Bismarck    , 

Matotchkin  Str.it,  E  entr. 
Gessen  Point  , 


FIAMCB, 
Wortb  Coast* 

Gravclineslt  F  95f.  

Calais.  Q3,  F,«f.  bell.  It  Fl. 

(electric)  l»of.    

C.  G  risner.  It.  Fl.(elect  ric )  226f. 

Boulogne,  03  V»  Column < 

Pt.  Alpreck.  It  F,  Fl.  161f.  .. 

Ktaples,  CDJ 

Pr.  dc  Touquet,  2  Its.  F  I74f. 
Ptde  Berck  It  Occ.  115f..... 
Abbeville,  Ch.  of  Notre  Dame 

St.  Valcry  sur  Somme,  ffi 

Cayeux,  It  F,  Fl.  92f.    

Trcpori.  QJ.  It  F  44f.,  if. 

Dieppe,  QJ  J,W  jetty  ,lt  F43f„  ttf. 
C.  Aillvjt  R305f. 


LatN 


Lon.  E 


7o°59' 
71  6-8 
70  23 
69  58 

68  525 

69  19 


68  90 
67  ii«5 

66  29  5 
66  39 
66  17a 

66  33 

67  10 

64  565 

6.3  53*6 

65  123 
64  32- 1  j 

64  55*8 

65  199 

66  311 
65  5o  3 

67  115 

68  39-2' 

69  30 
68  55 
6858 

70  29 

70  45 
73  24 


7o  45 

72  13 

73  4« 

74  57 

76  20 

77  2 
76  19 
73  8 
72  10 


26*41' 
27  41 
3i  7 
3*  o 
33  1 
33  3o 


39  49  o 

41  22-2 

40  43 
38  17*5 
36  53  5 
34  28 
32  32 
34  387 

38  85 
36  5>'5 
40  33  5 
40  16-2 

39  45 

42  197 
44  170 

43  487 
43  325 
49  20 
54  40 
59  10 
5858 

66  16 
7«  35 


57  42 
51  50 

53  30 

55  35 
61  39 

67  43 

68  56 

56  30 
55  34 


51  0-3 
50  57  6 
50  522 

50  44'5 
50  419 

50  32*9 

50  317 
50  240.' 
50  7-i 
50  11-41 
50  11  7! 
50  39 
49  56  o 


2     67 
1  51? 

I 
I 
I 
I 

I 
I 
I 
I 
1 
I 


49  55  *  o 


35? 
37? 
340 
387 

35I 
337 

50  b 
380 
310 
22  2 
"  52I 
0  577[ 


552 


TABLE  10 


MARITIME  POSITIONS 


(»7) 


Places 


St.Valery  cnCaux.  CD,F,FI.43f. 
Fecamj>,  QQ.Mt  de  U  Vierge,  1 

F374f. / 

G  de  la  If  eve,  S  Its.  Nl9°E) 

207f..  F39t>f. / 

HHvre.  9.  It  N  jetir,  bell 

]  l*t  du  Hoc,  It,  F  39f. 

Paris  Observatory 

Quillehaeuf.  It  F  33f. ...... 

Honflcur,  CD,  It.  F  92f.  


LatN 


Month  of  the  Orne,  Church  ... 
Port  Corseulet,  £fl,  It.  F  30f.... 

C«n,  Abbey 

Pt  de  Ver,  It.  F,  Fl.  I38f. | 

Careiitan , 

St.  Marcouf  Is.,   #  }m.,  It.  J 

Occ.  5«f. / 

I*  Hougue,  ffil0\  It.  F36f..... 

Uevill*  Redoubt,  It  F  36f. 

C.  BarfiYur.  It.  K  236f. 

l'elec  I.,  fort,  It  F85f. 

Cherbourg,  ffi,  Ch , 

C.  La  Hague,  A  U.  F  154f. 

Alderney  I.,  Jp>  3  m.,  St.  AnneCh. 

Pierre  ao  Vrack,  3t    

Caskets,  T  Jt  Fl.  120t.,bell... 
Guernsey.  Jerboitrg  tow.  390*. 

—  Pleinmont.SWpt,  guard  ho. 

—  St  P.env,  It,  S  jetty,  F  46t. 

Uerm  1 ,  NS  l|m..  mid 

Sercq  I.f  J*  3m.,  Telegraph  ... 

Inlet  S,  or  Etit  de  Sercq  

Jersey,  St  Pierre.  Ch 

—  St.  Holier'*   ml    

—  C.  Gn  snex,  ruin    

—  NE  ptM  or  l*t.  de  la  Coupe 

—  SE  pt,  Seymour  tower    ... 

Roches  Douvre«,KW  2m.  rk., ) 
mid / 

Ramoiiic  rks  ,  EW  2m 

Chatisey  Is..  [6m.].  Grt.  I.,  It.  \ 
F,  Fl.  1211. J 

Minqiiiers  rks.,  JP  5  1.,  NW  ( 
breakers J 

Maitresse  Id 


St.  Germain    

CL  Carteret  1 ,  It  R  »62f 

Coutanccs,  Cath..  302f. 

Granville,  QQS#\  C.  Lihou,  It  1 

Fl54f.    / 

Mt.  St.  Michel    

Cunalle,  Church 

Hcrpin  rk 

St  Malo,  ffl*0s,  Church 

La  Conchce  rk 

C.  Frehel,  T .  Ram.,  It.  R  259f. 

Grand  l^cjon  ik 

St.  Brieuc,  Cathedral    

Horaine  rk.,  beacon  

Heaux  de  Brehat,lt  F  148f.... 

Trvguier,  Cathedral 

Seven  Is.,  jUm..  It  F,Fl  I84f. 
TriMgo«,shl.,  EW  4m.,  Wextr. 


49°52'4 
49  4^'  I 

49  30*7 

49  29  3 
49  287 

48  50  2 

49  *8  4 
49  26 

49  166 
49  *03 
49  n-a 
49  205 
49  184 

49  «9"9|     * 

1 
1 
1 

l 
1 
1 


Lou. 


49  343 
49  36  4 
49  41  » 
49  403 
49  38  6 
49  43  4 

49  42*9 
49  41  '6 
49  43  4 
49  25'3 
49  25  3 
49  27  o 
49  28  o 
49  2S'S 
49  236 
49  125 
49  "3 
49  152 
49  ij*9 
49    94 

49    65 
49     « 
48  52  2 

48  59 

48  583 

49  142 
49  224 
49     2-9 

48  501 

48  382 
48  407 
«8  43 
48  390 
48  41 
48  4 1  I 

48  45*o 
48  30  9' 
48  53  6 
48  545 
48  47'3| 
48  528 
48  53   I 


East 
o°42'7 

O  32  2 
O     4? 

o    67 
o  ii"5 

2  20  2 

o  317 
o  14 
West 
o  15  2 
o  272 
o  21  o 
o  310 
«  14  5 

•7 

162 

137 
157 
347 
37? 
57o 


12  2 
170 

22*5 
330 
4 IO 
32'0 

277 
227 
230 

!I7 

70 

«5'5 
23 
11 


2  49 
248 
1  49'2 


2  19 

2    37 

1  357 

I    48  "2 
I    265 

I    36  7 

I 
I 

I 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 


305 
507 
5o 

15 

3 
190 

39  7 

457 

550 

5-0 

137 

30 

44 


(W) 


Places 


Moriaix,  ffl.H.  F  285f. 

St  Pol  de  Leon,  QQ,  Cath.    ... 
1.  de  Ban,  EW  3ui ,  It,  W  1 

tide,  R***23f.    / 

I.  Vierge,  It.  F.  Fl.  108f. 

Abervrach,  W  lt  F*  59f. 


West  Coast. 

Uxhtnr,  J*  4m.,  It  FL  (elfc-l 

tric)272f.   J 

Kermorvan,  It  F  72f. 

Pt  St  Matthew,  It  R  177f. ... 

Bre3t  Observatory 

I.  de  Sein.  It  F,  Fl  148f. 

Oiittr,  or  Wst  rk 

Audierne,  Church 

Penmarc'h  rks.,  lr.  R  134f.  ... 
Glenan  I., Penfi et  I.,  It  F,  FL  \ 

II8f.    J 

Quimper  Ri*.,  Benodet,  Ch.... 

I/Orient,  tower „ 

Port  l«ouis.  Church  

L  de  Groix,  %  4m.,  It  F  1 

193f.    J 

Port  Haliguen,  It.  E  jetty,) 

F39f. / 

Teignouse,  It  F,  Fl.  59f.  

Port  Naralo,  pt.,lt  F  72f. 

Peulan  Pt,  It  F  68f. 

Belle  Isle,  ^  10m  ,lt.  Goul-  \ 
far  Bay,  R  276f. / 

—  Port  de  Palais  It  F  30f.  ... 

Hoedic  I.,  #  \\m 

U  Fourrk.lt  R  79C  

Vannes,  St  Peter's    

Guertmle,  Ch.,  177f 

Croisic,  Church 

Aiguillon  tow.,  (on  -v.th  the  \ 

tourdeComtnerce,N32''E)  / 
Port  St.   Naxaire,  Mole,  ltl 

Occ.  26f. J 

Paiiuboeuf,  Church 

Nantes,  Cathedral 

I  e  Pilier  I.,  It  F,  Fl.  105t  ... 

Noirmousttcr  I.,  S  pt 

I.  d'Yeu,  *fc  5im.,  St  Sau-  I 

venr  Church    / 

Lt.  NW  pi.it  F  177f. 

St  Gilles  sur  Vie,  Church    ... 

S.bles  d'Olonne.  Church  

La  Chaume,  lt.  F  I05r. 

Roche  Donne,  W,  or  La  Con-  I 

&<* J 

Pt  de  Grouin  da  Cou,  lt\ 

F92f.  / 

Pt  de  1' Aiguillon,  lt.  F  43f. ... 
L  Khe.  \  14m.,Baleines,lt\ 

on  N  pt  Fl.  166f.  J 

—  Port  St  Mutin,  lt  Fr  56f. 

—  S  pt,  de  Chauveautlt  F  59f. 

Rochelle,  2  lis.  F  79f.,  46f. 

Oleron   I.,  %   16m„  N  pt,) 

Chassiron,  lt.  F  164f. j 

Ai*  I.,  lt.  Fl.  66f.  

Rochefort,  H««pital   


Lat  N 


4^4^ 
48  4i-o 

4844-8 

48  384 
4«  3^9 


48  28  5 

217 

19-8 

23* 

27 

3 

14 
479 


48 
48 
48 
48 
48 
48 
47 

47 

47 
47 
47 

47 

47 

47 
47 
47 

47 

47 

47 
47 
47 
47 
47 

47 

47 

47 
47 
47 
46 

46 

46 
46 
46 
46 

46 

46 
46 

46 

46 
46 
46 

46 

46 

J45 


44 
52  6J 
447 
425 

389 


275I 
32  9j 
3lo 

187 

20*9 
205 
"7*9 
395 
197 

i77i 
146 

163 

«7  3 

1  j-i  I 

2-6 

538 

424 

431 
4*7 
298 

297! 

13  I 
208 

161 

147 

124 
80 
9*4 
28 

06 
566 


TABLE  10 


653 


MARITIME  POSITIONS 


(19> 


Placet 


Pt.  de  U  Coubre,  It  F  12 1  \... 
CordoiiMD.  It  (Riv.  Giroude)  1 

Ucy.  194f.   J 

Pte.  de  Grave,  It  Occ.  85f.  ... 

Bordeaux,  St.  Andre* 

—  Observatory  

Ba-sind'Arvachon,C  Ferret,  1 

li.  F  167f / 

Bayonne,  Caith 

Pt.  St.  Martin  de  Biarritz, \ 

It.  Fl.  240f. / 

St  Jean  de  Luz,  Church   

Socoa,  It.  F  lldf.  


Vortb  Coavst. 

Fucnterabia,  Ch 

C.  Higuicra.  It.  R  197f. 

PortPtis«8ge,ffl.C.La  Plata,  ^ 

lt.F4«4f.    / 

C.  Macbicbaco,  1 ,  It  F,  Fl.  "\ 

268f.    J 

C.  Villano,  1,A 

Bilbao.  St  Nicholas  Church... 

Portiigalete,  CD  

Mt.  Sen  antes 

Santona,  a,  Cnballo  Pt.,  It.  1 

F85f. / 

C.  A  jo,  pt 

Santander,  EQ,  mole  

C.  Mavor,  E  pt,  It  li  29 8 f. 

C.  Oyhambre 

C.  Prie:o 

Pi.  Samoa,  It.  F,  Fl  370f. .., 

C.  Last  res  , 

Gijon.lt  F167f 

C.  Pefias,  1,  It  RJ"34Sf. 

C.  Bu.«to,  k,  1 ,  It.  F.  Fl.  307  f 

TapU  I.,  It.  F,  Fl  77f  

Rivadeo,  ffi,   I    Pancha,  ltl 
F79f. J 

Mondigo  Mt,  189t>f. 

San  Ciprian,  If.  F  12lf. 

Mt  Faro,  1790f. 

Port  Barqnero,  SB ,  La  Estaca,  1 
li;R3o6f.  J 

Port  Vivero,  ffl,  town  

C.  Ortegal,  a,   1,  tow.  (S\ 
l'4ofpt)  / 

C.  Prior.  1 ,  It.  F  4  t6f.    ... 

M.»me  Vynioso,  785f.    , 

Ferrol,  S,  mole 

Oruiia,  ffl,  It  F,  FL  332f.. 

S.atrgas  Is.,  E\V    Uin.,  h.\ 
P.  FLSSlf. / 

C.  Vilhino,  1,NE  pt,lt  J?\ 
243f.    / 

C.  Torinana,  1,  pt 

C.  Finisturre,  It  R  466f.   

Queijal  Pt.  It.  F  88f. 

C.  Corrobedo,  It.  F  lt)6f.  

Ons  U  •#-  3m.,  lr.  F,  Fl.  42lf. 

Cicsla.,  NS4m.,lt.  F,Ft  604f. 

C\  Silleiro.  A,  It.  F  72f. , 

Vigo.lt.  R  K»2f.    , 


I-at  N 


Lou.  W 


45°4i'5 

45  352 

45  34 
44  5o-3 
44  50  3 

44  3«  7 

43  295 

43  296 

43  23*3 
43  23  7 


43  217 
43  237 

43  19  7 

43  270 

43  27 
43  15  8 
43  202 
43  21 
43  280 

43  31-4 
43  279 
43  30 
43  25 
43  287 
43  30  7 
43  34'2 
43  355 
43  420 
43  36 
43  355 

43  34  7 

43  32 
43  43 
43  43 

43  47*2 

43  405 

43  46 

43  34" 
43  29 
43  2»5 
43  225 

43  215 

43  "O 

43  4 
42  53 
42  44 
42  34 
42  22-5 
42  12  5 
42  6 
42  15 


I°I5'2 

1  102 

1     3\S 
o  345 

0  3"? 

1  150 

1  28  5 

1  330 

1  397 
1  410 


1  47? 
1  48 

1  57? 


5o 

58 

54 

3 

5 


3  27 

3  36 
3  48  7 

3  48' 

4  21 
SIS 

7? 
18? 
38 
495 
275 


4 
5 

5 
5 
5 
6 
6562 

7    2 

7    8 
7  257 
7  35 
7  415 
7  36 

7  547 

8  185 
8  19 

8  14? 
8245 

8  50? 

9  13? 

9  18 

9  '55 
9    * 

2    S 
8  555 

*  545 

*>53 

841 


(20) 


Places 


Mt.  Nc*aa  Scfiora  del  alba, ) 

I670f.  / 

Mt  Peoeda,  4542f. 


Lot.  N 


R.  Mino,  Pt.  Picon,  It  F  5Gf. 

Viana,  CD,  2  Its.  F  107f. 

Mt   Destrello  de  Malhada,  1 

8602f.  / 

Oporto,  ffi!a«Fort  St.  Juas\ 

daFoz '. / 

Aveiro,  New  Bar,  CDfl  

Mi.  Caramullo,  3274f. 

Mount  Busaco.  1795f.   

Coimbra,  University 

O.  Mondcgo,  It  F  302f.    

Figueira,  ffil?.  It  F  36f.   

Nazareth 

Burling*,  It  R  365f. 

C.  Carvoeiro,  pt.  It.  F  180f.... 

Monte  Junto,  2185f. 

Mafra  

C.  Roca,  It  Rrw  596f.    

Mt  Cintra,  sum.  1600f. 

DaGniaJt  F  167f.  

St  Julian,  fort,  It  F  128f.  ... 
Lisbon,  gg.  Marine  Obs.,  ("Q 

ltOYA.1,  OBSERVATORY  

C.  £:ipiclivl.  1 ,  h,  It  Fl.  535f. 

Setubi.l,  S 

C.  Sines,/,  l,lt.  F  130f. 

Moochiqne  Mtns.,sum  Foia,"\ 

2959f.  ( 

C.   St   Vincvnt,    1,   It   R\ 

221f. / 

Sagns  Pt,  Semaphore 

Lupos,  Piedade  Pt 

C.  Carvoeiro,  tower  

C.  Sta.  Maria,  /,  It  F  I09f.  ... 
Mt.  Figo,  1365f. 


8PAXW, 
Sontb  Coaat« 

R.  Goadima,  CDio- Canela I.,") 
2  Its.  F  109L.  43f. J 

Palos  

R.  Gtiadalquiver,  San  Lucar  1 
Lookout  J 

Rota,  p:er   

Cadiz,  93,  Observatory 

S  Fernando 

St.  Sebastian,  It  F,  Fl.  I46f.... 

C.  Trafalgar,  It.  F,  Fl.  168f.... 

Tar.fa,  It.  F  130f.  

Palomos  I 

Algeciras,  mole , 

Gibraltar, Dockyard  Flag- 1 

Mnff J 

Europa  Pt.,  It.  F  I50f.  


42°io' 
41  58 


41  52 
41  41 

40  53 

41  88 

40  39 
40  325 
40  23 
40  125 
40  11 
40    9 
39  36 
39  250 
39  2f8 
39  11 
3856 
38  47 
38  46 
38  41  8 
38  J04 
38  422 
38  425 
38  249 
38  32 
37  57*5 
37  18 

37     1 

36  597 

37  47 
37  5*2 
36585 
37    6 


37  "5 
37  135 
36  46  2 

36  36-6 
36  320 
36  27  7 
36  31  * 
36  108 
36  o 
36  37 
36    75 

36  73 
36    62 


Lon.  W 


8°43' 
8  21 


f  52 
8  50 

8  11 

840-5 
8  44 
8  12-5 
8  22 
8  255 

555 

8  5«'5 

9  5  ? 
305 
24? 

3 
19 
30 
265 
27 
195 

8-5 
112 

13 


5 53 

8  53 
8  34 

8  577 

8  55 
8  38  ? 
8  247 
7  497 
7  48^ 


24 

53 

21 

21-5 
172 
125 

19 

2 

367 
262 
267 


5  215 

S207 


654 
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MARITIME  POSITIONS 


(21) 


Plans 


J 


ft»A*W« 


Torre  Nuera ... 

C.  Sardinia,  towi-r ...... 

Dotuella,  It  F.  Fl.  59f. 

Sierra  Bcnneja.  Ml,  4728f.  ... 

Fuengiro,  Castle 

Sierra  de  Mijas  

Malaga,  ffi.  mole.  If.  F,  FL\ 

12.V. / 

VehaMa'ag*,  $n,  It.  F4H. 
C.  Sacratif,  A,  1,  It.  F,  Fl.) 

3i>0f. | 

Ailra,  fort,  It.  F  55f.  

Alburnn  I..  If.  F  H5f.    

It  8al>iud,li   F,  Fl  105f. 

Almcria,  Citadel 

C.  Ue  Gala,  It.  K  194f.  

Port  Genmes,  1,  Castle  ...... 

Pt.  Me*a,!t.  F.  Fl.  725f. 

Port  Aguihs,  C»stlc 

C.  dp  Cope,  823f.    

C.  Tinoso,  A,  1 .  It.  F  480f.  ... 
CartuL'ena,    Estomhrera    L,  \ 

It  F.  223f.  / 

C.  df  Pal  8,  It  R  263f. 

C.  Cervera  

1. 11a* 'A.  K  ex  r.  of  rk*..  *\g  \ 

JL,F,  Fl.  90f. / 

Alicante,  Castle,  (It.  Fr  26f.)... 
Ml  Roldan,  gup 


C.  Nao,Ept 

C  St  Antonio.  It  R  57 If. 
Mongo,  Mt,2497f. 


C.  Cnllcra,  tow..  It  F  9 If.. 
Valencia.  It.  ¥*  39f,  mole . 
C.  Canet,  tower 


C.  Oropesa.  It  F,  Fl  74f. ... 

Peniseolu  tow 

Columl.retes  Is..  It  F  262f. 
Port  Alfaques,  Pt.  de  U  Rami 

F.bro  R.,  8  passage 

C  Rock,  towt?r  

C.   Tortosa,  Buda,  H.  Rev.\ 

174f. / 

C.  ShIou,  pt,  h.  F,  Fl.  139f.... 

Tarragona,  It  F  54f. 

Barcelona,  fflj^,  mole  It  F, ) 

F1.43T. / 

Mt.  Jtti,  fort 

Mn-aro 

C.  Tohji,  tower   .................. 

Pt  Molno 

C.  St  Sebastian,  h  »um.,  It  1 

F,  Fl.  548f. J 

Medas  Is.,  ^  lmn  8  &  Eextr. 

La  Kscala 

C.  Norfeo,  A,  1,  E  pt 

Cadaqties  £,  Church   

C.   de    Crcua,    It    F,    Yl\ 

285f. / 


Lat.  19      Lon 


36°  1 2*3 

36 187 
36  25 
36  29 

36  33 
3638 

36  43 

36  43 

36  42 

36  44 
38  58 
36  41  * 
36  5<>3 
36  43 

36  45 
30  50 

37  234 
37  253 
37  32 

.,7  335 

37  375 

38  o 

38  10 

38  20-3 
38  36 

3<*43 

38  4*5 
3848 

39  "i 
39  268 

39  43© 

40  4 
40  23  o 

39  54 

40  33  5 
40  41-0 
40  490 

40  42  4 

41  30 
4i    7 
41  226 

41  21-8 
41  324 
41  43*2 
41  496 

41  53 

42  32 
42    7 
42  14 
42  17 
42  19*2 


West 


•'9'7 
16 

9 
13 

37 
40 


4  24 
4  7 
328 

3    i 

3    2 

2  42 
2  28  6 
2  It  2 
2  62 
1  54  5 
1  34'5 
I  28 

1  7 
o  58 

041 

o  40 

o  28 

o  287 

O   12 

East 
o  14 
o  12 
o  8 
West 
o  127 
o  19 
o  9 
Fa*t 
O  9 
o  25 
o  42 
o  39 
o  53 
0  45 
o  54 

1 
1 


10 
«5 
2  11 


10 

27 

58 

S 

12 

14 

8 

17 

17 

«9 


(22) 


Places 


JTCS. 

St  Pedro  de  Roda,  fort. „„.... 

C  Strnella «...  ..... 

C.  Bearn.lt  F75lf. 

Port  Vmdres,  It  Fl.  98f.  

Perpignan 

La  NouYelle,  It  F  *of. 

Nai  bonne,  Cathedral 

Fort  Brvscoti.H  8E  bast.,F  59f. 

A^ilc,  Mt..  It.  R4l3f. 

Cette.  ffl,  Ft  Louis,  It  F  105f 

Montpvlier 

Aigued  Mortes,  It  F  33f. 

W.  Mo.  of  Rhon*,Catiiurgue, ) 

2  ltK.  F  125f.,38f / 

P.de  Bouc,  CD,  2  lis.  cut.  F\ 

49f.,  95f. ../ 

C.  Courunne  .« 

Marseille,  St  Jean  Ft,  F  30f. 

—  Obskryatory  ...... 

PI  .n  er  I.,  It  Fl.  207f. 

Mt.StMichael,$cniaph.,134l1. 

1.  Riou,  KW  I  m..  lower    

Cassis,  ffj,  Port,  2  Is.  F  92f.,  \ 

Slf... J 

Caasidafgne  2 

Ciotat  Poit,  li.F4Uf. 

Batidol,  Church 

C  Sicie,  Semaphore ,. 

Toulon,  S,  OtaeTratory  ...... 

Grd.  Ribeau,  It  F  1 1 21.    

Porquerel  es  I.,  ■£■  4m,t  8  pt.,  \ 

It  F,  Fl.  262f. / 

Port  Cross  l„  J^  2  Jm.,  Furt  \ 

Vigie  J 

Titan  I.,  #  4jm.,  NE  pan,  1 

lt.F246f. —  ; 

C.  Camarat  It  R  426f. .. 

St.  Trupez  .....•....•«•#.*««««.... 

Frejus,  $    

C.  Koux.  1,  t.8"1"-  I600f.... 

Cannes, S  tower.. 

Lenin  Is.,  EW  2m,.  S  cxtr.  rka. 

C.  Garoupe,  It  F  338f. 

Antibes,  CO  "•  karb.  It.  F, Fl.  491, 

8t  Laurent  dn  Vaf 

Nice,  8t  Francis  Church  

—  Or^bryatomy,  Mont-gros... 

Villa  Franca,  EB •••♦ 

C  Fcrrat,  It  Rev.  229£     

Monaco  .....................—«... 


FoTinemeraI.,%  3m^SEpt,  ^ 

It.  F450f.   / 

B  pt,or  Pt  Anguik,  1 

iYiza,  Port  St.  Antonio,  Q,^ 
Conejera  l„  It.  Rev.  289f.  J 
-Grosa  Pt,  It  Int  180f....... 

Iviza,  S,  Castle 

Cabrera  I.#3jm.,564f.,Pt. ) 
Ansiola,  It  Rev.  404 f.   ...  J 


Lat  N     Lou.  E 


42clo/o 
42  210 
42  3«o 
42  3«  3 

42  43 

43  O'S 
43  i' 
43  «5'5 
43  "7  9 
43  238 
43  37 
43  32*o 

43  207 
43  236 

43  »9 

43  '7  7 
43  183 
43  11  "9| 
43  »3 
43  «o 
43  i2-8 
43  87 
43  "03 
43  82 
43  32 
43  7  5 
43  * 
42  590 

42  59*9 

43  28 
43  12-0 
43  «4 
43  25 
43  28 
43  32'9 
43  30 
43  33'8 
43  35» 
43  407 
43  42  d 
43  43  3 
43  42  I 
43  40  o 
43  43  © 


38  39 
3»3« 

*594 

39  5 

38  54  3 


39  7  2  2  55 
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MARITIME  POSITIONS 


(23) 


Place* 


Lat  N     Lon.  B        (24) 


Plaices 


Lat  N    L.n.  E 


Majorca,  C.  Salinas,  /,  fl ,  It.  1 
F50f. / 

C.  Blanco.  1,  If.  F  292f. 

Palma,  mole.  It,  F  35f.  

C.Cala  Figuera.  T.  It.  F  ll5f. 

Dragonera  I.,  #  2m.,  It.  F,  \ 
F'L  1180(1    / 

Mt  Gabtzo,  33f3f.    

C.  Formeiiton,  if  It.  R592I... 

C.  Pera,  1,1l  F,  Fl.  24lt.  ... 

Minorca,  C.  Dartuch,  L,  T ,  1 

ltF,  Fl.  7lf. / 

C.  Bajoli,  i,  low.  256f. 

C.  Cavalleria,  hf  1.  li.  F  309?'. 

Mahoti,  ffl,  l».  F73f. 

AyreL,  EW  Jin.,  It  lie*.  17  If 


BAM9TK2A. 


Kazzoli  I.,  It  F  2S2f. 

C.  dcllaTesta,  T ,  It.  F,  Fl.  220f. 

Port  Torres,  CQ.  It  F  47f. 

A>in»ra  I.,  #  10m.,  I239f.  ... 

C.  Falcone,  low.  610f. 

C.  Argeutera,  sum 

C.Caccia,  T » P.Cunte,  9,  stun, 

Alphero.  Cathedral 

C.  Marargiu,  rk 

C.  Mannu,  tow.  on  N  pt 

Mai  di  venire,  rk s.  ^*3mM  mid, 
Coscio  di  Donna,  rk.  [J  c]  ... 

0.  St  Mirco,  tower  , 

C.  Frasca    

Oristauo,  grt  tower 


Mt  Arcuento  (or  finger  ofl 
Oristano),  27l3f.    J 

C.  Pecura,  pt,  tow 

St.  Pietro  I.,  NS  5jm.,  7()2f.... 

St  Antioco  1.,  NS  9iu.,  S  \ 
sum.  781f.   J 

Turork.,  T,  500f. 

C.  Tea]xd.i,  1,  T,  sum.  725f 

Port  Mall'ataiio.  ffi.  tow 

C.  Spartivento,  It  F  264f. 

Cagliari,  w,  St  Pancras  Ch.... 

Cavoli  I.(off  C.Curbouaru),tow. 

C  Ferrato,  l,80f.  pt 

Mt  Seven  Brothers,  3186f. 

C  Bellavista,  It.  F  541f 

Ml.  Gennargentu,  6102f.  ... 

C.  Ct>mino,pt    

Limbarra,  pk.  433 If. , 

Tav.lam  I.,  #  3£m.,  E  pt 

C.  Figari,  sum 

Hock    , 

Caprera  1.,  NS  5m.f  sum.  .. 

Madalena  L,  old  fort  ..••••••< 


comsxcA. 

C.  Orso,  Giroglia  I.,  It.  R 

269f 

St  Fiorenza,  centre  of  town... 
Pt  Pcrallo 


39°  16' 
39  22 
3>  341 
39  28 

39  35 

39  39 
39  58 
39  43 


39  55 

40  1 
40    58 
39  525 
39  48 


41  183 
41  15 

40  50*2 

41  58 
40  573 
40  43  7 
40  33-5 
40  335 
40  197 
40  2-5 
39  59 
39  528 
39  5"  2 
39  46 
39  54'3 

39  35*7 

39  27 
39    97 

38  583 

38  5«° 
38  5«9 
38  531 

38  52 

39  132 
39  6-1 
39  I7'5 
39  18-5 

39  55  8 

40  1 
40  3* '4 
40  51  o 
40  548 

40  599 

41  169 
41  129 
41  13*4 


43     18 

42  41  o 
42  44*  1 


30  4, 

2  47 
2  38  5 
2  32 

2  19 


3' 
"3 

285 


49*5 

48 

55 
180 

»7 


9  207 
9  9? 
8  247 
8  18? 
8  12  2 
8  90 
8  10? 
8  19  ? 
8  235 
8  24-0 
8  18 
8  17? 
8  265 
8  27 

8317 
8  335 
8  252 
8  177 
8  260 

8  25  2 
8  39? 
8  487 

8  $4 

9  77 
315 
400 
265 

435 

19 

505 

iro 

450 

397 
290 
290 
240 


9  24-2 
9  180 
9  U4 


CaM,  Pt.  Kivcllata,  It.  F  289f. 

C.  Rosho,  W  pt 

Stinguinarvs  Is.,  J*   Im.,  It  1 

F,  Fl.  321f. .,..../ 

Ajaccio.  Cathedral.... 

(J.  Muro,  8W  pt 

C.  Campo  Moro,  9,  tower    ... 

Pt  Seueteso.  A,  exir 

C.  Fcno,  It  F  65f. 

Bonifacio,  ffl.  It  F  9Sf. 

PertuMUo,  It  R  325f. 

Port  8u.  Manza,  9,  Pt  Ca-  ^ 

picciolo,  tower    J 

Porto  Vecchio.ffl.ChiapePt,,  1 

it  F,F).  9l7f. ) 

K.  rxir.  Fiorentina,  tower 

Bastia,  ffl,  Dragon  ba*tion, ) 

It  F82f. / 

Mouie  Stcllo.  4532f.  

Finocchiarola,  to«er.„ 


XTAX.T. 
West  Coast. 

C.  8t  Martin 

Veutimiglia  Pt 

Mt.  Grande,  31  <M)f. 

C.  del  Armi 

Port  Maurizio,  mole  hd 

C.  de  la  Mele,  h 

Gallinara  1.,  tower 

Finale,  Church   

Noli,  Conv.  St.  Francisco...... 

Vado,  Fort  St.  Lorenzo 

Savtina,  CD12,  Citadel.... 

Pollark 

Genoa,  9.  9  Its.,  Int.  340f.,  \ 

F92f,  F69f. / 

Pt  Chltpa,  sum 

C.  Porto  Fino,  fort 

Sestri  di  Levante,  fort  

Port  Venere,  9,  N  entr 

Tino  I.,  It  Fl.  (electric)  384f. 

Spezzia,  9,  Castle 

Monte  Ah iasirao,  2213f. 

Viareggio,  Sanita  

Arno  It,  mouth,  fort............ 

Pisa,  leaning  tow. 

Florence,  Duomo 

Malora,  shoal,  It.  F  60f. 

Leghorn,  ffl,  It  Uwr  154f. 

Gorgona  1.,  NS  1  Jm.,  A,  mid. 
Val  di  Vetro  rfM^  3m.,  W  pt 

Cast  agnetto,  fort 

C.  Buia,  tower 

Piombino,  palace 

C.  Troja,  tower  , 

Casti^lione,  fort 

K.  Ombrone,  mouth  

Formic  he,  ^  2m.,  N  one  32f. 

Talamone    

St  Stefano,  centre  of  town  ... 

Mt.  Argentario,  telegraph 

Capraia  I.,  ■#■  4m.,  fort 

Palmajola    I.,  NS    £ni.f   It  \ 

F,  Fl.  334f. / 

Elba,  Nextr,orC.  Vim 


42°35'2 
42  143 
41  52* 
41  55o 
4i  445 
4i  38-5 
4"  340 
41  238 
41  238 
41    22*2 

41    25  I 

41  36 

42  170 
42  418 

42  475 
42  593 


8343'5 
8'32  5 

8  357 

8  417 

S  ZV 
8485 

8  47  o 

9  5? 
9  9? 
9  112 


9  157 

9  22 

9  33? 
9  27-0 

9  250 
9  28*0 


43  43 

7  33 

43  45 

7  43 

43  50 

7  37 

43  49 

7  54 

43  532 

7  59  0 

43  58 

8  11 

44  21 

8  13 

44  9*9 

8  190 

44  "9 

i227 

44  I5'5 

8245 

44  184 

8  277 

44  250 

8  460 

44  24 

8  54  0 

44  20-0 

9  1*5 

44  18  2 

9  '4? 

44  i6'4 

9  25  5 

44  32 

9  52  7 

44  I 

9  5"*° 

44  6-3 

9  522 

44  3 

10  14 

43  5 "8 

10  157 

43  408 

10  167 

43  435 

10  24*0 

43  46  6 

"  15  5 

43  326 

10  127 

43  327 

10  177 

43  258 

9  53  5 

43  182 

10  21  7 

43  107 

10  32  7 

42  59  7 

10  297 

42  55  7 

10  317 

42  48*1 

10  445 

42  46*0 

10  53  0 

42  39 

11  05 

42  34'* 

10  53 

42  323 

11  8 

42  26-4 

11  7-2 

42  23  2 

11  105 

43  3'2 

9  5o*5 

42  51-9 

10  28  7 

42  52  6 

10  247 

654 
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MARITIME  POSITIONS 


(SI) 


Places 


ITAIV. 

Torre  Nuera ........ 

C.  Sardinia,  tow«r... 

Dome1la,lt  F,  H.  59f. 

Sierra  Bcnneja.  Mt.,  4728f.  ... 

Fuengiro,  Castle 

Sierra  de  Mijas  .. 

Malaga,  (B,  mole.  If.  F,  Fl.\ 

I2*f. / 

Velc«  Ma'ag*,  $n,  It.  F  -fit. 
C.  Sacratif,  A,  1,  It.  F,  Fl.) 

320f J 

A<lra,  fort,  If.  F  55f. 

Albornii  I.,  It.  F  II 5f.    

It  8abiml.lt  F,  Fl  105f. 

Almeria,  Citadel 

C.  de  Gata,  It.  11  194f.  

Port  ( iennvea,  1 ,  Castle  ...... 

It.  Meaa,h.F,  Fl.  726f. 

Port  Aguilns,  C»stle 

C.  de  Co|Kf,  8'23f.    

C.  Tinos«»,  *,  1 .  It.  F  480f.  ... 
Cartagena,    Estombrera    \.,\ 

It  F.  223f.  / 

C.  de  Pal  8,  It  R  263f. 

C.  Cemra  

I.  liana.  Kex  r.  of  flu.  *fe  I 

1,  F,  Fl.  9of. / 

Alicante,  Castle,  (It.  F*  26f.)... 
Mt  Roldan,  gap 

C.  Nao,Ept 

C  St  Antonio.  It  R  57 If.    ... 
Mongo,  Mt,2497f...... 

C.  Collcra,  tow„  It  F  91f. 

Valencia,  It.  F*  39f.,  mole 

C.  Canct,  tower 

C.  Oropesa.  It  F,  Fl  74f. 

Pcfiiaeola  tow 

O.lumbrctes  Is..  It  F  262f.  ... 
Port  Alfaques,  It.  de  la  liana 

F,bro  R.,  8  passage 

C  Rock,  tower  

C.  Tortosa.  Buda,  It  Rev.\ 

174f. / 

C.  frilou,  pt„  It.  F,  Fl.  139f.... 

Tarragona,  It  F  54f. 

Barcelona,  fflj1^,  mole  It  F, ) 

F1.43f. / 

Mt.  Jui,  fort 

Ma'aro 

C.  To<nf  tower 

It.  Molno 

C.  St  Sebastian,  h  *um.,  It  1 

F,  Fl.  548f. J 

Medas  Is.,  *(,  Int,  8  &  Cextr. 

La  Kscala 

C.  Norfeo,  A,  1,  E  pt 

Cada<]iie<<,  gg,  Church  

C.  de    Creua,    It    F,    Fl.  ) 

285f. j 


Lat.  19      Lon 


36°  1*3 
36  187 
3°  25 
36  29 
36  33 
3638 

36  43 
36  43 
36  42 

36  44 
38  58 
36  41-2 
36  5<>3 

36  43 
3°  45 
3o  5° 

37  234 
37  25  3 
37  3* 

..7  33*5 

37  375 

38  o 

38  10 

38  20-3 
3836 

3<*43 

38  4*5 
3848 

39  " 
39  268 

39  43© 

40  4 
40  23  o 

39  54 

40  33  5 
40  41*0 
40  490 

40  42  4 

4i 
4i 

41  22  6 

41  21*8 
41  32*4 
4"  43'2 

41  496 

4i  53 

42  32 
42    7 
42  14 

42  17 

42  19*2 


3'°| 
7 


Vest 


I9'7 
16 
9 
13 
37 
40 


4  24 
4  7 
328 

3    1 

3  * 
2  42 
2  28  6 
2  112 
2  62 
»  54  5 
I  345 
I  28 

1  7 
o  58 

041 

o  40 

o  28 

o  287 

O   12 

East 
o  14 
o  12 
o  8 
West 
o  127 
o  19 
o  9 
Fan 
o  9 
o  25 
o  42 
o  39 
o  53 
0  45 

0  54 

1  10 

1  '5 

2  11 


10 

27 

58 

8 


3  I* 


3  »9 


(22) 


Places 


© 


CS. 

St  Pedro  de  Roda,  fort...... 

C  Strnella 

C.  Beam,  It  F751f. 

Port  Vcndres,  It  Fl.  98f.  ... 

Perpignan 

La  NouTelle,  It  F  5of.  ...... 

Nai  bonne,  Cathedral..,. 

Fort  Brcscotijt  8E  bast.,F  59 f. 

A^ilc,  Mt.  It.  R4l3f. 

Cette.  9,  Ft  Louis,  It  F  I05f. 

Montprlier 

Aiguts  Mortes,  It  F  33f. 

W.  Mo.  of  Rhone,Caniurgue, ) 

2  It*.  F  mf.,38t  / 

P.de  Bouc,  CS,  2  Its.  eut.  F\ 

4**f„  95f. ......./ 

C.  Cooronno 

Mane.lle,  St  Jean  Ft.,  F  30f. 

—  OaSKRTATOaT  ...... 

PI  .n-er  I.,  It   Fl.  207f. 

Mt.StMichHel,Scniaph„134ll. 

I.  Riou,  KW  Ira.,  lower    

Cassis,  m,  Port,  2  Is.  F  92f.,\ 

3lf. J 

Cassidaigtte  2 

Ciotat  Foil,  lt.F40f. 

Batidol,  Church 

(X  Sicie,  Semaphore  ............ 

Toulon.  Q,  Observatory  ...... 

(ird.  Rihrau,  It  F  1121.    

Porqnerol  es  I.,  ■£■  4 in.,  8  pt.,  \ 

It  F,  Fl.  262f. / 

Port  Cross  I„  J^  2  Jul,  Fort  \ 

Vigie  J 

Tiiaa  I.,  ^  4jm.,  NE  pan,  ( 

It  F246f.    4 J 

C.  Camunt  It  R  426f.  ^.. 

of.  I  ropes  .««.....«....#.#«.«..... 

Fivjus,  t    

C.  Roux.  1,  tt"um.  I600f.... 

Cannes, S  tower. 

Lenin  Is.,  KW  2m..  8  cxtr.  rks 

C.  Garoupe,  It  F  338f. 

Ant.bes,  ffl".Harb.lt.  F,F1.49t\ 

8t  Laurent  dn  Var 

Nice.  St  Francis  Church 

—  Ott-RKVATOKY,Mont-grO*,.. 

Villa  Franca,  S 

C  Kcrrat,  It.  Rev.  229£     ... 
Monaco  ........................ 


For  in  enters  I.,  %  3m^SEpt,  *) 

ltF45of. / 

B  pt,or  Pt  Aaguila,  l 

Iriia,  Port  St.  Antonio,  BB,\ 
Conejera  U  It  Kev.  289f.  J 

—  Orosa  Pt,  It  Int  180f. 

Ivixa,  Eg,  Ciistle 

Cabrera  I..#3jm.,  564f.,Pt ) 
Ansiola,  It  Ret.  404 f.   ...  J 


Lat  N     Lou.  K 


42°lo'o 
42  21  o 
42  310 
42  31  3 

42  43 

43  o-8| 
43  »  » 
4i  «5*5 
43  "7  9 
43  238 
43  37 
43  320 

43  207 

43  23  6 

43  »9 

43  '77 

43  183 

43  "9i 

43  »3 

43  »<> 

43  128 

43  87 
43  10  3 
43  82 
43  32 
43  7  5 
43    * 

42  59'o 

42  59*9 

43  28 
43  120 
43  14 
43  25 
43  28 
43  32'9 
43  30 
43  33'8 
43  35» 
43  407 
43  42  o 
43  43  3 
43  42    I 
43  40X) 
43  43  ° 


13 
75 
70 

53 
4-o 
0-2 
3010 
30-2 

3  42'2 

4  80 
4  4i*o 

4  59*2 

5  3 

5  217 
5  23  > 
5  "4-o 
5  22 
5  23 
532*0 


33^ 
30  7 
45  5 
510 
560 
8 


6  12  5 

6  242 

*  3*7 

6  40*7 

634 
6  46 

6  55 
10 

3 
8 

77 

■  I'D 

17-0 
18 
18 
195 

2ro 


38  39 
3»3« 

3*594 

39  5 

38  54  3 

39  7  2     2  55 


«  35 
1  23 

1  13c 

1  36 
1  26  7 
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(13) 


Place* 


Lat  N     Lon.  E 


(24) 


PlilCCS 


Lat.  N 


I>'D.  £ 


Majorca  C.  Salinas,  /,  J£ ,  It  \ 
K50f. / 

C.  Blanco.  JL,  h.  F  292f. 

I'ahna,  mole,  It,  F  35f.  

C.Cala  Figuera,  T.  It.  F  II 5f. 

Drnqunera  I.,  J*  2m.,  It.  F,  \ 
Fl.  11801    ...     / 

Mt  Gabtzo,  33f3f.    

C.  Formenton,  l,  It.  R592I... 

C.  Pera,  l,lt  F,  Fl.  24lt.  ... 

Minorca,  C.  Dartuch,  L,  T ,  1 

ItF.Fl.  7lf. J 

C.  Bajoli,  1,  tow.  2»6f. 

C.  Cavalleria,  h,  J..  It.  F  309?. 

Malion,  ffl,  It.  F73f. 

AyreL,  EW}ui.,lt  Rev.  1711 


39° 1°' 

39  22 
3)  341 
39  28 

39  35 

39  39 
39  58 
39  43 


39  55 

40  1 
40    5-8 
39  5*5 
39  48 


Razzoli  I.,  It  F  282f. 

C.  dcllaTesta,  T ,  It.  F,  Fl.  220f. 

Port  Torres,  [JJ,  It.  F  47f. 

A4nara  I.,  ^  10mM  I239f.  ... 

C.  Falcone,  tow.  610f. 

C.  Argeutera,  sum 

C.  Cacria,  T » P.  Conte,  ffl ,  sum. 

Alphero.  Cathedral    

C.  Marargiu,  rk 

C.  Mannu,  tow.  on  N  pt. 
Mai  di  ventre,  rks.  ^  3m.,  mid. 
Coftcio  di  Donna,  rk.  [J  c.]  ... 

C.  St.  Mm-o,  tower  

C  Frasca    

Oristano,  grt  tower   

Mt  Arcueuto  (or  finger  ofl 

Oristano),  271  .if.    J 

C  Peeora,  pt.,  tow 

St  Pietru  I.,  NS  5jm.,  702f.... 
St  Antioco  I.,  NS  9m.,  S\ 

num.  781f.   J 

Turork.,  T.  500f. 

C.  Teuladi,  1,  T\  sum.  725f 

Port  Mallatano.  ffl.  tow 

C.  Spartivento,  It.  F  264f. 

Cagliari,  w,  St.  Pancras  Ch 

Cavoli  I.(off  C.Cnrboitaru),tow. 

C  Ferrato,  l,80f.  pt 

Mt.  Seven  Brothers,  3 1 86f. 
C  Bellavitita,  It.  F  54lf.  ... 
Mt.  Gennargentu,  6102f.  . 

C.  Cwmino,pt    , 

Limbarru,  pk .  433 If. 

Tav.lara  1.,  dM|m.,  E  pt 

C  Figari,  sum.  

lWk    

Caprera  1.,  NS  5m.,  sum.  . 
Madalena  L,  old  fort ... 


CORSICA. 

C.  Orso,  Giroglia  I.,  It.  Hi 

269f / 

St.  Fiorcnza,  centre  of  town.., 
Pt.  Fcrallo , 


43     18 

42  41  o 
42  44- 1 


30  4' 

2  47 
2  38  5 
2  32 

2   19 


31 

13 

28-5 

49*5 
48 

55 
180 

»7 


41  183 

9  207 

41  15 

9    97 

40  502 

8  247 

41  58 

8  18-? 

40  57*3 

8  12  2 

40  43  7 

8    90 

40  335 

8  10? 

40  33*5 

8  19  2 

40  197 

8  235 

40    2-5 

8  240 

39  59 

8  18 

39  528 

8  17? 

39  51  * 

8  26-5 

39  46 

8  27 

39  54'3 

8317 

39  357 

8  335 

39  27*  1 

8  252 

39    97 

8  177 

38  583 

8  26-0 

38  516 

8  252 

3^  5«9 

8  39  7 

38  53*1 

8  487 

38  52-5 

8  S*'S 

39  »3  2 

9    77 

39    6-i 

9  31-5 

39  17*5 

9  400 

39  185 

9  265 

39  55  8 

9  435 

40     1 

9  19 

40  31-4 

9  50  5 

40  51  0 

9  no 

40  548 

9  45o 

40  599 

9  397 

41  169 

9  290 

41  129 

9  290 

9  24  o 


9  24  2 
9  180 
9  134 


u.,  It  1 


Cahi,  Pt.  Kivcllata,  It.  F  289f. 
C.  Roxao,  W  pt.... 
Sanguinarcs  Is.,  J*   lm 

F,  Fl.  321f. 

Ajacc'o.  Cathedra] . 

C.  Muro,  SW  pt 

C.  Campo  Moro,  9,  tower    ... 

Pt  Seneieso.  A,  exir 

C.  Fcno,  It  F  6*f. 

Bonifacio,  ffl.  It.  F  9Sf. 

Pcrtutato,  It.  R  325f. 

Port  8u.  Manza,  ffl,  Pt  Ca- 1 

picciolo,  tower    / 

Porto  Vecchio,  ffl, ChiapePt,  1 

it  F,F1.  2l7f. J 

K.  extr.  Fiorentina,  tower 

Bastia,  QJ,  Dragon  bastion,  \ 

It  F82f. / 

Moute  Stcllo,  4532f.  

Finocchinrola,  to«era## 


ITAI.Y. 
Wait  Coaat. 

C.  8t  Martin 

Veutimiglia  Pt 

Mt.  Grande,  3  lOOf. 

C.  del  Armi 

Port  Maurizio,  mole  hd 

C.  de  la  Mele,  h 

Gallinara  I.,  tower..... 

Finale,  Church   

Noli,  Conv.  St.  Francisco 

Vado,  Fort  St.  Loreuzo 

Suvona,  CD11,  Citadel 

Pollark 

Genoa,  ffl.  3  Its.,  Int.  340f.,\ 

F92f,  F69f. / 

Pt  Chit  pa,  sum 

C.  Porto  Fiuo,  fort 

Sestri  di  Lev  ante,  fort  

Port  Venere,  ffl,  N  entr 

Tino  I.,  It.  Fl.  (electric)  384f. 

Spezzia,  ffl,  Castle 

Monte  Ah issimo,  S213f. 

Viareggio,  San  it  a  

Arno  H.,  mouth,  fort 

Pisa,  leaning  tow 

Florence,  Duomo 

Malora,  shoal,  It.  F  60f. 

Leghorn,  ffl,  It  Rwr  154f. 

Gorgoua  1.,  NS  l|m.,  A,  mid. 
Val  di  Vetro  rf.,^  3m.,  W  pt 

Castagrtetto,  fort 

C.  Buia,  tower 

Piomhino,  palace 

C.  Troja,  tower  • 

Casti^lione,  fort 

R.  Ombrone,  mouth  

Formiche,  ^  2m.,  N  one  32f. 

Talamone 

St  Stefano,  centre  of  town  ... 

Mt.  Argentario,  telegraph 

Capraia  I.,  ■#■  4m.,  fort 

Palmajola    L,  NS    £m.f   It  \ 

F,  Fl.  334f. / 

Elba,  N  extr,orC.  Vit* 


42°35'* 
42  14*3 

41  52* 

41  55*° 
41  445 
4i  3«'5 
41  340 
41  238 
41  238 

41  22*2 
41    25  I 

41  36 

42  170 

42  41  8 

42  47*5 
42  59*3 


42  519 


S'43'5 
8325 

8  357 

8  417 
8  39*5 
8485 
8  470 


57 

9? 

112 


9  157 
9  22 

9  337 
9  270 

9  250 
9  280 


43  43 

7  33 

43  45 

7  43 

43  50 

7  37 

43  49 

7  54 

43  53  2 

7  59  0 

43  58 

8  11 

44    21 

! ,3 

44    99 

8  190 

44  "9 

l22l 

44  15*5 

8  245 

44  "84 

8  27  7 

44  250 

8  46  6 

44  24 

8  540 

44  200 

9  10-5 

44  182 

9  147 

44  16*4 

9  255 

44    32 

9  52  7 

44     I 

9  5«"o 

44    6-3 

9  52? 

44    3 

10  14 

43  518 

10  15  7 

43  40'8 

10  167 

43  435 

10  24*0 

43  46  6 

11  155 

43  32  6 

10  127 

43  327 

10  17  > 

43  258 

9  535 

43  182 

10  217 

43  107 

10  32  7 
10  297 

42  597 

42  55  7 

10  317 

42  48' 1 

10  445 

42  46*0 

10  53  0 

42  39 

II     05 

42  34*6 

10  53 

42  323 

11    8 

42  264 

11    7-2 

42  23  2 

11  105 

43    3"2 

9  505 

10  287 


42  52-6   10  247 


MS 
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Placet 


N 


EIb;i,  Purto  Fenajo,  ffi.  It.  F, ) 
St  IU  fort,  200f.    / 

—  W.  oxtr.,  or  Pi.  Mortiplittiio 

—  Port  Longone, Citad.  Ch....j 

—  Mt.  Calamita 

Pianos*  I ,  NS  3m.,  t  It.  !<«▼.  \  I 

HOf.    f 

Africa  rk.,  or  W.  Formiche.  6f. 
Moutecristo  *U  *fe  *ra->  *076f. 

Giglio  I.,  \  5m.,  S  pt 

Gianuti  I.,  ^  2m.,  S  pt.   ... 
Formica  di  Burano ..... 


CmtaVecchia,ffi,lt.F,FL  ISlf. 

C.  Linaro.  rf.  [Jm.]  

Tiber,  K.  Fiiimicinn,  2  Its.  F. 

Rome,  St.  Peter'*,  dome | 

Obsrrtatory   

Port  Anzio,  CD,  It.  F,  Fl.  92f. 
Monte  Circeliot  It  F  125f.    ... 

Terracina,  It.  F  26 

Gneta,  It    F,   Fl ,  St.  Ca-\ 

thetinetow.,237f. J 

Moln,  watering  pi 

Castel  Voltnrno 

Puntiarola  I.,  NS  ljm.,  N  pt. 
Pm.za  I.,  #  4m.,  (It  F  2<K)f.) 
Zonnone  I„  KW  lm.,  It  F,\ 

Fl.  3ff.    / 

Bwtie,  rks 

Vandotm*  I.,  &   Ijinn  Tt\ 

Fort  St  N»c«la J 

lscl.ii  1„  *b  5$m..  Castle,  E  pt. 
Pmcida  I..  NS  2m.f  N  pt,\ 

It  F76f. J 

Baia,  Castle    

C.  Mi*  do,  pt.,  It.  F,  Fl.  292f. 

Pozxuoli,  Church  

Naples,  Obs.  C.ipo  di  Monte.. 

,  mole  it.  F,  Fl.  I6lf... 

Torre  del  Greco,  W  extr. 

Mt  Vesuvius,  3900f. 

Castelflmare,  It.  F,  Fl.  105f.... 

S<  Tien  to,  Fort  St.  Aoton 

Pt.  Campauella,  It.  Int.  &>f. ... 
Capri    I.,   EW    3m„  8or"| 

CHrens  Pt ,  It  F,  Fl.  238f.  ( 

Mt  St  Angclo.  4680f.  

Galli  rks.,  tower 

Salerno,  2  Its.  F  28f.f  13f. 

C  1-icosa 

C  Palmuro,  It  F  67.5f. 

Poicastro 

Dino  I„  EW  3c,  tower 

Cirella  I.,  tiwer 

Mt  Cocuzza  

St.  Euferoia 

C.  Vaticano,  It  F,  Fl.  354f.  ... 

Gioja  

Scyll* 


Reggie  Church,  It  F  72f. 

Stromboli,  3090f. 

Pauaria  I.,  N  pt 

Secca  di  Capo 

Suliua  I.,  Salvaiore  M.t  3l25f 
I.ip.tri  I.,  summit,  I978f.    


Lon.  E 


4*°48'3 
42  46*2 

42  458 

42  43  * 

42  35 
42  215 
42  20  3 
42  192 
42  14  2 
42  230 

42  57 
42  2 
41  46 
41  542 
41  53  9 
41  269 
41  134 
41  17 

41  ia-4 

41  15-° 
41  a-5 
40  567 
40  540 

40  582 
40  504 
40  47  5 
40  439 
40  462 

40  487 
40465 
40  49*2 
40  51  -8| 
40  503 
40  472 
40  49 
40  41  5 
40  37  '6 
40  34*oi 

40  32 

40  39 
40  340 
40  39 
40  14 
40    o 
40    1 
39  480 
39  37 
39  16 
39    3 
38  37-2 
38  24 
38  14  5 

38  7 
38  48  2 
38  387 
38  37  2 
38  33  2 
38  29 


:-0| 


IO°20'5 

o  62 
o  24-2 
o  237 
o    6 


37 
185 

55  -i 

6'5 

»3'5 

47 
50 
135 

272 
287 
375 
45 
157 


3  34  7 

3  36o 
3  57*0 
2  515 
2  582 

37 
62 

260 


577 
1*0 

50 
5? 
7? 
•47 
15  7 
217 
26- 

28'2 

225 
"9  5 


4  117 


3> 

265 

45 
53 
18 

33 

4*7 

50 

16 

«5 

56 
45  -o 


5  39 
5  137 
5  45 
4  545 
4  5<>7 
4  5o 


(*«) 


Places 


i 


Vulcano  L,  IGOIf.,  It.  F,  FL... 
Felicucli  I.,  2598f„  Church  ... 

Alicudi  L,  summit,  2I72f. 

Ustica    L,   ■#>   3m.t    UomoO 
Mono  pt,  k.  F,  Fl.  &28f.  J 

•XOXX.T. 

Faro  I„  It.  F,  FL  147t 

Messina,  ffi.  It  F,  Fl.  134f. ... 

Sealetta,  fort  

Trixxi  Tnwcr 

Mt  Etna,  lo^74fl 

Catania,  Sciara  Biscart,  h,V9"\ 

Fl.98f. / 

C.  ^ta,  Croce,  It  F  91f 

Augusta  Port  S,  It  F,  Fl.  881. 

C.  Panagia,  pt 

Syracuse,  Q,  w,  r,  1t.  F  82f. 
C.  Motro  di  Purco,  It  FL  108t. 

Avola  

Passaro  L,  NS  lm.T  It.  F,  Fl.  \ 

I.i7f.     / 

—  8.  cxtr.,  or  Co  >  rent  i  L 

CScalamhri.lt  F  12  If.   

Terra  Nuova,  Col 

licata.  Castle,  It  F  3xf. 

Rossello,  h.  F,  FL  824f.    

Girgeoti,  QQ,  Mole  It.,  3  Us.  F 
C.  Bianco,  9uf.,  (shl.  Jm.  S),  \ 

towar  J 

C  St.  Marco,  fort,  tow 

C  GranitoU,  It.  F  123f.    

Mazzara,  Cathedral   

Marsa'a,  It  F,  Fl.  65f.  

Trapani,  Q],  Coluiubara,  It \ 

F,  Fl.  134f. / 

St.  Julian,  Cuttle   

Mariiimo  I.,NS  3m ,  2376f„\ 

Npt,  Castle  / 

Leransol  .^SmMNpttT.tow. 
Favignana  I.,  EW  5m.,  St  \ 

C»th.  Castle,  1249f.   j 

Porvelli  3l«.»  #  fm-»  T 

Formiche,  It  F  85f.  

C.  St  Vito,  It  F,  FL  142f.   ... 

Castel  a  Mare,  Peirolo  Pt 

C.diGa)lo(1692t.),lr.Fl48f. 
Palrbmo,  S,  Observatory 
C  Zaff.m.na,  It.  F  11  If.    ... 

Termini,  forr,  !t  F  30f. 

Cefalu,  Othcdral  

Car  nit,  Castle  

C.  Orlando,  1,  Cattle  

C.  CtLnra    

Milazxo,  H.  F  288f.    


Skerki  Bank,  1   

Keiths  rf?  I 

Pautellaria  I.,  S.  Leonardo, }. 

windmill J 

sum,  2730f. 


Grahams  shl.,  isf. 
Linosa  I.,  ^  1  Jra ,  landg.  core 
lampion  I.,  Ji  hn.    ... 
Lampedusa  I.,  EW  6m. 


9,  Castle 


T'} 


LntN 


Lon.  E 


38°22'I 

38  34 
38  32  7 

33  42  5 


38  15*8 

38    H-2 

39  17 

37  34*4 
37  45 
37  29 

37  14*5 
37  128 
37  65 
37  30 
37  0*0 
36  55  ? 
36  41  2 

36  385 

36  47 

37  2-9 
37  60 
37  17  5 
37  17 

37  23  2 

37  295 
37  337 
37  292 

37  47  4 

38  07 
38  227 

37  5*7 

38  16 

37  557 

38  45 

37  59 

38  11 
38    25 
38  135 
38    67 
38    65 

37  59*5 

38  22 

37  59 

38  98 

38   I2'S 

38  161 

37  455 
37  486 

36  50 
36468 

37  9„ 
35  5«  f 
35  328 

35  292 


140  59*o 
14  34^ 
14  21  1 

13  117 


15  397 
15  35  2 
15  277 
15  11  2 
15    0-2 

15    6 


16 

14 
17-0 
18-5 
21 


IS    97 


52 

297 
150 

57o 
277 
325 


13  «7 

13    2 

12  40-2 
12  357 
12  27 

12  JO-2 
12    36 

12  37 
12  21-0 
12  19-2 


27*0 

26 

44*2 

54 

10*2 

215 

3*5 
4. "2 

n 

27 
45*0 

54 
140 

497 
566 


"i  57 


*5 

43 
520 

20-0 


12   35  2 
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MARITIME  POSITIONS 


(W) 


Places 


I 

5 


MALTA. 

Valetta,  ffi.  Palace 

Spencmr's  Monument 

St  Elmo,  It  F  167f.  

SB    eztr.t    Pt    Dellamara,\ 

(if.  Ijm.),  ltR  I51f. J 

Goto  L,  *fe  9m.,  NW  pt,  or  ^ 

C.  Demitri,  lr.  Rev.  400f.  J 

XTAX.T. 

C.  dene  Armi.  tow.,  It  F  31 2f. 

C.  S,artivento,  F.  Fl.  210f.  ... 

limrfzano  C 

Marina  de  Mon<steraci 

C  Ricsuto,  pt    

O.  Colonne,  ItF  133f.  

Cotrone,  It  F  30f. 

Ft  Alice,  tower..... 

Pt.  del  Trionto,  tower 

Roseto 

Taremo,  S,  Citadel 

C.  St  Vitn,lt.F,  Fl.  150f.  ... 

Port  Ccsareo,  tower  

Gallipoli,  St.  Andrea  I„  %  } 
jni.,mid.  (N  pt,lr.  F,R  J 
H»f.) J 

ADRIATIC. 

C.  8t  Maria  di  L  uca,  It  F,  1 

Fl.  3»6f. J 

Gauliaoo 

C.  O  ranto,  Telegr.  (E  pt  of  \ 

Ita'y)  J 

Port  Otratito,  ffl,  It.  F  197f. ... 
BnndUi,  S7,  Telegr.,  h.  F 

I06f.    

Torre  della  Testa  

Monopoli,  Telegr.,  It  F  5(>f. 
B»iri,  St  Cataldo,  It.  F,  Fl. 

49f.  

Molfetta,tow.,lt.  F,  Fl.  65f. ... 
Barletta,  ffl8,  (It  F),  69''... 
Manfredonia,  It  F,  Fl.  65f. 

Mt  Nero,  3336f 

Vies  e,  Sta  Croce,  It.  F 

TeimolL  tower  

Tremiti  la.,  J*  3m..  Semaphore 
Pianosa  I.,  7,  EW  4c,  E  pt. 
Pelajwa  ls.,2,*b  lin.,it  F.F1. 

Pt  Penna.  tower    -.. 

Ortona,  Ch.,  It  F  39f.  

Mt  Brancastello,  7697f..... 

Montepagano,  li»46f. 

Guiiianova 

Colonella,  sum.  1096f.  

Grottamare,  Church 

Peda>o,  Church 

Fermo.  Cuih.,  1  I97f. 

I-oretto,  Ch.,665f. 

Mount  Conero,  Telegr 

Ancona,  It.  N  mole,  34f.  .. 

Sinigaglia,  It  F  45f.  

Fano,  It  F  58 f.  


Lat.  N 


Lon.  E 


35°53'8 
35  5.VO 
35  541 

35  49'2 

36  42 


37  5M 

37  555 

38  * 
3*  26 

38  53  5 

39  1*5 
39  56 
39  24 
39  37 

39  59 

40  28*2 
40  245 

40  15  6 
40  27 


»4°3i'? 
14  30? 
'4  31*5 

14  34 
14  13  2 


15  41? 

16  3 
16  82 

16  345 

17  55 

17  12*2 

17  8'5 
17  8 
16  46 

16  357 

17  14 
17  125 

17  53  7 
17  57? 


39  477 

39  5* 

40  86 
40  6 

40  393'  17  5^? 
40  414 
40  57V 


18  225 
18  20 
18  297 
18  31 


17  52'5 
17  18? 

41  8-3'  16  51 


4i  13 

41  20  I 

41  377, 
4«  43 

41  533 

42  0-2. 

42  7*3 
42  135 
42  24 
42  10*4 

42  19  7, 
42  27 
42  40-5; 
42  45 
42  52 

42  598 

43  64 
43  95 
43  26  3 
43  33  3 
43  377, 
43  437 
43  51-3, 


16  360 
16  187 
15  55  5 

15  4i 

16  11  2 
15    o 
15  305 

15  45? 

16  16 

14  43o 
14  245 
13  39 
13  59*5 
13  59 
"3  54 
13  52? 
13  53*o 
13  43*5 
13  37 
13  36'5 
13  305 
13  '35 
13    07 


(23) 


Placea 


Pesaro,  It.  F  30f.   , 

Kimini,  It.  F  67f.  

Ravenna,  tower , 

Goro,  CD,  W  mo.  of  the  Po. .. 

Chiogttia.  Q2,  Cathedral    

Port  Malauiocco,  ffi.  N  mole  . 
S.   Nicolo,   Port    Lido,    ffl,  \ 

fort,  It.  9f.  J 

Venice,  St.  Mark 

Venice,  Institute  di  Mar.  Mer 

Piave  Vecchia,  It  F  U6f. 

R.  Taglianieuto,  fort  mouth... 

Port  Buso,  It  Re*.  I  It. 

Grodo,  Ch.  (It.  F) 

MoifaJconc,  Chmch 

Trieste,  ffi,  li.  Fl  Sta  Teresa  ) 

molehd.  Iluf. / 

Capo  d'Istria,  Church 

Pirano,  St.  G.  Church  

Sal v ore  Pt,  Pi.  Bastania,  It  \ 

F  U2f     / 

Citta  nuova,  QQ,  Church    

Purenzo,  Church 

Rovigno,  ffi.  Pelago  I.,  It  42f. 

PotA,  ffl,  OBSERVATORY 

C.  Pmmonrore,  Porer  rk ,  It  \ 

F  11  If.,  (FL  SSE  Ijm.)  / 

Alhona,  Chuich  

Fianona,  Church «• 

Fiume,  clock  tower 

Porto  Re,  Di  Oatro  Pt,  It  F,  1 

Fl  Mf.    / 

Segna,  mule,  It.  F  27f. 

Carlupago,  mole 

Nona,  Caihedtal 

Zara.lt  F  17 

Zara  Vecchia 

G  alio  la  rk 

UnieBay,  Wet,  [2c] 

Sansego  1.,  %  2m ,  350f.  sum 

Giivizzal.,  Lim0 

Sette  Bocche  Chan.,  N  orl 

Bonastra  Pt  / 

Mt  Vela  Straw*,  IO70f    

Zuri  I.,  J),  7m.,  E  pt,  Mas-  ) 

aarina  1 J 

Sebenico,  Castel  Vecchia,  It.  \ 

Fl8f. / 

Zirona  piccola,  I.,  sum 

Trau,  St  John's  Church   

Spalato,  Boticella  pt,  It  F,  1 

Fl.  35f.    / 

Makarska,  It  F 

Solta  I.,  ^  10m.,  SE  pt  

Brazza  L,  EW  7  L  St  Vito,  1 

sig.  st  mid J 

Lesj>ina  1.,  EW  12 1.,  Pokou-  \ 

jidol  I.,  It.  F  76f.   f 

Li*sa  I,  EW  9m.,  Port  St.  S 

Georgio,  St.  Francis  Ch.,  J 

2  Us.  F72f..  I4f. J 

Busi  I.,  J*  24m.,  sig.  st   

St  Andrea  in  Pelago,^  1  im^\ 

lOOOf.,  f    / 

Porno  rk.,  [2c],  1    

Proisdo  I..  EW  lm.,  (off  W  \ 

pt  of  do)   J 


Lat  N 


43°55'3 
44  4  3 
44  25 

44  48 

45  129 
45  20 
45  26 

45  26 
45  262 
45  28-6 
45  382 
45  43 
4>  406 
45  483 
45  388 

45  327 
45  316 

45  295 
45  188 
45  130 
45  22 
44  518 

44  45'2 

45  I 
45    82 
45  196 

45  167 

44  59  6 
44  31 7 

41  146 
44    6-8 

43  563 

44  435 
44  38 
44  30'9 
44  24 

44  12  3 

43  59 

43  375 

I 
43  44*2 

43  27 
43  30*9 

43  30-4 

43  175 
43  19 

43  I*  7 
43    9 

43    34 

42  58 

43  « 7 
43  55 
42  59 


L<>n.  E 

»2°54'7 
12  35 
12  125 
12  23 
12  170 
12  207 

23  5 
205 
205 

33? 
6? 

15 

23? 

32? 

46? 


I*  44? 
13  34? 

13  295 
13  33? 
13  357 
13  367 
13  507 

13  535 

14  77 
14  no 
14  267 

H  34? 


540 

47 
11? 

I2X> 
267 

u-o 

14 

18-2 
33 

14  490 

15  2 
15  44 


53  7 

4 

"5? 
267 

1*0 
23 
375 


16 
16  27 

16  10-2 

16    2 
15  457 

15  27  7 

16  37 
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(29) 


Places 


Curzolal.,  EW  8  1.,  Fort  Si.  \ 
Bi.iggio  / 

Glavat  I.,  It.  F,  Fl.  I2lf.  

Cazza  L,  #  2m.,  aig.  tt    

Cazsiola  I..  •£■  lm 

I,agos>ta    I.,   EW    7in.,   St  \ 
George  Chap..  It  F  342f.  j 

Lagostint  rks.,EYV  3|m.,  Esum. 

Mtledal.,^7  1.,  W  pt 

—  Port  Palazzo,  ffi.  ruin 

Kaguaa,  ffl,f*»rt,  W  bist 

Markana  la.,  grp.,  *fe  2m.,  sum 

Molotita  1.,  sum 

Pt  Osiro,  It  F,  Fl.  263f. 

Kattaro,  Sauita  

Vetergnach,  39601'.    

Budua,  Greek  Church  

Antivaii,  Volovica  Pt,  It  F... 

Meuders  Pt„  It  F  331 

Dulcigno,  (S.  la  Ciila  beajh  , 

C.  RodiMii,  400£,  It  Ft 

C.  Pali,  turn , 

Durazzo,  mole,  It  F  52f. , 

C.  Laghi,  tower «... 

Avluna,  or   Valona,  S,  w, 
Custom  house 

Sasseno  I.,  \  2m.,  sura.  lOuUf. 

C.  Linguetta,  l,229Uf. , 

Mt  Cica,  6300f. 

Port  Palermo,  ffli  fort  

C.  Kiephali 

Tignoso,  li.  F  lOOf.   

Port  Goroenitxa,  ffl,  Dugaua.. 

Parga,  w,  Madonna  I 

Mt  Zarothcma,  3000f. 

Prevena,  Fort  Giorgio   

Vonizza 


xo: 

Fanol.,^  3|ra.,l339f.,lt  F, 

Fl.  84bf  

Merlera,  NS  2m  ,  sum 

Samuthraki  I.,  ^  2|m.,  N  pt 
Corfu,  Citadel,  It  F  240f.  ...e 

—  C.  Drasti    

—  Mt  St.  Giorgio,  I288f 

—  C.  Bianco,  pt    

—  Vido  I.,  Fort  Alexander ... 
Paxo  I.,  *fe  4im.,  NW  pt, 

Laka,It  F416f. 

—  PortGujo,$ , 

Antipuxo  1.,  %  2m.,  E  pt..., 


Sta.  Maura,  It.  F  mole,  54f. 

—  Se^olurk.,  Il4t.    

—  Mt.  Stuvrota,  3700f. 

—  S  extr.,  C.  Ducato,  1,  200f. 
Ithaca,  N  pt  

—  Vuthy,  Port  S.  I*azaretto 

—  SE  pt,  or  Iganui  Pt 


Cephalonia,  N  extr.   .......... 

—  C.  Aterra,  pt , 

—  Guaroiaua  I-,  It.  F  1 12f.  , 

—  Port  Argostoli,C.S.Theo- 
doroa  


LatK 


42°57'4 

42  46 
42  460 
4*  45 
42  43*0 
42  45  8 
42  47 
42  468 
42  38  9 
42  343 
42  2Q9 
42  234 
42  254 
42  19 
42  165 
42    53 
41  57 
4i  55 
4i  35 
41  247 

41  I8'2 
41    IO'2 

40  27*2 

40  29-2 
40  267 

40  15 

40  2-9 
39  54'3 
39  47  2 
39  297 
39  i6-4 
39  I'** 
38  56  7 
38  55 


39  5« 

39  53* 
39  467 
39  37  o 
39  47  6 
39  36 
39  212 
39  3&* 
39  144 


39 
39 


38  50'5 
38  415 
38  41*6 
38  33  5 
38  300 
38  221 
38  19 

38  285 
38  215 
38    84 

38  116 


Lon.  £ 


170  8'o 

17    9 
16  310 
16  43 

16  53-0 

17  90 
17  18 

17  217 

18  76 
18  120 
18  235 
18  317 
18  46'5 
18  52 

18  505 

19  45 
19  9  5 
19  125 
19  272 
19  24-2 
19  27  2 
19  255 

19  267 

19  142 
19  177 

»9  35 
19  482 

'9  555 

19  585 

20  17-1 
20  25 
20  38 
20  46  2 
20  537 


19  27 

19  36 
19  31  5 
19  567 
19  41  $ 

19  48*0 

20  77 

19  56  5 

20  85 

20  13 
20  140 


2043 
20  33*5 
20  38  5 
20337 
20  400 

20  43  5 
20  467 

20  340 
20  25 
20  265 

20  29 


(30) 


Places 


Cephalonia,  St  George,  Cas-  \ 
tie.  1050f.   / 

—  Sum.,  or  Mt  Blato,  6ilttt. 

—  S  pt,  or  C.  Monda 


Z  mre,  N  pt,  or  C.  Skinarl 

—  Mt  Vachrouis,  27241'.  .., 

—  S  pt,  C.  Marathia 

—  leraki  Pt  

—  Mt  Scopo,  I62lf. , 

Krio  Nero,  It  F  93r'. 


Dragomcsti  Bay,  Astoko  ... 

Oxial,  pk.,  141  If.    

Mesaaloughi    

Pt  Bakan    

Koumelia,  Casile    

Lepanto.  Castle ^#... 

Corinth,  Acropolis 

More*  Castle,  centre 

Patras,  *',  It.  F,  Fl.  G5f. ... 

C.  Papas,  ruined  fort 

Montague  rks.,  2,  \  lm.,  Ef. 

Konounoli  Pt 

C.  Glarrnza,  ru!n  

Kastro  Toruese,  795f.   

C.Katakelo,* 

Stamphauet  Is.,  ^  2jm.,  T.\ 

/,  It  F127f. / 

C.  Kunello 

Proti  I.,  NS  2m.,  sum.  605f.... 
Sphaghia  L,  \  2$m.,  S  pt  ... 
Navarino,  Pylos  I.,  It  F  U6f. 

Mt  StNicolo,  1542f.    .. 

Modou 

Sapienza  I.,  NS  5m.,  sum.  740f. 
Cabrera  I.,  %  5m.,  S  extr.  ... 

C.  G.illo 

Venetico  I.,  NS  ijra  ,(Ants.  1 

SSE  2m  ).sum  570f. / 

Koron,  w'  N  2m.,  r,  Livi-  \ 

diaPt J 

Kalamata,  highest  ruin 

C.  Kitries    

Mt.  Makrino,  7900f. 

Limeni,  gg  

C.  G rosso,  1,A,  sum 

C.  Maiapan,  1,  A,  It  F,  FL  \ 

133£     / 

C.  Stavri 

Marat  honisi 

Eurotas  R.,  mouth 

C.  Xyli,  (pk.  1040f.  N  l'-5  >,  pt 
Servi  L,  NS  3£m.,  S  and  E  pt. 
C.  St  Angelo,  h,  1,  pt    

Ccrigo  I,  N.  pt,  C.  Spathi,\ 
It.  F,  FL362f.    J 

—  Fort  St  Nikolo 

—  S  extr 

Ovo  I.,  NS  8c,  550f.,  T    

Nautilus  rk.,  [£nt] 

Pon  t.,  J&  Jm.,  4luf. 

Cengotto  1.,-J8  6m, sum.  1230f. 


Lat.  N 


Lob.  £ 


38°  85 

20°34*o 

38    8-5 

20  41  0 

38    3'6 

20  48 

37  562 

20  42*2 

37  48  8 

20  427 

37  39 

20  50 

37  42'5 

20  59*2 

37  45 

20  562 

37  482 

20  54  5 

38  32 

21     5 

38  187 

21     7 

3^  219 

21  25  7 

3*  17 

21  31  * 

38  19*5 

2:  462 

38  238 

21  490 

38  lis 

22  52 

21  470 

3»  151 

21  43  5 

3^  127 

21  235 

37  55 

21    0 

38    6 

21  23 

37  56  8 

21    85 

37  53  7 

21     87 

37  3« 

21  19-0 

37  15  3 

21    02 

37  10 

21  34 

37    3*4 

21  33  5 

36  54  5 

21  405 

36  54 

21  41 

3o  53^> 

21  42*0 

36  45-4 

21  42-5 

36  466 

21  422 

36  417 

21  47 

36  429 

21  527 

36  417 

21  537 

36  475 

21  58  5 

37    26 

22    72 

36  547 

22    8-0 

36  50'5 

22   22'2 

36  40* 

22    13 

36  28-6 

22   22  2 

36  225 

22   292 

36  362 

22   32-5 

36  446 

22   35-0 

36  4*2 

22  41 

36  390 

22  495 

36  27-0 

22   59  5 

36  260 

23    12-0 

36  23-0 

22  57*2 

36  131 

23    5-o 

36    77 

22  59  7 

36    5'5 

23    06 

35  56 

23  >3 

35  58'5 

23  "5 

35  50* 

23  180 

TABLE  10 


559 


MARITIME   POSITIONS 


(SI) 


Places 


© 


1- 

t 


Ml.  Krithina,  2600f. 

KaraviL,  rk.,  T - 

Fa  Icon  era  I.,  \  llm.,  A,  sum 
Belo  Paulo  I.,%  I  jm.,  T  ,«im. 
Spezgia  I.,  ^  4jm.,  mm.  812f. 
Trikeri  I..  NS  lm.,  N  gain.    .. 

Na)ioliili  Romania 

Hydra,  J*  11  in.,  sum.  I939f... 

Stavromsi  I.,  KW  Jm 

St.  George  d'  Arbora  I..  %  \ 

3m.,  ►urn.  SE  pan,  1085f./ 
Port*  I.,  EW  5m.,  ffl',  W  ( 

pt.,  It.  F96f.  f 

Met h ana,  Mt.  Khelona.  9429 f. 
Ejrina  I.,  #  8in.,  Mt   Stl 

E  ias,  on  S  part,  I752f. ...  J 

Kalamaki,  E.  ent  canal    

Led>ina  I.,  or  Eleusis,  tow. ., 
C.  Tliemtstocles,  It.  F.  5 If.  ., 

Piraeus,  2  Its.  F  

Athens,  Parthenon 

OB8ERVATORT    

C.  Colonna.  temple,  269 f. .... 

Port  Mamlri.  ffl,  ^  pk 

Macroiii«i  I.,  ^  7m.,  S  pt   . 
Port  Raphti,  ffl',  St.  Nicolao. 

C  Mnmthon  

Petalies,  or  Split  Is^  sum ■ 


LatN 


AKCHIPBX.AOO. 

Zea  L,  #  10m.,  Mt  St  Eiias... 

—  Port  St  Nicolao,  ffl,  It.  \ 
F  Fl.  lU8f. | 

Thermia  I.,  J*  loin.,  sum.966f. 

Piperi  I.,  KW  Jm.,  nun 

Serpho  Poulo  Is.,  EW  l£m.,1 

mid J 

Serpho  L,  #  7jm.,  mm.  1 5851*. 

S  p!  anto  I.,  \  9m.,  N  pt 

Anti  Milo.  NS2m.  gum , 

A nanes  rkg.,  -£  \m 

Mno,    EW    iliii.,  Mt   St  ^ 

Elias,  on  SW  part,  24S0f.  / 

—  Port,  ffl,W  pt.,  Pt.  Vani... 

Ar^entiera  I..  NS  5m 

Polino  I.,  \  3|m.,  sum 

Pei^ncg  rkg 

Policandro  F.,  *fe  2  I.  sum 

Sikyno  I.,  &  7ut,  >uhl 

Nio  I.,  %  8m  ,  sum   

Amorgo  Poulo  I..  NS  2m 

Santorin  I.,  Nt*  8m.,  Mt  St.  1 

Elias,  on  SE  prnt  / 

Christiana  I.,  (A*k<mia)t  J* " 

lm  

Anapbi  I.,  ?£■  7m.,  sura 

Hermonisi  L   

Stain  pal.  a  I.,  or  Astrop.ilaia,  1 

#4L,  SWsum / 

Levita  I.,  EW  4m.,  E  pt 

Zmari  I.,  #  2m.,  W  pt 

Amorgo   1.,  J*  18m.,  sum.  1 

near  mid.,  21 75f.    / 

Karo  I.,  EW  4m.,  mid 

Skinotta  I.,  %  2jm.,  SE  pt ... 
Hi  racl.a  I.,  #  4in.t  sum 


36°28'2 
36  46  1 
36  50*9 

36  54*9 

37  IS'3 
37  162 
37  33  6 
37  19  5 
37  15 
37  280 

37  32 
37  36 
37  419 

37  55 

38  24 
37    5 

37  56  2 
37  5*' 
37  58*3 
37  388 
37  44*3 
37  38-5 

37  530 

38  71 
37  59*5 


} 


37  37*3 
37  40 
37  22  5 
37  182 

37  15 
37  10 
37    27 
3648 
36  33 

3^  405 

36  45'3 
36  493 
36  46 
3638 
36  371 
36  40 
36  427 
36  369 

36  220 

36  *5 

36  23 
36  32 

36  322 

37  00 
36  587 
36  50  7 

36  53 
36  5'*o 
36  49  7 


Lon.fi 


230  8*2 

23  365 

«3  537 
23  277 
2J  8> 
23  17b 

22  480 

23  280 
23  27 
23  560 

23  26 
23  22 
23  30-0 
23    o 

23   32  2 
33   28 
23  380 

23  43  7 

23  44 

24  I  7 

24 
24 
24 
24 


(32) 


Places 


37 
37 


24  16? 


24  217 

24  19 
24  26*2 
24  32  6 

24  36 

24  30 
24  38  5 
24  15 
24    9 

24  232 
24  227 
24  33*5 
24  39 
24  35 

24  55? 

25  6 
25  210 
25  427 

25  287 

25  13 

25  47 

26  10 

26  197 

26  32  o 
26  177 

25  557 

25  40 
25  33'° 
25  275 


Nax'«  I.,  ^  18m..  Mr.  Zia,  1 
8B-d  of  mid.,  3290f. J 

—  N  pt,  or  C.  Stauro   

Paros   I.,  #    12m.,  2530f.,\ 

C.  Koraka,lt  F,Fl.  l».Jt/ 

Boidi,  or  Buey  rk  ,  T   

Antiparos,  NS  7m.  S  pt  

Strongylo  I.,  #  l^m.,  8  pt . 

Stapodia,  ■$■  l^ra 

Mycont  I.,  #  8m.,  E  sum.) 

I150f.  / 

Rhenca,  NS  4$m.,  8  pt 

La  Nata,  rk.,  (Fk.  W  Jm.) 

Syra  l„  NS  9m.,  1 4 1 5f. 

—  Gaidaro.  It.  R  224f. 

Jura  I.,  J^  5in.,  W  pt  

Tin.*  I.,  ^  15m.,  2340f. 

Atulros  I..  *fc  22m.,  Mt.  KoO 

vari,  W  >ide,  mid.,  3200f.   / 

—  C.  Faana,  It  F,  FL  708f. ... 

Kuloyeri  rks.,  NS  2m.  

Negropont,  Euripo.  It.  F  39f. 

—  0.  Doro,  islet  off,  93f 

—  C.  Kumi    

—  Mt.  Delphi,  57*Of.  

G.of  Volo.C.  Katroulia,lt  F  85f. 
Volo,  fort   


Lut  N 


4 


8kyro  L,  %  5  l,  rf.  N  end,  1 
Mt.  Kokhilas,  256of.    ...  / 

Skyro  Poulo,  [lm.],  617f.    .. 

Skantsura  I.,  NS  1  I.,  mont... 

Adelphi  Is7  #  ljm.,  521f.  .. 

Khelidromi,  #  4  L,  N  sum.  1 
1690f. / 

SkopelosI,^nm.,imm.2l49f. 

Skiathos  I.,  #■  6m.,  f,  Mt  1 
SUvros,  I448f.  J 

Pelago,  NS  2  1.,  sum.  1050f. 

Paatlioura  I.,  It.  H.  129f.     .. 

Mt.  Pelion,  5310f. 

Oasa,  Mt,  64U7f.  


TVBSIT. 


Mt.  Olympus,  9?54f. 

Salonika,  ffl   

C.  Kassandra,  /,  It  Fl.  72f. 

C.  Pailluri,  / 

C  Drapano,  B80L 

Mt  AthoJS  sum.  6349C 

Pilaf  Tepe,  6l43f. 

Kavala  B.,  It  F  I48f 

Thaso  I.,  NS  I4m.,sum.3428f. 

C.  Fenar,  It  F  72f. 

Marona,hill,  2l74f.    

C  Makri,  w',  -f  lm 

Dedeagatch,  It  Rev.  1 15f.    ... 

Enos    • 

Xcrog  L,  NS  ira 


Samothraki,  ^  12m.,  5248£., 

—  W  pt,  C.  Akrotiri,  / , 

Zurafa  rk 

Strati  I.,#  5jm.,  973f 

Lemnog,^  7L,Wpt,orCl 

Mourtxephlos,  1 4 1  Of. j 

—  Moudros,  ffl  


37°  *** 

37  12  5 

37    9 

37  14*5 
36  56o 

36  56  2 

37  2$ 

37  275 
37  22-0 
37  217 
37  289 
37  25-5 
37  362 
37  350 

37  5o  1 

37  576 

38  10 
38287 
38    94! 
3^  39   I 

38  374 

39  6  I 
39  24  o; 

f 
38  497 

38  50 

39  5 
39    58 

39  10 
39  8-8 
39  1 1-4 
39  204 
39  30 
39  265 
39  480 


Lon.  E 


25°31'2 

25  330 

25  M 

25  567 
25    So 

24  575 

25  35 
25  272 
25  140 
25  40 
24  557 
24  59'b 

24  39  5 

25  "4  5 

24  5o*5 

24  417 

25  17 

23  36  5 

24  .05 
24  97 
23  507 

23  4' 

22  565 

24  365 
24  22 
24    6 

23  59 
23  53 
23  40? 

23  28  2 

24  3 
24  107 

23    3' 
22  420 


40  47 
40  37  8 
39  57*2 
39  55 

39  565 

40  95 

40  535 
40  55 
40  417 
40  56  7 
40  527 

40  49*5 
40  50 
40  420 
40  365 

40  270 
40  282 
40  275 
39  3«-o 
39  587 
39  520 


22  220 

22  57? 

23  220 
23  447 

23  5°  ? 

24  20*0 

24    5? 

24  25 

24  427 

25  8-5 
25  32  5 
25  45  c 

25  55 

26  50 
26  440 

25  35*5 
25  27c 

25  5o-5 
25    17 

25    20 

25  162 


MM) 


TABLE  10 


MARITIME  POSITIONS 


(«) 


Rare* 


X 
V 


Lemnos,  S  pt,  or  C.  Irene   ... 

—  N  and  E  pt,  C.  PUka 

Imbros,  #  51.  sum.  1959f.   ... 

—  W  pt,  or  Pt  Anflaka 

Dardanelles,  Asia  Castle,  It.  \ 

F50f.  / 

Gallipolt,  It.  Rev.  I20f. 

Koutalai  L,  Roun  rk  ,  It  F 1 

49f. / 

Marmara  I.,  Fanar   Adasi,\ 

It.  F,  Fl.  1341 / 

Pasha  harb.,  ffi,  Liman 

Rodotto  

Erekli,ltF  I84f.  

COKSTANTIKOPLa,  St.  SOPHIA 

Bosporus  Seraglio  pt,  It  F,  \ 

R  H7f. J 

Roumili,  It  F  I9uf.   

Fanar  Bournou,  h.  F  83f.     ... 
Proti  I.,  [lm.]  Vill.  Efide  .. 

l)il  Burnu,  It  F  40f. 

L*mid 

C.  Bon  Burnu,  I050f. 

Gemlik  or  Kios 

Ralolimuo  I.,  NS  4m.  N  sum. 


BLAOS  UUL 

Kilios,  tow. 

C.  Karabourmi,  N  pt  It.  Fl. ) 

3G2f.    / 

C.  Koari 

CSsopol    

Bourns,  Minaret  

Akbiolo,  Mosque    

C.  Emeneh.  E  pt,  It.  Fl.  207 f. 

Varna,  Mosque,  mid 

C  Kaliagri,  ruin 

O.  ShaWerlt.F  120f. 

Kustenjeh,  C,  It.  F  G8f.  

Portitaki  M«mth 

Danube  R.,  Sulina  mo.    lt\ 

F70f. / 

Serpent's  I.,  w,  It  R  194f.  ... 
Ts.ircgradskoe    mo.    8    Its.  \ 

FA2f.  / 

Akerman,  Church 

C.  Fontane,  It  F  200f.  

Odessa,  ffi,  Reidovi  mole,  It  ) 

F,  Fl.  63f.  i / 

—  Observatory   

Berezan  I.,  ^  |m.,  fort   

Kinbourn  It  v.  2  vert  

Otchukov.,  Church    

Nicolayev,  ffi,  Observatory  ... 

Kherson,  Cathedral    

Tendra  L,  /,%  8m. N  ead,t*ac. 

—  It.  Rev.  96f.  bell    

Armiansk,  Church 

C.  Jarkan.lt  F  117f 

Eupatoria  pt  It.  F,  FL  52f.  ... 
C.  Khersouese,  /,   It.   Kev.\ 

116T. / 

Sevastopol,  ffl,  Church 

C.  Saritch,  pt 

C.  A'todor,  It.  F  3l5f.  


LatN 


39°46'6 
40  17 
40  106 
40    72 

40    90 

40  24*0 

40  31-0 

40  38 
40  295 
40  59  7 

40  5^-5 

41  03 

41    o 

41  14 

40  57  7 
40  54*0 
40  44  5 

40  45  7 
40  32 
40  26 
40  34 


41  108 
41  217 


Lon.  E 


25°2I'5 

25  27*0 

25  490 

25  400 

26  245 

26  41 

27  28  5 

27  45 

*7  362 
27  31-0 

27  580 

28  59*0 

29  t 

29    7-2 

29     2*2 

29    35 

29  307 

29  55* 
2847 
*9    9*5 
28  32 


29  37 
28  41 7 


41  52  7 

28    30 

42  263 

27  437 
27  30; 

42  303 

42  34*> 

27  405 

42  42 

27  557 

43  12-0 

27  56  5 

43  22- 1 

28  297 
2837> 

43  32  7 

44  105 

28  410 

44  40  5 

29    17 

45    93 

29  405 

45  15  5 

30  142 

46    48 

30  297 

46  11  9 

30  202 

46   22-8 

30  455 

46  30 

3046 

46   28*5 

30  455 

46  35'6 

31  23 

46  35*4 

31  297 

46  364 

3'  32 7 

46  582 

31  580 

46  37  7 

32  380 

46  217 

3'  320 

46  1 89 

31  30? 

46    7 

33  43 

45  207 

32  297 

45    97 

33  15 

44  35 

33  227 

44  37  9 

33  295 

44  23 

33  44 

42  253 

34     77 

(34) 


Places 


Mt  Tchatirdag,SW  sum 

C.  Migjnom 

O.  K-atUma,  sum. 

C.  Theodosia 

C.  Chaoada,  S  pt,  It  F  Fl.\ 

120f.    / 

C.  Taklijt 

Kertch,  QQ,  Church „ 

Tenikaleh,  It  Fl  409f.  

C  Kazan  lip,  sum. 

Arabat,  E  bast  

Ghenitcbe>k,  It.  F  8lf.  

Bordiansk,  It  F  Ih5f.    

C.  Biel«>sarai,  It  F  73f. 

Mariupol,  Church  

Taganrog,  It.  F  161f. 

Aaot,  Cathedral    

Long  nos  -,  i   

Gbusk,  It  F34f. M 

Taman 

Ani|»a,  It.  F  98f 

Ghclenjik,  ffi,furt 

Higli  Summit.  4m.  inland 

Soukoum,  fort.  It  Rev.  1 2 If... 
C.  Batoum,  Mosque,  It  F  65f. 

Rexo    

Tr.bizondc,  ffl » It  Fl.  105f. . 
C.  Ieros,  T ,  N  pt,  It  Fl.  98f. 

Triboli 

Keresoun 

C.  Ya*on,J,rks 

Eunich,  S.  Mosque 

Satnsoun,  N  It  F  56f.  

C.  Kixl  Krmak,  W.  mo.  riv.. 
Sinopr,  Castle.  It  F  344f.  .... 

C.  Imljelu  It  F,  R  92f. 

C  Kerempch,  It.  FL  262f..... 
Amastra,  E  wr ,  It.  Fl.  312f. 

C.  BaWLlt  FW7f.    

Kcphkirn  Adassi  I.,  It  F  9*f. 


om. 

Rabbit  Is.,  /,  *fe  2m..  W  extr. 
Tenedo<I.,^t6m.,rf.NW-d^  ^ 

sum J 

C.  Baha,  fort 

Mt  Ida,  5750f.   

Ailramyti    

Mityleni,   \    13  1.,   E  pt.,1 

C.  Apia  Maria    / 

—  Mt  Olympus,  3079f. 

—  Caloni,  S,  I.sl 

—  W.  pt  C.  Sigri,lt  Rev.  180f 
Smyrna,  mill  05  Daragax  \ 

Pt / 

Vourla  Seals,  fountain  ......... 

C.  Karahouruou.  pt  

Scio.  NS  27m.,  N  sum.  4157f. 
Venctico  I.,  off  S  pt  of  Scio,  T 

Psaral.,  *,  5m..  Spt 

Antipsara,  W  pt   

C.  Blanco    

CKoraka,  T 

Sighajik,  ffl ••«. 


Ut  N 


44  46  7 


Lon.  E 


44°44'o   34°  1 7'? 


35     7 


44  57*0|  35  22 

45  ©      35  26 


44  59  5 

45  5*9 
45  212 


45  23- 
45  28 

45  17 

46  11 
4646 

46  52 

47  5 
47  12 
47  7 
4648 
46  43 


45  i3-o| 
44  54  1 
44  334 
43  17 
42  593 
39*4 
3*o 
i*o 

77 

10 

40  572 

41  S-5 
77 

19 


41 
4" 
4t 
42 
42 
42 


1-2J 

6 

1 


41  45*3 
41  18 
41  14 


39  55*5 

39  5oa 
39  282 
39  42  o 
39  355 
39    07 

39  4*2 
39  4  7 
39  13 

38265 

38  217 
38  39*9 

3l3V\ 
38    80 

38  32 

3832 

38  166 

38    6-5 

38  120 


35  So 

36  27 
36  29  5 

36  39-? 
35  54-o 

35  295 

34  52 
36482 

37  207 

37  355 

38  57 

39  26  5 
38  35 

38  17 

36  44 

37  185 

38  37 

40  16 
40  597 
4"  37*o 
40  31  5 

39  46*0 

39  260 
38  49 
38  24 
37  41  5 
37  177 
36  21  ? 

35  58 
35  "25 
34  5* 
33  "7? 
32  24  5 
31  26 
jo  17  5 


26  37 
26    5 

26    45 

26  505 

27  2-5 

26  377 

26  22-0 

26  55 

25  51 

27  97 

2647*5 

26  227 
26  1*2 
26  20 
25  35 

25  3" 

26  147 
26  367 
26  48  2 


TABLE  10 


561 


MARITIME  POSITIONS 


(3S) 


Ptjeea 


4 


Scala  Nuova,  It  F  98f.  ..«•—. 

Samsum  Dagh,  4130C  M 

G.  Monodendri,  ruin 

Wreck  rk.  2lf.    

Bodroom,  ffl,  Castle 

Port  Giota 

C.  Krirt,  W  pt   

IujahPt 

Symi  I.,  grp.  KS  9m.  S  i«Iet,l 

Trompetto ,./ 

C.  Aloupo  ............ «..—...... 


I&AGO. 


Samoa,  Mt.  Kerki,  4725f. 

—  Vathi  ffl,  port.  It.  F  260f... 

—  S  pt,  or  C.  Colonua 

Furni  Is.,  NS  llm.,S  extr.l 

»-» i 

Nikaria,  tf  22m.  W  pt,  or\ 

C.  Papas,  It  F,  FL ....  J 

Mt.  Melia«a,  33P0t 

Gaidaro,  EW  4m.  sum.  720f. 

Arki,  %  4m.  N  pt 

Patmos,NS  7m.  Prasao  Islet... 

—  Scala,  ffl,  pier  

Lipso,  *fe  4jin.  SW  pt 

Lero.  *fc  8m.,Mt.Klidi,  10'0». 
Kal'muo,  ^  10m.  Mt  Para-  \ 

mv«,  2250f. / 

Saphunidi,  -J8  J.n.  sum.... 


Kos,  ^  24m.  W  pt    

Madona  I.  sum.,  It  F,  Fl. ... 
Nisero,  EW  4jm.  sum.  2270f. 
—  W  Islet  off,  \  lm.,  N  pt 
Pfckopt,  \  f  Jin.,  sum.  209  7  f. 
Karki,  EW  5in.,  SW  pt  


Rhodes,  ffl,  ffi.  It.  Rev.  82f.. 

—  W  pt,  C.  Mon.  litho    .... 

—  S  pt.  C.  Piasso  Nisi , 

Khina  Id.,  rk. 


Scarpanto  I.,  NS  27m.  S  pt .. 

Sana  [2m.1  mid.,  1851f.   

CaxoI.,EW  12m.SWpt 

Stakida,  2  la,  [2m.]  N  one  .. 

Unia  Nisia  

Kamila  Nisi    

Sofrana  Is 

Tria  Nisia,  Is 

Sirina  I.,  1087f. 

Adelplioe  Ih.,  None 

Ovo  I.,  I  "Of. 


LatN 


Candla. 


C.  Krio   35  134 

I  Pond  ikon  isi,  730  f. 35  347 

I  Aura  Grubusa,  N  point    35  38-6 

|N  extr.,  C.  Spada.  A,  i,  sum.  35  41 

jKhanis,  ffl,  It  F  85f. 35  308 

iCTYipiti ~~„~  35  361 

(Soda,  ffl.lt  F82f. ....—........,  35  28 

Rhitjinno.  It  F  49f.  35  22 


Lon.  E 


37°5i'5 

27°i6'5 

37  39* 

27    90 

37  213 

27  130 

37    90 

27  177 

37    2d 

27  27  5 

37    35 

28  22 

36  410 

27  235 

36  394 

27  42  7 

36  307 

27  54? 

36  33'0 

28    i-o 

37  43  8  26  38-5 
37  47   26  58 
37  3»*3  26  527 
37  284  26  31  2 


37  3«"2 

37  322 
37  281 
37  24  9 
37  160 
37  195 
37  182 
37  107 
36  588 
36  53o 

36  43 'I 
36  305 
36  355 
36  35  6 
36  26- 1 
36  122 

36  269 
36  87 
35  524 
35  5'-2 

35  235 
35  Si 
35  19 
35  53 
35  50 

35  5i 

36  45 
36  18 
36  208 
36  25 
35  36 


25  59*5 

26  47 
26  58  7 
26  44$ 
26  347 
26  34  b 
26  44*2 

26  515 

27  o-o 

26  567 

26  56-5 

26  575 

27  n-o 

27  3*5 
27  210 

27  33? 

28  162 

27  43 7 
27  47*o 
27  56*0 

27  10 

27  14 
26  50 
26  51 
26  29 
26  14 
26  25 
26  45 
26  41*2 
26  38-5 
25  35  5 


23  347 
23  28' 

23  34 

23  43  7 

24  1 
24    77 
24    93 
24  29-2 


(36) 


Places 


C.  Stavros  

Megalo  Kastron,  ffi,(lt.F  53f.) 

Standia  I.,  summit,  870f.  

C.  St  John,ffl  ,  SW  2|ra 

Yanis»de8  Is,,  N  pt,  Paxi-1 

mada   / 

C.  Sidero,lt  Rev.  138f.    

C.  Salomon,  or  Plaka   

C.  Zakro 

Kupho  Nisi,  S  pt  

Gaidaro  Nisi,  W  pt  .♦. 

C  Uttioos  

Mtlda,8060f.  

Paximadia  Is.,  W  end,  I160f. 

Sphakia   

Gavdo  L,  Jjr  5m.,  It  Rev.1 

1 1 8 1  f  / 

Gavdo  Palo.  \  l$in.,  440£  ... 


35°25'6 
35  206 
35  27 
35  20  5 


Lat  N     Lon.  E 


240  59' 
25    9 
25  14a 
25  47 


Marmoricc,  ffl,  Castle  

—  Cape.lt  F  131f.    

Kanighatch,  ffl ,  watering  place 

Linosa  1 ,  3271*.,  sum 

C.  Suvelah 

Makry,  ffl,  theatre 

Highest  sum.,  59S0f. 

C.  Seven  Capes,  W  pt.  T... 

Volosl.,  T 

Port  Vathy,  ffl,  sarcophagus... 

Port  Sevedo,  ffl,  tank   

C.  Roxo,  Hipsili  I.,  T   

Kakava  I ,  j*  4m.  ffl.  W  pt.. 
Phineka  Pr^m.  A,  T ,  S  pt  .. 
Khelidonia  Is.  KS  2m.,  S  islet' 
Grambousa  %9  *fe    lm.,  w'  1 

NE  part  / 

Yanar,  vole 

Mt  Takhtalu,  7800f. 

C.  A  ova,  1,  w  W-d 

Adalia.  ffi,  It  F  131f.    

Esky  Adalia,  theatre,  w0,  b0... 

C.  Karabournu   

AL.ya,  ffi0,  SE  pt 

C.  Anamour,  1 

Chelindreh,  ffl,  w  

C.  Cavaliere,  1,  S  pt.  (w  N-d.) 
Provencal    I.,  #  2m.,   w0 1 

Castle,  sum J 

Pt  Lissan  al  Kahbeh,  4  shl.  \ 

I  off,  It  F49f. / 

Lamas  Kiv.,  T,W 

C.  Karadash,  It.  F  I31f.    

Ay  as,  tower  on  h  

8YBXA. 

Alexandretta,  2  lis.  F  49f. 

Has  el  Khanzir   

Antioch   

Ras  el  Bazit    

lias  Ibn  Hani,  It.  FL  45f. 

Latakiyah,  ED,  w,  It.  F  49f.  ... 

RuadL.lt.  Fl.  92f. 

Tripoli,  Ramkine  L,  It.  F  67f. 
R*t  Beirut,  It..  Fl.  125f.   


35  23 

26  ii*5 

35  19 

26  197 

35    9* 

26  195 

35    52 

26  172 

34  547 

26    87 

34  523 

25  4i  3 

3\  54  7 

24  45 

35  '33 

24  470 

35    0 

24  35 
24    87 

35  12 

34  50 

24    4 

34  55*2 

24    0-5 

36  511 

28  19^0 

36  43*9 

28  207 
28  30I 

36  5'  5 

36  465 

28  29  b 

36  35*2 
36  381 

28  540 

29    97 

36  318 

29  142 

36  21 

29  12 

36  13 

29  25 

36  n  5 

29  39 

36  10  3 

29  41 

36    6 

2940 

36    9-6 

29  52 

36  145 

30    9 

36    9*5 

30  26  2 

36  13  5 

30  30 

36  24 

30  30 

36  317 

30  28 

36  354 

3038 

36  522 

30  47 

36  45  6 

31  26 

36  380 

3i  43 

36  31-5 

32     1 

36    0-8 

32  49 

36    9 

33  22 

36    75 

33  437 

36  hi 

33  48 

36  14*3 

33  59 

36  33  8 

34  177 

36  324 

35  21 

36  461 

35  48 

36  355 

36    97 

36  192 

33  46 

36  12 

36    8 

35  52 

35  47*5 

35  35'4 

35  42*5 

35  30  7 

35  45*5 

34  5«7 

35  5i 

34  30 

35  4j 
35  28 

33  54*2 

Pw 


M9 


TABLE  10 


MARITIME  POSITIONS 


(87) 


FUea 


4 


I 


Damascus,  Madinet-el-  Arua, 
Mt  Harmon,  ram.  9053f.  ..., 
8aida,  Jesireh,  2  Its.  P  62f. 

Bur,  2  Its.  F  66f.   

Acre,  It  P  46f. 

C.  Cannel  Cont  It.  F,  Fl.  490f. 

Jaflk,lt.ReT  69f. 

Jerusalem,  Kubbet  es  8nk- 1 
rah,  or  Dome  of  the  rock  j 

Ascalon,  rains    

£1  Ariah,  fort... 


crmnrs. 


C.  Arnaut  

C.  Otrmschiti 

Kyrenia,  It  F  68f. 

N  and  E  extr.,  C.  St  Andrea 

Famagousta,  It  F  49f. 

C.  Grego 

Larnaca,  It  F  42f. 

C.  Chid,  A  tow 

Limasol,  It  F  25f. 

C.  Gatto,  / 

C.  Bianco,  k   

C.  Papho 


Port  8nfd,  H.  FL  175f.. ....... 

Nile,  Rosette  mouth , 

—  Damietta  month,  Kawa  I 
Bnran J 

Damietta,  Engl.  Cons 

—  It.  Rer.  180f.    

Cairo,  tow.  of  Janissaries , 

Great  Pyramid,  snm.(487f.)  1 

now460f.  J 

Abonkir,  BM  Nelson  I , 

Alexandria,  ffl,  It  B  180f..., 

Arab's  tower , 

Ras  al  Kanais,  pt , 

Marsa  Hutroo,  ffi,  w,  Pt.La-  \ 

beit J 

Jshailah  rks.,  Eooe,  68f. , 

Ras  Haleimah  , 


TfeXFOU. 


Kits  al  Milhr  

Tebruk,  ffi,  Saracen  gate  ... 

Bombs,  or  Bhurdah  £  

Ras  al  Tyn,  sum , 

Dernah.lt  Re?.  9fif. 

Pi.  Zawaui  (Ran  al  Hilil)... 
Marsa  Sousa,  ffl,  Arsenal..., 

HasSem 

Tolmeitah,  pt  of  the  Kotlion 

Benghazi,  It.  Rev.  72f.  

Gharah  I. , 

Marsa  Boureigah,  ruin , 

Bouskeifit  I , 

Ras  Ben  Gahouah,  ruin , 

Marsa  Zafmn.  Port  Chebek  , 
C.  Misratah,  Ras  Torug,  It 

Fl.  138£  ^ 

Marsa  Ougrah,  Ras  al  Tabiah 


LatN     Lon.  E       (88) 


36°i8'5 
35  5" 
35  «'5 

35  »* 

35    4 


33°3^6 
33  *5'5 
33  34  5 
33  «°7 
32  555  .. 
3^  49  8,  34  5« 
32    2  7j  34  44 

31  465,  35  «47 

31  39"o|  34  32  7 
31    65  33  4»* 


I 


35  6* 
35  247, 
35  20 
35  422 
35  77, 
34  565 
34  55  2] 
34  49*9, 
34  40*2 
34  33  7 
34  3*2 
34  44'8 


3"  "57 
31  305 

3i  33 

31  24 
3«  3i 

30  2'1 

29  58  6 

31  21  4 
3«  i«7 

30  59  7 
3«  154 

31  229 

3«  3n 

3i  37*5 


3i  53  2 
32  5  , 
32  226 
32  37  7 
32  460 
32  57 
32  54*9 
32  57 
32  43*  1 
32  68 
30  47*5 
30  25 
30  17*5 

30  463 

31  12*6 

32  22'4 

32  335 


32  162 

32  557 

33  187 

34  365 

33  57-2 

34  6-5 
•33  37  7 
33  36  2 
33  i? 
33  2 
32  42? 
32  237 


32  «9*2 

30  19  5 

31  52 
31  48 
3"  5i 
3i  155 

3i    7*5 
30    6 
29  5'7 
29  347 
27  52 

27  15  5 

26387 
26    o 


25    57 
23  59'2 
23  137 
23    7'8 
22  46 
22    8 
21  565 
21  42*2 
20  53  2 
20    27 
19  54 
19  355 
19    9 
18  14 
16  36 

15  13? 
14  262 


Placet 


Lebida,  Citadel  , 

Ras  al  Tsjourah,  E  pt  , 
Tripoli,  S,  It  R  1151  , 

Port  Zonaga    ...... , 

Zoarah M..M< 


LatN 


Al  Biban  bank,  Zera  spit 

Jerba  I.,  Houmt-souk,  It  F  ... 

Kabes  Dxara  pier    

Surkenis  B.  Nathor  Tr. 

Jebel  ThelL  NE  sum 

Sobax,  It  F  88f. 

Kerkenah  Is.,  #,  9L,  4  Ras\ 
Sinub  J 

—  NE  extn,  Gxira  Kelrir 

—  Banks  Etistern  buoy  It...  . 

Kadijah,  toner,  50f.  

Mehvdiah,  Castle    M 

Kuriat  Is.,  It.  F  98f.  ... 

Monastir,  fcrt  Ghadir    ......... 

Soussa,  It  F 

Jebel  Zaghwan,  4078£  

Hammamet  Castlo 

Ras  Mahmur  .~«— .... 

Kalibia,  It  F  269f. 

Rasal  Asuad  (blk.  Hd.)   

C.  Bon.  1290f.,lt  Int  412f.  ... 
Zembrn,  %  2  J  in.  sum.  1824C 

Jebel  Inns,  2o36f.      

Tunis,  Goleta,  ffi.  It  F  39f.  ... 

C.  Carthage,  It  R  482f.    

Piana  In  EW  Ira.,  It  F  65!'.... 
Cani,  rks.  #  2m.  It  F  129f.... 

Benrert,  fort,  It  F  46f. 

C.  II  Guvrra  

Fratlli,  rks.  #,  West  Rock... 
Galita  I„  Jf-  3m.  pk.  Monte  1 

Guanlia,  1240f. / 

Sorellc,  rks^  Avenger  reef  ... 

alo: 


Lon,  E 


Taharca,  N  tow. 

La  Cala,  ffl.  It  F  55f.    

Bona,  Nortli  jetty  Pt,  It  F  68f. 
C  de  Garde,  It  F,  FL  46yf.  ... 

Ferro  I    

Rus  Hadid,or  C.  deFer,  U.\ 

Rev.  2l8f.    J 

Philippeville,  2  Its.  F 

Srigiim  I.,  It  F  ISOf.....^...... 

C01I0,  It,  F  33f. 

C.  Bugaroni,  (Peak  357 9 f.),  "I 

It.  F  564t  on  eape / 

Marsa  Zeitoun    

Jidjelli,  2  Its.  F  

Mt  Babor,  6200£.  

Bougie,  pier  end.  It.  F  23f. 

C.  Carbon,  It  R  722£    

Pisan,  rks ,  %  Im^w^Wpt... 

Mt.  Azafoun,  4360f.  

a  Bengut,lt  F  208f. 

CTedlcs 

Dellys,  pier,  It  F33f. 

C.  Matifou,  It.  FL  242f 


32°3«7 
32  535 
32  54*4 
32  485 
32  55 


33  26-5 
33  535 

33  54 

34  142 
34  25 
34  44 
34  367 

34  49 

34  5»5 

35  «4 
35  30-4 
35  48  5 
35  45-41 

35  49 

36  2i-5 
36  23-3 
36  275 

36  49*7 
3658 

37  5 
37    74 
36  36 
36485 

36  524 

37  10*8 
37  212 
37  17 
37  19  9 
37  «7? 

37  31*3 

37  23  7 


36 
36 
36 
36 
37 

37 

36 
36 
37 

37 

36 
36 

3! 
36 

36 

3« 

36 

$ 


580 
54-o 
545 
580 

5 

5i 
528 
563 

1 


57 
500 

32*5 

44*5 

46 

49*8 

5o 

55 

55 

489 


14°I*S 

"3  *3-? 
13  11? 
12  277 
"    4* 


11  20 
10  51 
10    7 

10  3  5 
9  52 

10462 

If     T2 

11  18-5 

»  45 
11  10 

«    5 
«     3 
10  507 
10  39* 

10  7-2 
10  37-? 

10  49 

11  8 

11  7 
it    27 

10  48  5 
10  20*5 
10  1S2 
10  21-5 
10  20-2 
10    80 

9  53 
9  522 
9  24  2 
856? 

*37  5 


8  45  5 
8  275 
7  47 
7  485 
7  20 

7  " 

6  530 
6  53 
6365 


14 

447 

2;* 
42 
63 

595 

25 

53? 
9 

55 

M 
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509 


MARITIME  POSITIONS 


(3») 


Places 


I 


4 


Algiers,  Marine  I.,  It  R  1I5f.... 

—  Observatory  

a  Caxine,  It.  Rev.  Slot    

Shenchel,  CD*  fort  It.,  F  12lf. 

C.  Tenex,  It  R  292f.  

Pslomos  L,  rk.  *r.  85f. . 

Mostaghanem.lt  F  il&t  

Arzeu  I..  It  F  66f. 

C.  Fen  at,  1 ,  A,  l.«s*er  sum.  ... 

Pt  Altuja,  2o50f..  pt 

Oran  Mnrsa  el  Kebir,  It.  ?} 

121f. / 

C.  Falcon,  J,  8,  It.  Rev.  340f.... 
Habihas  R,  #  3ju.  w9  sum.  \ 

It  JT  3401.    ••••••••••••••••••  J 

Momocoo. 

Zafarinels.,  EW  Ij  m.  W| 

ext.  sum.  44lf.,  It.  F J 

Melilla,  ffi  

C.  Tres  Forca*,  N  pt  mid 

Alhoran  I.,  tf  Im.,  It.  F  115f. 

C.  Quillates 

Mostaza  

Tetuan,  Ctistom-ho 

Centa,  It  R  590f. 

Tangier,  Battery,  It  F58f. 

at&ajvtxo  ooaajt. 

Madeiras, 

Porto  &into.  #  7m„  1660f. 
Styx,  rk*.  NW  of  P.  Santo,  M 
Desurtas,  %  ,2m   sum-  16101. 

—  S,  or  Agiilha  pt 

Madeira,  EW.  80m.,  E  pt,\ 

It.  F,  Fl.  343f. / 

FUNCIIAI,  BUIT.  C058.  (E 

— P0NTINHA,lt  F  H2f. 

Fico  Ruivo,  6100f. 

West,  or  Pnrgo  pt 

Salvages,  2  grpg.,  #  15m.\ 

NE  breaker / 

Great  Salvage,  %  1  }m.,  W  sum. 
Great  Piton,  #  3m.,  sum. 

Canaries). 

Alegrnnxa,  J1  2£m.,  939f.,\ 
It  Delando,  It  R  57f.  .../ 

Clara,  j*  lm..  N  pt  

Graciosa,  J1  5m.  %,  SW  pt... 

East  rock,  [3c.] 

Lanzarote,  #  32ra.,  NW  pt... 

—  Spt   

—  Arecife,  (Port  Naos,  CCj 
fort  Gabriel,  2  Its.  F  47  J 
&35f.  I 

Lobos  I.,  J*  2m.,  N  pr„  lt.\ 

FWf.  / 

Fuerteventura,  J*  53m.,  N  W  pt. 

—  Port  Cabras  

— •  S  pt  or  Pt  Jandia,  /,  lt\ 

Rev.  108f.   J 


LatN 


36°47'3 
3*  478 
3^49 
36  368 
36  31 
36  263 
35  563 

35  5*5 
35  543 
35  53 

35  44  3 

35  46  4 

35  43 


35  "-o 

2 

35  183 

2 

35  27 

2 

35  58 

3 

35  16  5 

3 

35  97 

4 

35  37 

5 

35  53* 

5 

35  47*2 

5 

33    5*o 
33  11 
32  313 
32  23 

32  43*4 

32  38'3 

32  377! 
32  4501 
32  4* 

30    8-6 


Lon. 


75 
i-o 


29  24 

29  180 
29  127 
29  164 
29  27 
28  500 

28  570 

28  455 
28  42 
28  29 

28    30 


East 

3°  3' 
2? 
56'5 
11 
18 
557 
45 


We*t 
o  177 
o  235 
o  29 

o  417 

0  472 

1  8 


257 
570 

59 

2 

45-5 
265 
18 

17 

482 


16  195 
16  24 
10  307 
16  27 

16  39  5 
16  545 
16  55 

16  570 

17  17 

15  497 
'5  5«? 

16  0'2 


13  29 

13  322 

13  32  7 

13  20-0 
13  480 
13  47  0 

13  325 

13  485 

14  I 
13  517 

«4  32 


(40) 


Places 


a 


Grand    Canary,  NS   25m.,  \ 
NWpt / 

—  Palmas,  mole  head.  It  F  25f. 

—  Maspalomas  pt.  It  F  I90f. 

—  Isleta,  #  2m-  It,  F,  Fl.  8 1 7f. 
Tenerife  L,  N  pt,  Anaga  rk.... 

—  Sta.  Our,  Brit  Consul,  w"' 

—  S  pt  or  Pt  Rasea 

—  Peak,  I2,172f.  

—  Wextr.,  I  

—  Orotava,  port 

Gomcra,  EW  14m.,  W  pt 

—  Sum.  I440f.  

Lierro,  or  Ferro,  J*  15m.  Nl 

extr J 

—  W  extr.,  Orchilla  pt  (orl 
Meridian  of  Ferni)    j 

Palma,Cum|»lida  Pt,  It.  R207f. 

—  S  pt.  orFuencaliente 

—  Sta.  Cms,  fort  San  Miguel 

Azores. 

Corvo,  ■#>  4mn  w,  Npt 

Flores,  NS  9m.,  N  extr 

—  Sta.  Crux,  fort  

Fayal,  ^  llm.,  W  pt.  

—  Horta,  Sta.  Crux,  castli-,\ 
ltF28f. J 

Pico,  tr  25m.,  Pk.  8400C  7  ... 

—  Ept 

St  George,  %  29m.,  S  audi 

Ept / 

—  N  und  W  pt  outer  rk. 

Graciosa,  %  7m.,  W.  pt  

—  Praya,  castle 

Tercera,  EW  16m.  Praya 

—  Angra,  Custom  ho 

—  Sum.  3495f.   

St   Miguel,  r,  E  or  Arnel\ 

pt,  F,  Fl,  2l9f.  J 

—  Delgada,  It  F  20f.,  Cus-  \ 

towho.  quay  J 

—  West  pt  or  Pt  Ferratia,\ 
It.  bad / 

St.  Mary  1.,  %  9m.,  town 

—  mid.,  sum.  1660f. 

Formigas,  NS  jm.,  60f. 

DuUabaratt  shl.  [lc],  nf.  8  ... 


Cape  Verdes. 

St.  Antonio,  J*  22m.  N  pt,1 
It  F23f. / 

—  West  pt 

—  Sum.  7400f.  

—  Tarafal  B.  wat.  place   

—  South  pt    

—  NE,  BuU  pt,  It.  F,  Fl.  543f. 
St  Vincent,  EW  16m.,  S  pt... 

—  Porto  Gmande,  S,  Bird  \ 
U  ItF306f. J 

—  Flagstaff   or    Tele-1 
graph  Office  j 

St  Lucia,  ^  7m„  N  pt ..... 

—  Village,  ruins,  SW  side,  w. 
Branca,  ^  3m.,  N  pt 


LatN 


Lon.  W 


280  96 

28    7-0 

27  43  8 

28  ii-o 
28  36* 
28  28-2 
28  00 
28  16-5 
28  20'5 
28  252 
28  65 
28    67 

27  505 

27  425 

28  50 
28  26  7 
28  405 


39  43  5 
39  3* * 
39  27-0 
38  35* 

38  317 
38  280 
38  247 

38  325 

38  45*2 

39  4*2 
39  32 
38  437 
38  38  9 
38  43*5 

37  49 
37  44'2 

37  517 

36  56'<> 

36  58*5 

37  162 
37  137 


17    12-0 

17  4*< 
17  4 
16  572 

16  547 

17  7 
16  470 

16  547 

16  53*3 
16  490 
16  45*0 
16  41  o 


I5°43'2 
15  25 
15  34 

15  25-5 

16  85 
16  147 
16  41-2 
16  39  o 
16  55 

16  32*0 

17  205 
17  135 

17  55 

18  10 

17  47 
17  497 
17445 


3«  7*2 
31  130 
31  80 
28  50  5 
28  385 
28  25-0 
28    30 

27  467 

28  20  2 

28  47 
27  585 
27  4-2 
27  137 
27  20  5 

25     8*2 

25  407 

25  52-2 

25  95 
25    62 

24  475 
24  44  5 


25  57 
25  225 
25  17 
25  190 
25  "85 
24  590 

24  5?o 

25  07 

24  595 

24  47o 
24  45  5 
24  41*5 
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MARITIME  POSITIONS 


(<») 


Places 


4 
6 


±} 


Raza.  J;  T,  EW  2m.,  mid. 

St.  Nicolas,  4,  85m.,  N  pt 

—  East  pt 

—  South  pt *«...... 

—  Wtst  pt ...... 

Sal,  NS  17m.,  N  pt  

—  NWhiU 

—  Martine*  Pk ,  13401.... 

—  Wreck,  or  S£  pt 

—  8onth  pt „. 

Bonatista,  EW  18m.,  N  rf.l 

and  pt J 

—  HartweU  rf.,  8,  NE  pt 

—  East  eztr.  or  S.ndltead,  1 

outer  rk. / 

—  Sooth  pt.(rks.) 

—  English  road,  SmaJl 

It  F»lf. 

—  New  town,  ch 

Lcton  rki..  [lml  3,  8,  f 

Mayo,  NS  12m.,  N  r€,  N\ 

andE  pt * J 

—  North  pt 

—  South  pt 

—  English  town.  Fort  San  1 
Jose,  It  F62f.  J 

St.  Jsgo,  %  31m.,  E  pt 

—  Port  Praya,  Temerosa  pt.,  \ 

ItF85f. / 

—  Mt.  St  Antonio,  7400f.  ?... 

—  West  pt,  extr 

—  North,  cr  Bighude  pt 

Fogo,  EW  15m.,  N  pr 

—  Fort  Carlotta,  It.  F  116£.  ... 

—  Peak,  9760f  

Brava,  NS  6m.,  W  pt   

—  South  pt 

—  Two  Islets,  EW5in.,W  extr. 


LatN    IxhlW       (42) 


6°38' 
6  42*0 
345 

28 

377 

5io 

480 

49 

35<» 

34 


614 
6  11 
6    7 

5  57  o] 

6  9 
6    76 
5  48 

5  20 

5  190 
5    6-5 

5    7 

5  1 
4  530 


2 

173 

190 

1*5 

520 

56 
497 
46 
57 


Mount  bill,  It  F  208f.   

North  rk •*..—.. 

West  extr.  of  reefs 

South  extr.  of  reefs 

Dockyard,  clock  [Q © 

Wreck  hill  

Gibbs  Hill,  It.  Rev.  362£  

Region  of  Submarine  Vulca-1 
noes / 

Penedo  de  San  Pedro,  or  St  1 
Paul's  rk*.,  [Jm.],  I*  \ 
mid.  rk.,  bUf,  ••••••••J 


32  217 
32  284 
32  «6 


ATBICA, 
W.W.  Coast* 

C.  Spartel,  It  F  312f. 

Mt.  Habile,  3000f. 

Araish,  w*   

Jebel  Sarsar,  or  pk.  of  Fas 

Mehedia,  456f. 

Sallee,  ffl 

C.  Dar  el  Bdda 

Azamor,  120f  r 


12 

194 
167 
15 


r7  on 
1    lo 

Li   oS 
o  55  5 


35  47'2 
35  28 
35  128 
34  54 
34  18 
34    27 
33  38 
33  18 


24°  37' 
24  20-5 
24    o 
24  185 
24  26  2 
22  550 
22  5 ,s 
22  56 
22  5.V5 
22  57 

22  57 
22  41 
22  40 
22  49'5 
22  57 

22  55-5 

23  10 

23  11 

23  120 
23  10  5 

23  13  2 
23  26 
23  307 

21  39 
2348 

23  46*0 

24  21-5 
24  305 

2\  20 

24  45? 
24  42  7 
24  43* 


64  387 

64  47  7 

65  3 
64  52 

64  5>*5 
64  547 
64  51  5 

16    o 
24   o 

29  22-5 


5  557 

I43 

6  9 

5  47 

6  36 

6  46 

7  36 

8  15 


Places 


n 


Mazagan,  w\  r* 

North  a  Blanco,  170f. 

C.  Cantin,  1,  lilt  (rks.  off) 

Safi,  Mosque,  209f.,  ir   

Jebel  Hadid,SWsum.S100£9\ 

tomb    j 

Mogador,  or  Souirah,  CD,  w  f 

C.  Tefetneh,  700f.  pt 

C.  Gbir,  I ,  I235f.  pt 

Mt  sum  E  of  C.  Ghir,  4400f 

Sta.  Crux,  or  Agadir,  f 

R.  Sous,  bar 

Macaa,  or  Messa  It,  Castle 

CleaTelandShl.?    

Fogo  Pk„  2970f. 

C.  Noun,  1,  T,  170f.   O 

R.  Noun,  or  Soleiman  ? 

Port  Cansado,  0,  enir.  ..... 

C.Juby.U*] 

False  a  Bojador 

C.  Bojador.  4  W  pt   

Penha  Grande,  300f. 

a  Seren  Capes,  Central  a 
Domford  Pt,  entr.  R.  Ouro,Q3 
Down  of  Cintra,  or  peaked  ^ 

sand  hiil,W ••••.........  J 

C  Barbas,  1 

C.  Blanco,  1 ,  150f.,  (w  N-d.)  \ 

(8SW-d.  5m.)    

Arguin  bk.  (lira,  of  8,  ■), 

extr , 

—  West  extr. , 

—  South  extr. 

C.  Mink,  I  8  2  or  3  I.  off 

Port  end ik,  w^ft.Xt  near  ... 

Mosquito  Lagoon  8 

B*rl>arie  Pt    

Senegal,  QQ,  St.  Louis,  (bar,1 

8),  fort  fl.  st,  and  It  F  ...J 
C.  Verde,  C.  Al roadie,  It  F  85f. 

—  Paj»s,  It.R  371f. -..., 

C.  Manuel,  It.  F 17  If.    

Goree  L,  \  4c,  [Q,  fl.  st,  fort 

Amboroo  bk.,  W  pt,  I  

Bird  I.,  J*  Sm.,  Pilots,  fl.  st, 
R.  Gambia,  St  B*  Bath.  fl.  st. 

C.St  Mary,/ 

Bald  Cape  (Is.  4m.  W-d.) 

Casamanza  R.,  It  F  52f.  

C.  Roxo,  /,  Sand  hill,  f, 

Falnlo  breakers,  ^  3m.,  T ,  1 

Wpt / 

Fort  Cacheo,  Portug.  Settlero. 

Cayola.,/,  T.  *,Spt 

Bissno,  S,  w,  r 

Bijooga  ls.P„  W  extr.  break- 1 

er  30m  ,  out  J 

—  South  breaker  

Pullam  I.  [Ira], /,  *,(rfs.,l 

SW8m.)     / 

Alcatraz  reefs,  #  7m.,  NE\ 

Id.  ^  / 

Conflict  rfs.,  S  and  E  prong... 

Rocky  Head,  t 

Rio  Nunez,  w,  P„  Sandy  I. 

C.  Vergs,  pt.  /   

Mt  Kakulimah,  2900f. 


LatN!Lom.W 


33°i5r 
33    8 
32  32  5 
32  18 

3"  42 

3i  30  5 
31  6 
3038 
30  39 
30  26 
30  22 
30  4 
30  45 
29  II 
28  46 
28  42 
28  2 
27  58 
26  25 
26  7-0' 

25  7 
24  41 
23  360 

23    5 

22  I95 

20  46-5 

20  33 

20  6 
9  17 
24 
19 
35 
55  ! 
08 


44  5, 
43  ! 
386 

16  I 

395, 
280! 

30 
23 
355 
20 


2  10 

2  177 
1  50 
1  52 

1  30 

0  40 

o  52 

to  37 

o  22 
o  6 
o  366 
o  12 
9  458 


8°29' 

8  3» 

9  21 
9  «2 

9  29 

46? 

48 

50 

33 

32 

3o 

38 

21 

6 

3 

5 
14 
52 
12 

29 

So 

o 

58  *> 


16  10 
1645 
»7  4 
16  56 

7 
32 
32 

2 
30 
341 
16  31  o 


32  7 
3i 
27 
24*5 
3 
40-5 

350 

4i 

6  50 

6  44 

16  46 

16  44 

16  13 

16  22 

15  37 

58 

8 


15  43 
15  21 

14  4* 

14  a 
132* 
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MARITIME  POSITIONS 


(43) 


Places 


':.} 


Ia.dc  Loa   EW  6m,  w',  r,\ 

Crawford  ld..En*l.  Rstab  J 
—  W  one,  Tsinara  I.,  8  ' 

T,  $'E,Wpt 

SallahtookPt 

Yellaboi  I.,EW  2m.,  t ,  W  cliff 
C.  Sierra  Leone,  It  F,F1.  75f.|E 

Freetown,  N  battery 

False  C.  Sierr.  L , 

C.  Shilling,  /,  £,8ura  over... 
Bananas    Is.,    #    5mM    w,"l 

Gov.  ho ."../ 

PlainUin  Is.,  EW5m.,out«  r  rk. 
Shis  of  St.  Ann,  N \V  patch;  s,  5 

Turtle  Is.,/,  N  Id.,  [|ra.] 

Sherboro  I.,  W  pt,  or  C.  St.  \ 

Ann,  *   / 

R.  Shebar,  E  entr.,  or  Man.i  Pt. 
R.   Galiinn<,  Katuasoun    l.\ 

[Ira.],  W  elbow    / 

C.  Mount  Riv.,  town 

C.  Mouut,  w,  pk.,  lo60f.   .... 
G    Misurado,  8  1.    f ,  w,  It  \ 

F240f.    / 

Monrovia.  Govt,  ho 

Marshall.  Agent's  ho 

Grand  Bassa,  Amer.  Agent's  ho. 

Tabocanneerk 

Trade  Town  

Mt.  Tobacco,  830f. 

Ccstos,  factory  

R  Sanguin,  r,  b,  Pt  Satiguin 

Bloobarra  pt 

Settra  Kroo 

King  William  Town,  Europ.  \ 

factories J 

Coley  rk  I ..... 


Gulf  of  Guinea. 


C.  Palmas,  U.F 

Tafau  pt 

Kadaliboo  bluff 

Oval  Mountain,  131 5f 
K'ng  George  Town   .. 

C.  Lahoa    

Head  of  the  Bottomless  Pit,  iw 
Assini  R,  entr.  bar,  nf., 
Apollonia  (abandoned), 

Axira,  Dutch  fort  

C  Three  Pis.,  90  2m ,  It.  F  75f. 

Disc  Cove,  J,  fort    

Eimina,  Dutch  fort    

C.  Coast  Castle.  It  Fon  Fort  \ 

William,  192f. / 

Accra,  Fort  James,  [[ 

F50f. 

Camel's  Hump,  1200f.  . 


±) 


R.  Volta,  W  pt,  /,  entr 

C.  St.  Paul,   /  (no  distinct  \ 

cape),  *. / 

J«lla  Coffee 

Quitta  Danish,  r,  SE  bast.... 
little  Popo,  *,  |,„  NW  shed 

Grt  Pope  (bar.  •) 

Whydah,  fl.  st .-...., 


Lat.N 


Lon. 


9°27'4 

9  28 

9  4 
8  570 
8  300 
8  299 
8  26 
8  10 

8    80 

7  54 
7  58 
7  40 

7  34 
7  23 
7    o-i 

6  45 
6*  43 
6  19 


191 
81 
54i 
48 
44 
47 
264 
127 
592 
54 


4  49 
4  23 


22*1 
248 

39 

57 

58 
11 

'le 

59 
52*3 
447 
47-8 
4-8 


S    6 


318 
37 

460 

5o 

52 

55*i 

136 

16 

189 


West 
I3°48'5 

13  52 

13  20 
13  iS  5 
13  185 
13  14  5 
13  18 
13  10 

13  H7 

13  3 
13  34 
13    4 

12  58 

12  31 

11  387 

11  23 
11  21 

10  50 

10  49-0 
10  227 
40 
1 
54 
44 
347 
202 
20 


8  50 
8  43 
7  54 


44? 
215 
54 
48 
3 
3i 
57 
23 
35 
147 

22*2 


I    I37 

o  115 

o  31 
East 
o  41*2 

o  58 


o 

597 
36? 
54 

50 


(") 


Place* 


Porto  Novo  (no  port)    

Badagry,  shore  hut    

Lagos,  entr.  [lm.1  bar  I  f.,  \ 

It.  F70f.. ...!..... / 

Oddy  Sand  beach  

R.  Benin,  bar  raf.  NW  pt 

R.  Forcados,  entr.  S  pt 

R.  Quorra,  or  Niger,  E  pt 

C.  Formosa,  A  t  (no  distinct  1 

cape)   f 

New  CalebarR.,entr.  raf.,  W  pt 
Bonny  R.,  entr.  Iff,  E  pt.,\ 

Tt  r,  rough  corner / 

Old  Calebar,Tom  Shot's  Pt... 

Mt.  Cameroon*,  1.3760f. 

Cape  Goner  oonn....*. 

Rumby  Mountains,  sum 

Qua  Mount,  25  1 

AmbnsB ,  Mondolehl.  [Jm.]  1 

A-  *.w,Spt / 

Sucllaba  pt.  (rf.  3m.  off)  

The  Mitre,  3940£,  S  sum 

C  St  John,  f   

Cori>co  1,4$   

C.  Es  ciras 

Gaboon  R.,f  w,  Libreville,  It.  F 
King  George  Town  


Fernando  Po,  #  40m.  ^Sm.^ 
0.  Bullen.  or  N  pt / 

—  Peak,  10710f. 

—  S.  pt,  or  C.  Barrow 

—  Clarence  Cove,  w',b,  Ade*  \ 
laide  islet      E,  It.  F / 

Princes  I..  NS  9m.  N  rk.  off... 

—  St  Antonio  B.,  fort  Sta.  11 
Anna J 

Brothers,  2  Is.,  KS  2jm..  S  one 

St  Thomas  I.,  J*  25m.  sum.  \ 

7020C / 

—  St*.  Anna  de  Chaves,  fort  1 

St  Sebast.,  It  F  35f. ...  f 

—  Ilha  das  Rollas  [Im.]  off  \ 

8-Pt J 

Anrobona,  %  4m.,  80    ...  .  1 
Turtle  I.,  £lm.],  f  ,  w,  r/ 

—  S  extr.,  rk.  off 


ZSXJsJTBS    TV   SOUTH 
ATI.AJTTXC. 

Ascension,  EW  7$m.,  Fort"! 
Thornton,  It  F,  E    / 

—  Green  Mtn.,  2820f.  

—  Cross  Hill,  850f.  on  with  \ 
Gr.  Mt.,S71°E   / 

St.  Helena,  J*  9m.,  Diana's  \ 
pk.  2700f.   J 

—  Observatory,  ♦  lb  G.M.T. 

Fernando  Noronha,  Is.,  #\ 
6m.,  S  and  W.  extr.  pt  ..  J 

—  peak,  on  SE  side  

Rocas  [4m.],  rf.  NW  end 


Lat 


North 
6°23' 
242 


24 

20 
46*0 

22*0 
17 


4    15 

4  23 


23 
36 

13 

55 
57 
15 

587 

5i 
20 

97 
559 
38 
23 

8 


35 
'3 


348 

3 
3 

3  460 
1  43 
1  395 
1  211 
o  147 

0  205 
Soutli 
00$ 

1  24  3 
1  286 


7  55 
7  57 
7  557 

15  57 
15  55*4 

3  5* 

3  504 

3  $«5 


Lon. 


Ka-t 

2°35' 
53? 

27 


3<7 

4 
19? 

4 


6  11 


7 
7 
8 
9 
9 
9 
851 


19 
12 

30 
18 


125 

35 
57 
22 
20 
21 
26 


8  43 

8  47 
8  43 

8  47*5 

7  23 

7  26  5 

7  i7'5 

6  33 

6*  43 
6  30 

5  38*2 
5  367 


Wtst 
14  25 
14  21 
14  250 

5  40-5 
5  42-5 

32  28 

32  25'5 

33  49 
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MARITIME  POSITIONS 


(4S) 


Placet 


Trinidad  L,*k4m.,90S0f.S.pt 
Martin  Vat.  3  Is.,  K8  1  Jm. ... 

Triran  d'Acunha,  [6m.]  \ 
Waterfall,  N  siJe  / 

Inaccessible  I*.,  16  L,  «r,  |*1 
w,  W  one    J 

Nightingale  I.  [2m.] 

Gough's  L  [5m.],  4385f.,l  - 
Npt Je 

ArmxcAt 

West  Coast* 

Naxareth  R.,  Fetish  town,  W  \ 

entr / 

C.  Lopes,/,  T.f   

C.  St  Catherine,  [f]  

Settee  R,  a  high  f   

Mayumna  B*  r,  Matooii  Pi.... 

Lonngo  R,  entr. 

Black  Pt,B.,  [  f  ],w"*.Sandv  \ 

Put BJ 

I*ndana  Pt.,  It.  F  11  If. 

Kabcnda  Pt,  It  F  50f. 

Congo  R,  P,,  Pt  Padron 

—  S.  entr.,  or  Shark's  Pt,  T  ,\ 

*o2c  / 

Foreland  bluff.  It  F  78f.  

Anibris,  %  ,r  It  F 

Dande  Pt  and  riv 

C.  Lagostas,  rks. ,  It  F,  Fl.  2 1  Of. 
St.  Paul  de  Loando,  ffl,  OEM 

fl.  st     E / 

Palmairinhas  Pt.,  It  F,  FL  57f 

C.  Le4<>,A,  f,pt 

CSt  Bras,  CD,  r.  

Nora  Redonda,  rt  w0  I,    ... 
Qnicombo  B.,  0  1m.  out,) 

">Spt /e 

St.  Philip  de  Bengucla,  t ,  w,t  1 

St  Philip's  Bonnet,  It  F  [ 

394f. J 

LogitoR^^r 

Lobito,  ffl.  f,  ww0,  pt  

Salinas  Pt,t  f  »t  pt,lt.F,  6 
Elephant  B.,  ffl,Rf  wWo,") 

Monks,  or  Friars,  rks.  }•  9 

12orl4f. J 

CSt  Mary,  T,w     6 

Little  Fish    B*   Ponta    dot 

Oiraul,  It  F  64f. / 

C.  Negro,  200f.,  I  pt,  Dias's\ 

PUlar  / 

Port  Alexander,  ffl.  f  #   

Great  Fbh  B.,  w,  F,  Tiger  I 

Pt-  T,»02c ..../ 

Nonrse  R.  (temporary) O 

C.  Frio    

C.  Cross  (or  8ierra) 

Mt  Colquhoun,  17  or  18  1...  6 
Wnlvi-ch    R,     ffl,     F    w0,\ 

fatiory.lt  F  24f.  / 

Port  Sandwich,  or  d'llheo, \ 

OD.r  tv f 

II.. Ham's  Bird  L  [2c],  rf.V 

8W5m,  ~,  lt J 


Lai.  S 


Lou. 


20°3I' 
20  28 


37    2'7 

37  17 
37  27 
40  19 


037 

0  360 

1  5« 

2  23 

3  227 

4  39*5 

4  49 

5  » 

5  32 

6  8 

6  46 

7  15 

7  52 

8  28 
8461 

8483 

9  4 
9  46 

10  1 

11  12 

11  20 


"  339 

n  585 
12  20 

12  53 

13  14 
13  25 
15    9 

15  407 

15  46 

16  30- 2 

17  25 

18  23 

21  50 

22  32 

22  57 

23  30 

24  37  4 


West 
290 19* 
28  51 

12  185 

12  36 

12  29 

944 


East 
9     1 

8  43 

9  6 
9  26 

0  38 

1  45 
46 

8 
11 
13 


2  17 


53 
8 

19 
175 


3  13 


o 

17 
22 

54 
48 


3  18 

3  46 
3  32 
2  59 

2  427 

2  33 
2  12 

1  58 

2  o 
1  46 

1  54 

2  2 

3  57 

4  30 
4  25 
4  33 


(46) 


Placet 


Mercury  I.  Qm.J  O 

Antrim  Pcquvua,F,wN  10iu„  I 

SW  or  Pedestal  Pt  / 

Seal  L  [1m.],  w0  

Possesion  I.,  %  Sot,  rfs.  I  ~ 

off,  w0,Spt  /u 

Arched  rk.,  I OOf.  e 

Orange  Rn  w,  bar 

C.  VoltasW, 

Kooatie  R O 


Lat  S 


25°4*' 
26  38-4 
26  34 

26  58 

27  20 

28  38 

28  44 

29  40 


CAPS   CO&OWT. 

Olifont's  R.,or  Elephant**  R  ] 

C.  Doi.kin  

a  Doseada,  1,  a  

Berg  R,  entr.  (w*  5m.  up)  .. 

Britannia  rk 

St  Helena  B.,  Pt  St  Martin,  I 

Pt  Patenu  ster,  or  W  pt 

Sunken  rock  ?    

Sulilaiiha  B.,  r,  r,  w,Ship  rk-,  \ 

atNpt / 

—  Houijfi  B.,  S,  Hout  pt... 

Schauen  I.,  w\  W  pt 


Dasseii  L,  *fc  «m.,  4  *-,  wof  * 


> 


0  2m.,  cent 

BockPt 

Robbcn  I.,  ^  I  Jm.,  lt  F  I54f. 
Table  R,  Green  Pt,  lt  F~ 

«5ft.E  

Devil's  Peak,  3270f. .. 
Caps    Observatory,  ♦  lk) 

G.M.T.  11*46-  5' / 

Cape  of  Good  Hope,  lt  Rev.  I 

816f.    / 

Bellow's  rk.    

Simon's  B.,  Dk.  yd 

C.  Hangklip   

Danger  Pt,  t  rks.  Sat  bluff .. 

Quoin  Pt    

C.  Agulhas,  S  extr.  of  Africa,  1 

ltFl28f. / 

Pt  8truy«,  J  3m.    

C.  Infanta,  S  pt,  Sebastian  B. 

C.  Barracouta 

C.  Vacca 

Flesh  Pt 

C.  St  Blaize,  It  Fr  240C  

Knysna  R.,  ffl.  entr.  L 

Plettenburg  B„  w,  r,  f,  S  pt  \ 

or  Seal  C / 

C.St.Fiancis,rfM&  T ,  ltFI.U8f. 
C.  Hecif,/,  It  Rev.  93f.  (rf.  4m.) 
Algoa  B.,  Port  Elisabeth,  lt  \ 

F225£    / 

Bird  Is ,  %  3m.,  E  pt  lt  F  80f. 

PtPadron 

Kowie  R,  entr.  Port  Alfred,  \ 

lt.F40f. / 

Grt.FibhPt 

R.,entr. 

Keiskama,  R.,  entr.  W  pt 

Cove  rks.,  centre    

Buffalo  It.,  East  London,  F  45f. 

C  Morgan   

Hole  in  the  Wall  .-...« 


38 

54*2 

18 

4al 

40 
42*2 

s«  I 


33    «7i 

33 
33 


26-2' 
338 

49'2, 
54  2 
572 
56-c1 


34  2P2 


23 
«*3 

232 
37-8 
468 


34  497 


41-4 

284 
264 
197 
17  7 
11  2 

5 
6'5 

u-6 

17 

33  577 


505 
465 


33  36 


3**4 
296; 

167I 

si 

3'»i 
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MARITIME  POSITIONS 


(47) 


Placet 


Rame  H«  ad 

St  John's  R,  entr. 

C.  Natal  

Port  Natal,  DO.  bar  «,  S  pt\ 

of  bay,  It  Iter.  232/. J 

Fisher's  R  

Dunifcrd  Pt 

C.  St.  Lucia    

St.  Lucia  R,  en»r 

C.  Vidal 

Goldowu's  Blind  river  


ATIXCA, 
Xavat  Coast. 

Delagoa  B..  C.  Collato,  260f... 

—  C    Inyack,  N  pt.  of  St\ 
Mary  I.,265f.    J 

Port  Melville,  Elephant   L,  1 

w  SW  side.  Gibbon  B"  pt  f 
English  R,  Keuben  pt,  lt\ 

Fl34f.    M J 

Innampura  R,  entr.  

Pt.  ZaroraR 

C.  Corrient  s,  1 1 L,  small  rk.,  \ 

15f.  / 

Barrow  Hill,  Burra,   It  Fl 

80f.  / 

Innamban  B.,  ffl,  town 

C.  Lady  Grey,95f. 

C.   St  Sebastian,  10  ].,  pt  1 

i»5r. / 

Bazarouta  Is..  N  pt.,  or  C.  1 

Bazarouta,  S90f. / 

Inverarity  shL,  Mi-adjuano  ... 
Chiuwan  L     [5m.  |,    /,  f,\ 

Singune,  ltF36f. .....J 

Sofala  R,  bar.  raf.  fort 

Pungue  R,  Beira,  It.  red 

Zambesi    R,    Kongoni   R  \ 

mouth,  It-  85f. / 

Kiliman  R.,  bar  »f.,  /,    f  ,1 

Pt.  Tagalane,  It.  F  52f. .../ 

Acorn  rt 

Primeira  Is.,  Casuarijna,  or) 

Ratal.,  t  W,  wb,  b / 

Mt.  Corkburn 

Angocbe  Is..  Wst,or  Moma\ 

bk.[lm.] / 

—  Mafamede  I.,  /,  * ,  rfo.,  c«*nt 
R,  Custom  bo 

St  Antonio,  R,  8  pt,  rf.\ 

[2m.]  / 

Huddsrfsshl 

Moginkwah  R  ,  Funeo  pt.    ... 

Port  Mocamba,  N  pt.,  entr.,  1 

T,  S,  pk.,ab.  2000f.        ] 

Mozambique,  ffl,  Sebastian  \ 

Fortfl.«taff,lt  F.  green  42f.  J 

Mt.  Pao 

Mount  Meza,  \095t  

Titangonya  I,  #  2ra.,  S  pt ... 

C.  Melamo 

Penda  sbl ,  E  estr 

Loguno  Peak 

Sorisa  Pt    

Mauohano  T\ , 


LntS 


3i°48'4 
31  345 
29  53 

29  53 
29  163 
29  02 
28  325 
28  260 
28  9-6 
26  55 


Lou.  E 


29°i4'5 
29  287 
31     22 

31  4 

3i  33 
21  515 

32  275 
32  265 
32  380 
32  53 


26  40 

32  58 

25  580 

33  0 

25  58 

32  54'2 

25  588 

32  36 

25  1 16 
24  285 

33  31*5 
35  12-5 

24  55 

35  30*5 

23  455 

35  32? 

23  49*5 
22  55 

35  3  5 
35  36*5 

22  6 

35  29 

21  310 

35  280 

20  42 

35  10 

20  382 

34  535 

20  10  7 
19  502 

34  43 
34  5o5 

18  53 

36  117 

18  14 

36  57 

17  37 

38  135 

17  65 

39  4 

16  29 

3856 

16  47 

39  32 

16  205 
t6  13 

40  2 
39  56-5 

15  57 

40  9 

15  47 
15  32 

40  26 
40  29 

15  8 

40  35 

15  07 

40  44  7 

14  50 

14  43 
14  510 
14  250 
14  150 
14  21  0 
«3  328 
12  58 

40  25 
40  3S 
40  500 
40  50 
40  500 
40  35 
40  35* 
40  36 

(48) 


Places 


Pomba  Bay,  9,  Npt,entr.,  T 

Arimba  Head 

Ibo  I.,  J±  5m.,  Ibo  Bluff,  It 

F51f.  

Mahato  I.,  \  2m..  N  and  E  pt 
L   doa  Mat  toe,   [|m.],  rfs. 

2m.  out    ^ 

Fungu  Namejrnn,  E.  pt  of  reef 
Tambuzi  I.,  EW  2m.,  rft.  \ 

2m.,  w' / 

Mazimba,  fort 

Nuiuba  L,  J±  3m.,  E  pt 

Ron*;wi  I,  E  pt 

C.  lMga.lo,  pt.,  It  F  59f. 

C.  Rovouma   , 

Miituuda  Ft 

C.  Paman,  Hull  rk 

Mikindani  Hr  Kin^i  V.ll 

M  ngulho  It,  b,  w,  Mndjovi  ) 

Rks. / 

MA9AOAIOAS. 

S  extr.,  C.  St  Mary 

Sturbk.,  SW  p4irt,  s7 

Star  reefs,  NS  3  1.,  T  W,  S  one 

Leven  I ,  [Jm.],  centre 

Harracouta  I.,  [Jin  ] 

St.  Augustine  B.,  Tent  rk.  ... 

Noss  Veh,  or  Sandy  I.  

Murderer's  Bay,  N  pt 

Murder  I.,  rf.  2m.,  SW 

C.  St  Vincent   

Mourondava,  w,  r,  T    

Barren  Is.,  /,  ♦,  S  danger   ... 
—  Smyth's  islet,  on  rf.  -Jf-  K 

2|m J 

Coffin  I.9(  (SSI.) 

NW  extr.,  C.  St.  Andrew 

Chesterfield  bk.  [Jin.],  T 

Boyanna  B.,  W  or  'I  able  C... 
Beinba  ooka  B.,  $,  r,  E  or  \ 

Majttnga  Pt   j 

Makumba  I 

Majaiubo  B.,  ffl,  entr.  W  pt.... 
Nareenda  B.,  ffl.  entr.  Wpt... 

Luza  R,  bar  2,  ffl,  entr 

Saucassee  I,  NS  4im.,  N  pt... 

McCluer  Pt  

Erandza  I.,  NS  2m.,  N  pt    ... 
Pa<sandava  11,  Nincpin  I.,"l 

It.  F  184f.  / 

Passage  I.,  [£m.]   

Dairy  tnple  B.,  S,  r,  w,  b,entr. 

Martahoolah  Pk 

Noss  Beh  I.,  NS  13m.,  N  pt... 

Minow  I,  N.  pt 

C.  St   Sebastian  (Is.    5m.  \ 

off),pt / 

Woody  L,  [Jm.]    

Port  Liverpool,  S,  entr.  N  pt. 

N  extr.,  C.  Amber 

Amber  Mountain 

British  Sound,  ffi,  entr.,  Cla-  1 

reo**  Id. / 

C.Lowry 

Porte  Looke,  3,  Buthurst  Pt 


LatS 


i2°55'8 
12  38-: 

12  200 

11  58-2 

11  49 

11  285 

11  213 

11  185 
11    9-5 

IQ  51 

10  413 

10  287 

IO  21 

10  n*5 

10  16  5 

10    67 


25  38'9 
25  39 
25  25 
25  125 
25  30 
23  354 
23  3»-4 
22  12-5 

22    53 

21    525 

20  18-3 
8  41 

8  181 

7  290 
6  1 14 
6  17 
5  590 

5  429 


420 
117 
403 
369 
3*7 
150 

535 

282 

28-2 

30 
6 

12*2 

49*5 
2  27  7 
2  167 
2    33 

1  575 

2  345 

2  138 

2  350 
2  44  2 


Lon.  E 

40°3t'2 
40  39t> 

40  385 
40  362 
40  37 
40  407 
40  41 

40  22*5 
40  4 2" 2 
40  4I'5 

40  39 
40  3«'5 
40  272 
40  9 
40  75 

39  59 


45  5-o 
45  21 
44  16 
44  16*0 

44  55 
43  43  7 
43  36 
43  16-0 
43  135 

43  18  5 

44  17*5 
44  I 

43  44  7 

43  45? 

44  29 
43  53 

45  16 

46  185 

45  55  7 

46  57  5 

47  245 
47  4io 
47  33? 
47  47? 

47  45 

48  130 

48  277 
48    o* 
48  18 
48  167 
48  37  o 

48  437 

48  39? 

49  9*5 
49  170 
49    9 

49  215 

49  377 
49  45 -o 


568 


TABLE  10 


MARITIME  POSITIONS 


(49) 


Placet 


Port  Leven,  ffi.  Lingo  rk. 

Noshe  Barracoota,  flm.] 

Andrava  B.,  Berry  lid 

Manambatoo  Vill ,  tt 

Voliemar  Pt 

Mananhar,  Tabic  11.11    

C  East,  outer  L 

Damford  Noss,  pt 

Port  Choiseul,  town  

C.  BaUones,  pi.  

Tangting,  ffl,fl.  st 

St  Mary's  L,#  11  1„  N.  pt... 

—  I.  Madame,  or  Quail  L,on  \ 

Wside,Establ,lt  F31f./ 

Fenerive,  town  

Foulc  Pt.  Vill.,  r,  L  

Prune  I.,  vi<.  51.,  f    

TamaUTe  Pt,  I 

Fong  Is^  small,  S  one  

Vatomaudri    

Mahanuru,  town 

Fanantara,  town 

Rangaxara,  town  

Footak,  town 

Manambatoo  (South),  town  ... 

Loodatoo.  town 

St.  Luce,  N  islet 

Pt.  Ytapere,  extr.  

Fort  Dauphin,  fl.  st 

Xalanda  ©sT  Xadafatear, 

Europal.,  [1  L],  ♦  ,  65f. 

Kassa*  da  Ind.a,  [2  1.1.  T ,  S  pt. 
St  Juan  da  Nova,  £2jm].l 

A  **  ^ / 


LatS 


I2°46'5 

12  48 

12  568 

13  "4* 
13  *3  5 
*4  39 

15  158 

16  cro 

15  27  3 

16  140 

16  4*5 
16  40  5 


49°53'* 
49  55 
49  54  5 

49  56  5 

50  12 
50  137 
50  29's 
50  95 
49  50? 
49  5**> 

49  44? 

50  27 

17    oo|  49  52-0 


17  23 1) 

17  404 
IS    4 

18  10 

18   26  c 

19  17^ 

19  54  c 

20   51  2 

20   5S  2 

24  4c 
24  17V 
24  367 
24  447 

24  597 

25  «3 


22  22  5 
21  31 

«7    35 


12  46 
12  15 


Mayotta,  NS  7 1.,  Pamanii  I. 

It  F _ 

Johanna,  NS  8  I ,  pk.,  B  part 

—  Town.w.r.P'  1 12  ire 

Numachao  Mohillah <  12  25 

Comoro,  NS  12  L,  T,  t  \  n  ,.   CA 

NW,SEpt /°|       54 

—  North-east  pt O  "  *9'5 


Geyser  sh.(  SW  elbow  . 

Borneo  shl „ , 

Glorioso  I.  and  rfs.  [4  1.],  /, 
*  * ,  T »  Isle  tlu  1  j*e, 
Wpt 

Assumption  I.,  #2  1.,/,  » , 
humm»ck  on  SK  pt ,  60f. 

Aldabrala.,  KW8l.,ffl?f, 
F,  W  pt.,  70f. 

Cotmoledo  Is.,  [3 1.],  laf.,  no 
entr.,F,  [*]  S|-SW,  or 
Menail.,  f  ,t,40f. 

A  stove*  small,  4  centre 


AJrlosvn  Coast  continued. 

Llndy  It,  w,  r,  fort    

MchingaB.  Vill 

Kiswere  Hr,  S, Rushing!  Vill 

Pagoda,  Pt .<., 

Quil.  a,  ffl,fort   


12  25 

12  14 
II  302 

9  46 

9  225 

♦  41 

10  65 


9  59*5 
9  44*4 
9  *5* 

9  17 
8  570 


Loo,  E 


49  262 
49  33* 
49  30 
49  27 
49  237 
49  2 
4S  502 
48  312 
48  307 
47  30 
47  23-0 
47  155 
47  122 
47  57 
47  02 


40  247 
39  41 

42  47 

45  «S 

44  27-1 
44  22 

43  42 

43  33 
43  39 

46  25 

46  12 

47  22 

46  30*5 

46  12  2 

47  3« 

47  457 


39  43  7 
39  44' 
39  37*5 
39  33? 
39  31? 


(50) 


Places 


Lat 


I 


Quito*,  Ukyera  reef,  E  extr ... 

SongaL,  \  l}nuSEpt ' 

Mafia  L,  #  9  L,  W.  or  Kisi- 

mani  pt.  

Pauna  Pt  extr. 

I*atham's  U  [3c].  I  sd\,  niid.j 
Zinxibarl.,^  I6L.  t,Spt) 

or  Kizirakaa,  w.,  It    / 

—  English  Coxiula^k   

—  N  pt,  or  Nungwe  Pt.,  It  "I 
Rev.  105t  J 

Maseewy  L.  and  rfs.,  [14m.]... 

Tungaty,  Mt,  15  L,  S  |»k 

Pemba  I.,  NS  13  1,4  t,S\ 
or  Said  pt  / 

—  North- East  pt  

—  Port  Chak  cbak.  ffl,  Mo-  \ 
sal  L,  [Im.].  SW.pt / 

Waseen  regies,  15  L,  mid  one 
Mombasa,  /,  f,  w,  r,  P,,  fort 
Melinda  (Leopard  rf.   3m.  1 

off).  Pillar J 

Ras  Gomany.  N  pt   

Ozy  1*1.,  ^Rit.  *f-  5m.;  rf.  4m.) 
Lamo  R,  ffl,  W  pt,  or  K  s  , 

Kattow j 

—  Town 

Patta  B.,  ffl.  rk 

Patta,  town 

Kwyboo  I,  Sst.  of  Juha,  or\ 

Dundas  Is.,  pk.  155f.    ...j" 

Simmambaya,  Set  lie  in. 

Mt.  Gibboos   

Port  Durnford,  ffl,  Foot  Pt.,  \ 

N.  entr.  „ ».j 

Tola  L,  hots  

Port  Kiama,  Doubt  rk.,  mid  \ 

entr J 

Ki-mtyo  L,  J*  3m.,  N  pt  ... 
Juha  It,  bar,  P,,  entr. 


Brara,  town   - 

Marka,  town  

Magadoxa,  town,  P,  

Murot  hill  

Has  Asuad,  4  1*  pt 

Rjs  Awath 

Kasal  Khyle 

Ras  M-bberc,  x'  N.  1  w,  pt... 

E  extr.  of  Africa,  Ras  Ha-  ) 

foon,  500f.f  Z  S,  w,  r,  E  pt  \ 

Hor  Hadeea,  (boats) , 

Ras  Banna  (w  ^-  11m.)   , 

C.  Guardafui  (N  E  extr.  Afric.) 


Gulf  of  Aden* 

AbdT  Koory,  \  71.,  A,  w,  W  pt 
Salt's  white  rk*.  or  Kal  Fa-  \ 
roon  [lm.],  282f.,  mid....  / 
Brothers,  2,  ^  4  Jl.  E,or  Durjy 
Socotra,  EW  70m.,  W  extr.  pt 

—  NW  extr.,  Ras  Bedoo,300f. 

—  Gollonsier,  vill..  w,  r,  b 

—  Tamareed.  r,  w,  Mosaoe... 

—  E  pt.,  Ras  R'dresser,  i    ... 


South 
853'5 
8  325 

7  565 
7  20 
6  54*2 
6  285 
6  97 
5  43 
5  300 
5  223 

5 

4 
5 


293 
54'2 
15  7 

4  30 
4    4'0 
3  12  8 

3  0*0 
2  37  5 
a  187 

2  15  7 
2  14-0 
2    92 

2    cro 

45*5 
12  2 

13^ 

cro 


O  40*2 

o  36  8 

0  145 
North 

1  68 

1  4 

2  IS 

2  4«'3 

4  34*2 

5  328 
7  435 
9  290 

10  268 

"O  34 

11  9 
11  500 


135 
26 

7 

33 
39 
41*5 
39*> 
34 


Lon-E 


39*'39' 
39  31 

39  357 

39  34? 
39  56 

39  3°t> 

39  «•? 

39  I* 

39    60 

38  520 

39  39 
39  5«*5 
39  375 
39  20 

39  41* 

40  18? 

40  177 
40  385 

40  5*7 

40  56-2 

41  12 
4i  75 
41  18-2 

41  3210 
41  28 

41  54? 

42  35 
42  200 

42  22t> 

42  39"? 

44    3 

44  $i 

45  247 

46  17? 
48    60 

48  40-0 

49  45  7 

50  502 

51  22-0 

51  10 
51  IO 
51    16 


52    3 

52  8 

53  16 
53  157 
53  217 
53  26) 

53  59 

54  277 


TABLE  10 


50 


MARITIME  POSITIONS 


(51) 


Places 


Socotra,  Wadde  Fellingk,  w,1 

reaerroir J 

—  SW  pt,  Bas  Kattaunici 

ram.  over,  M65f.   J 

Raa  Ahileh,*. 

RasFeluk,  l,800f.  T 

Mcyet,  or  Burnt  I.,  A,  ^,  w, ) 

8  aide,  $,430  f. J 

Berbereh  Sandy  pt,  It  F  49f. 

Zeyla,r,P, 

Cape  Obokh,  It.  F64f.  

Raa  Bir(w'  W  4m.),  It  F.    ... 
High  Brothers,  5,  %  4m.,  "\ 

rks.,  large  one...*. / 


Western  Snore* 


Jebel  Searjan.  vole,  sum 

Dumtirah  I,  [jm.]»  A,  pk.    ... 

Aaab,ltF. 

Raa  B'  ilul,  sum 

Mohablakah  Is.,  3,  J*  2m., \ 

8W.  Flar,40f. J 

Rakhmat  I,  282f.  

Jebel  Abayil  I.,  150f. 

Barn  rock,  10f. 

Eid  town 

Kurdumiyat  L,  180f.,[2m.],\ 

A,  vole    / 

Hanft- lah    B.,  Daramsaa  1 , 1 

25f.  W.  reef   I 

Shumna  I.,  It  F  69f. 

Howakel  I..  J*  7  m.,  sum.,720f. 
Massowah  L,  [£m.]t  w,  r,  b, 

$',ltF47f! 

Dahalakbank,  SE  extr.,  Mo- 1 

jeidi,  [lJm.],A  / 

—  N  extr.,  Harmil  I*   J*  \ 

«m.,A  t.Ept / 

Dabalak  Kehir,  ^  10  L 

Difhein  I.,  30fc    

Tower*,  hill 

Khor  Nowaret,  ffl,  r,,.  Sha-  ) 

tirehL j 

Raa  Asia 

Low  Sandr  In.,  %  12  1.,  E\ 

extr.,  Eddom  Sheikh  I. .../ 

Trinkitat  Harbour 

Barrmusa  Kebir  I..  [3m.], m  ... 

Sawakin,  ffi,  w,  r   

Oram  el  Kurttsh  bk.,  [Im.],) 

A  sand » / 

Chimney  Hill 

Mahommed  Ghoul 

Raa  Raweyyah,   rks.,   3m.,  "I 

E  pt / 

Reef,  #  3m.,Spt 

South  Peak,  6900f. 

Merxa  Halaib,  ffl,  w,  b,  F,l 

entr „ / 

S  eall  Is.,  3,  &  *  #,  E  one  ... 
Sr.  John's,  or  Seberget  L,\ 

small,  700f.,  T   / 

Mmcour, or  Emerald  L,[l  m.],  \ 

100f.,  T,  *0 J 


Lat.N 


I2°28' 

12   22  5 
12     O 

»  57 
II  14 
io  25 

11  21 

11  sl 
II  58 

12  29 


12   29 

12  43 

05 
14 


3  25 


40-2 
54 
595 
57 


Lon.  E 


4    7 

4  44*5 

5  32 
5    9 

5  33 

5  3i 

6  32 

5  37 
6365 

7  38 

8  152 
8  265 

8  37 

841 

9  13  5 
9    7 

20  51 

20  285 

20  54 

21  3 

22  o 

21  53 

22  15 

22  47 

23  363 
23  50 


54°i3'7 

53  297 

5045 
5038 
47  16 

44  59 
43  29 
43  17 
43  22 

42  23 


43  17 
43    75 
42  44 
42  32  5 
42  32-5 

42  12 
41  58 
41  5'*5 
41  33 

41  39 
40  515 

39  595 

40  14-5 

39  28 

40  50 

40  12 

40    o 
39  187 
38  43 

35  195 

38    77 
38  5o*5 

37  44 

38  10 
37  20 
37  26 

37  48 
37    9 

37  19 

37    o 

36  29 

36  38 
36  12 
36    9 

3^47 


<S2) 


Places 


Ras  Benass,  T  E,  8  SE,  pt.,  I 
Jebel  Wady  Lehuma,  via.,  1 00m. 
Wady  J  u maul  1.,  \  2|m,l 

A  mid  / 

Daedalus  shl.  (AMI  Khee-\ 

tan),  T,ltF61f. / 

Kosair,  town  

The  Brothers,  2  Is.,  %  l£m.,\ 

T,N  Islet,  It  F71f. J 

Jaffatin  L,  Sereea  pk 

ShadwanI.,*fe7m..700f.,T»\ 
SEpt,lt  Fl.  l?0f. / 

Jubal  I.,  Oim.l,  J  E,  sum... 

Ashrati  Is.,  It  F  125f.  

Ras  Gliaiib,  It  F  I65f. 

Ras  Zafarana,  It  F  83f. 

Mt  Agrib.  (Gharib),  5740f. ... 

Suxz,  Port  Ibrahim,  S 1 
mole  hd J 

Toor,  harb.,  ffl,  w'" 

Mount  Sinai,  7450f 

Ras  Mohammed,  1,  90f.,"\ 
peninsula     / 

Akiibah,  fort,  w 

Tirana  Is.,  *fe  3m.,  pk.,  700f.... 

Bastern  Snore. 

SUlah  Is.,  %  6m.,  /,  crL,  S  pt. 

Moilah,  w,  r,  t  „   

—  High  pk.,  9000f.  

Jebel  Antar,  2500  or  3000f. ... 

Riackah  L,  %  2m.,  / 

Mushabeah  1.,  \  5m.,  k  T  \ 

w,  Wextr. J 

Shab  Shaybah,  or  Palinurus  \ 

rfs.,[4m.],  T,  $0,«;mid./ 

C.  Bareedy,  mid.  pt ,  T     

Sherm  Yembo,  S  

Yembo,  the  port  of  Medina,  1 

w'  r,  entr.   J 

Jebel  Soubah,  4500f. 

Shab  Subbah,  or  7  sbls.,  *fe  \ 

3L,  «,  Wlim / 

Thetis,  rf.,  [Jm.],  T,  * 

Sherm  Rhabuc,  S3,  r,  w,  P,  ... 

AbuMadafi    

Jiddah,  ffl,J  WSW7m.,highl 

mosque,  Ed.  of  town / 

Kadd  Hornets,  5f.  [2jm.],  0,  \ 

Wpt / 

Lith     

Kunfidad 

Shab  Mubarak,  rk,  [lm.] 

KhorNobud ~. 

Shab  el  Jumab,  [lm.]  

Sell  Makawar,   [lm.],    (5,\ 

NW3  1.)    / 

Gixan  Fort 

Jebel   Teer,  volc^  [lin»-]»\ 

800£,$9 / 

Kotumah  In  %  3m 

I«oheyyah  Fort  

Kamaran  I.,NS3  l.,w,b,  Ssum. 
Zebayir  Is.,  ^  5  1.,  N  extr.,  1 

Quoin  rk„  lOOf. / 


Lat  N 


230  56' 
24  12 

24  39 

24  56 
26    6 

26  188 

27  12 

27  27 

27  387 

27  47-3 

28  20*9 

29  65 

28  67 

29  562 

28  137 

28  32 

27  452 

29  28 
27  552 


27  37 
27  40 
27  37 
26  34 
26  10 

25  38 

24    6 

24  16 
24    9 

24    45 
23  18 
23  40 

23  38 
22  43 
22    2 

21  283 

20  15 
20    9 

19    77 
19    o 
18  158 
17  36 
16  58 
16  53 
15  32  5 
15  41 
15  42 
15  17 
15  12 


570 


TABLE  10 


MARITT.MK    POSITION'S 


(53) 


Places 


J 


Zehayir  I.,  large  one,  [3m.], ^ 
8.  sum.  734f. / 

Hodetdah    

Has  Zebccd,  w'"  lm.  N 

Arocet  rock,  ft  

Jebel  Zukar  L,  2047f.,  %} 
lOm.,A,  High  islet,  21  Gf.  / 

—  Tongue  L,  166f.    

Harnish  Is.,  1335f.,  NS  6  I.,  \ 

Havcockl j 

—  SW  rocks,  22f. 

Mocha,  Pier  end    • 

Bab  el  Mandeb,  pk 

Perira  IM  [4jm.],  S,  It  11  \ 

*49f.  on  sum  in  it / 


) 


Ras  Arah.  S  pt  of  Arabia,  A  * 

ML  St  Antony,  27721. 

Aden,  Has  MArhut 

C.  Aden,  summit,  1776f.  

Ras  Marshigh,  It  F  244f. 

Sugra,  w',  r,  Cattle   

Howthai  w',  r,  f • 

A  bam-like  pk.,  5284f. 

Rat  Khelb,  A  sandy,  no  point 

Makalleh 

Jebel  Dhebah,  a  Uble  land  .. 
Shahah,  Sultan's  resid.,  r,  w,.. 

C.  Bogashu 

Palinurus  shl.  2jfm.  \  2m 

TfSpt 

a  Fartak,  26 1.,  1 

1  hnrbat  Ali   

Ras  el  Ahraar 

C.  Merbat,  A  rky.,  f,  wt    

Jebel  Kinkeri,  ISOOf.    

Ras  Nus,  20  1.,  S  pt,  /  

Kuria  Muria  Is.,  KW  45m.,  1 

Wone,Haski,#  1  Jm.,  pk./ 

—  Soda,  *fe  3m.,  pk.,  1310f.,  w 

—  Helanea,   KW    7m.,  N£  [ 

bluff,  I645f.,  w# / 

—  Kibliyah,  EW  2m.,  pk.,  \ 

550f.,wo,  FE.  W3m..../ 
Ras Sherbedat,  J.,w4m.,\V... 

C.  Isolette,  tjk.  16  1.,  pt.   

Mazeira  I ,  J*   13  L,  600f.,  I 
Spt / 

—  N  pt.,  or  R«is  Jet  ...~ 

RasJibsh    

Ras  el  Khubbeh 

Ras  al  Hed,  Sandy  Pt,  / 


Ras  Abu  Daud  

Maskat,  r,  w,  f,  Fisher's  rk.  $ 

—  Soddlehill,  13401 

Jeziret  Juu,  I07f.  

Clive  Shoal,  if.  

Jebel  Rostag,  a  bluff  of  the\ 

Jebel  Akhthar    / 

Birkeh 

Suwik,  furl  and  town 

Sohar,  town  and  fort 


Lnt  N 


Lon.  E 


I5°2' 

14  47 
14  7 
14  22 

14    52 

*3  534 
13  47*2] 

13  38  2 
«3  19 
12  41 

12  39 


12  35 
12  43 
12  47  2 

12  46   I 

"2  45   I 

13  21  5 

13  2$ 

14  4 
14     2 

14  3* 

14  41 

14  437 
14  49 

14  53 

15  39 

16  38 
16  55 

16  58 
"7    3 

17  14 
17  272 
17  29  6j 
17  32  7 

17  29-2 

'7  53   I 

18  5*5j 

20  76' 

2Q  43*5 

21  275 
2a  144 
2a  33 


S3  19  2 
23  377 
23  35' 

22  50-5 
2251 

23  142 

23  42  7 

23  5i  5 

24  215 


42°IOr2 

42  56 

43  45 
42  417 

42  45*2 

42  42*2 

42  47 

42  35  5 

43  140 
43  27 
43  26 


43  56 

44  10 

44  5«*5 

45  07 
45    3 

45  40 

46  45 

47  32 

48  40 

49  7 
49  26 

49  35 

50  4 

50  39 

52  16 

53  3 

53  52 

54  42 

55  I 
55  '8 

55  357 

55  5«? 

56  2? 

56  19 

56  20 

57  460 

58  33 

58  52 

59  21  5 
59  49 
59  48 


58  555 
58  360 

58  35 
57  585 
57  572 

56  16 

57  54*  ? 
57  26 
5646 


(54) 


Places 


Schenaa,  town    .— ~ 

Dibbab,  town 

Sham  Piak,6750f.    

O.  Mnssendom  Peak,  87 5f. 
Great  Quoin,  540f.    


LatN 


Lon.E 


240  45'     5$°29' 
25  38      56  17 

25  587!  56  14*5 

26  219   56  31 

26  30      56  3« 


Ras  Sheikh  Masnd 

Sham,  fort,  r,  w',  P  

Has  el  Kheymeh,  r 

Shargah,  w,  tt 

Abuthabt  fort 

Sir  Beni  Yas,  N  pt 

Rug  Zi.kkum  shl  [:)]    

RasLuffan 

Sir  Abu  Neyr,  NS  2>.,  N  ^ ! 

pt  240f.  

Zirkuh  I.,  540f..Spt   

Girneyn  L,  19of.    

Das  I.,  [Ijm],  Spt,  145f.  ... 

Arzench,  200f.    

Dalmeh,  244f. 

Deyni,  9f.    

Shiraao  I.,  40f.   

Halul,180f. 

RasRekken    

Shah  Allum  shl.  [2j]    

Bahrain  I.,  Manaiuab,  town,r,w 

Muhsrug  I.,  N  pt 

Rennieshl.  [2j] 

AlKran,  5£    

Herguz,  3f. 

Araby,  3f.,  sandy   

Fared,  1  Of,  sandy  

RasalGhar    

Ras  Mushab,  A 

Garu  I 

Kubbri 

Ras  al  Ann    

Kuwait,  N  end  town,  S 

Feylecheh  I.,  %  7m 

Basrah  Custom  Hou  e  

Ri«s  Tanub,  / 

RasatTamb  


Khargu  I.,  NS  4m  ,  A  w,  N  r-t 
Kharg  L,^  5in.,w',  fortNK®| 
Abu-ShaLr,  ffl,  w,  r.   Resi- 1  I 

dency  ©J 

Asses'  Fare,  5m.  inland.  2o0«f. 
Hummocks  of  Dreng,  S  one,  | 

3270f. J 

Ras  Mutuf,  S  pt    

Kouguin ........ 

Barn  Hill,  4660f.  

Ras  Nabend, /.    

Sheykh  Shsyl*,  I20f.,  L,  %\ 

14m.,  w,  P„  K  pt / 

Hinderabi  I.,  EW  4m  ,  A  I00f. 

Sumberrun  Shl.,  [6] 

Gays,  120f.,^8m.,At,r.) 

r.w,  P„Ept / 

Frur  I.,  465f..  NS  4m.,  N  pt 

Ras  Bo?tuneh,A  pt    

Fiur  Shl.  [Jni.],  * 

Nabyu  Frur  I,  [lm.],  120f.... 

Sen  I.,  50f.  [3m.l,  S  pt    

Bumusa  I.  [3m.  J,  360f.,  peak 


26  15-* 
26  1*4 
25  48 
25  22 
24  29 
24  2I"5 

24  48  5 

25  54 
25  15 

24  52 

24  56 

25  9 
24  46 
24  33 

24  57 

25  * 

25  40 

26  11 
26  25  5 
26  14 

26  18 

27  35 
27  43 
27  56 
27  47 
27  59 

27  33 

28  11 

28  49 

29  4 
29  20 

29  23 

29  23 

30  32 
30  8 
29  58 

29  20 
29  154 

20  59*1 
28  29 
28  4 
27  41 
27  49  5 
27  48 
27  23 

26  48 

26  41 
26  33 
26  31 

26  19 
26  30 
26  26 
26  7 
25  53 
25  53 


56  13  2 
56  5  5 
55  57 
55  24 
54  217 

52  38' 

53  46 
5i  33 

54  13  5 

53  5*2 
52  52 
5i  53 
52  34 
52  19 
52  24 
52  14 
52  26 

5i  13 
52  3* 
5o  35 
5038 
50  42 
49  50 

49  42 

50  11 
50  10 
49  "6 
48  39 
4847 
48  3« 
48  8 
48  o 

48  21 
47  51  5 

49  -6 

50  10 

50  22 

50  207 

50  50 

51  12 

51  37 

5i  45 

52  4 
52  14 

52  35 

53  24 

53  40 

53  44 

54  35 

54  30  5 
54  37 

54  325 
54  265 

54  33 

55  3 
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MARITIME  POSITIONS 


(W) 


Places 


LfttN 


i 


4 

V 


Jest.  Nairn  Tomb  (lm.]  

Jest  Tnmb  [3m.],  165f.,  w... 

Ba»iduh  Chapel 

Henjar  I.,  -J*  5m.,  S  pt. 

Kesm,  fort 

Larek  L,  JP-  5lm^  S0  |m.,\ 

Npt./     / 

Horraai  L,  EW  4m.,  fort,  N  pt 
Bander     Ablws,      Sheikh's  I  I 

hous-i  St  f    /  I 

Kuhi  Mubarck,  rk - 

C.  Jaahak,  /,  sandy  pt,  Tomb 

RisTagin,/   | 

Ras  Maidani  f,(shl  3in.) ! 

Ras  Gurdim.  1,  (S-,  SE3m.) 

lias  Mutakaddim   ' 

Chahbar,  t\  r,  w',  Telegraph 

Kas  Fasta    ' 

Gwatar,  vilL  

Kas  Jiyuni 

Guadar  Telegraph 

RasShahid 

Pa*iii  Telegraph 

Astaluh  1.,  EW  3m.,  (rk„\ 

2m.  S) / 

Onnarah,  Telegraph 

RasMalan 

Sonniiyani,  f,  w,  Jam's  ho.  ... 
Ras  Mowari,  or  G.  Monze,1 

shL,  3m. J 


26°i4'7 
26  157 
26  392 
26  36 
26  575 

26  531 

27  58 
27  10  5 
25  422 

25  3»-3 
25  33 
25  237 
25  19 
25  i6-5 
25  16  7 
25  3 
25  8-9 
25  o5 
25  7  3 
25  12 

25  159 
25  62 

25  1 1'9 
25  18 

25  253 
24  50 


nn>ujr  ocbaw. 

Islands. 

Laccadivas,  4  *»  t0 
Bassos  de  Pedro  bku,  %  22l„\ 

T.  Npt,5T j 

—  3.  NS  6m.,   T ,  S  dry  \ 

•and  (Cherbaniani)  ...  J  i 
Byramgore,cF.,  NS  13m.,  S  part 
Bctra-par,  rfc,  NS  7m.,  Id„\| 

[lm.],Nextr.,/ J 

Peremul-par,  r£,  #  7m.,  T  f\ 

Id.NE j 

Ancotta,  [3jm.],P,  f  ,mid.... 
Tinparo 


Pittie,  [2c],  sand,  * 
Ameni,  [l{m.] 


Cardamom,  and  rfs.,  NS  6m... 

Chittae,  [2m.]    

Kittan,  [3m.],  S  pt 

Eextr.,  Elicalpeni  bk.,  NS  1 

5mn  f,  mid j 

Underoo,   EW    3*m.,    rksn\ 

N-d,  I,  f ,  w,  E'end  J 

Kalpeni,  2  Is.,  J*  7m.,  f ,  S  pt 
Cabrotee,  [2£m.],  rf.  W-d, 

T        #       yf 

Scnheli  Par,  IdirN,[2c!]7.!; 
—  Sextr.  of  jj,  T 


Minikoy,  J*  6*10.,  f ,  F,\ 
It  R  I50f.  / 


13  37 
12  16 
11  48 
"  35 

11  9 

10  51 
10  55 

10  45 
n  6 

11  13 
11  40 
11  29 

11  13 

1047 

io  3 

10  31 

9  56 
81$ 


Loo.  E 


55°  4 
55  18  7 
55  16? 

55  52 

56  17 

56  217 
56  27$ 

56  17 

57  28 

57  45  7 

58  55 

59  65 

60  7*2 
60  27*7 

60  372 

61  25*2 
61  302 

61  422 

62  19*2 

62  58  7 
6328* 

63  49 

64  3^*5 

65  122 

66  35 

66  39*5 


72  32 

71  52 

7i  50 

72  11 

72  o 

72  10 
72  18 
72  32 
72  41 
72  44 
72  42 

72  58 

73  56 

73  42 
73  35 
72  36 

72  15 

72  9 

73  ■ 


(56) 


Places 


Maldives. 

Mal'lira  Is„   19   Atollw, 
groops,/,  TJI,  *.P' 

N  extr.,  Heawandoo  Pholo 
Atoll,  *fc  4  1.,  ffl,  w',  N 
pt,  Toracoon  I 

Ileawandoo  I„  [lm.],  f ,  on 
SWside,w,    

Tilla,  and  Mills,  doo  Atolls, \ 
Eextr. j 

—  N  Id.,  Keelah,  [2m.],  *  ... 

—  S  extr 

Malcolm  Atoll,  J*  5  1.,  rf."| 

Mah-koondoo   I.,    [lm.],  [> 

w'atNEextr J 

Powell's  Is.,  2,  *fe  2m.,  N  one 
Paddipholo  Atoll,   %   7  L,) 

Ept / 

Cardira  L,  /■  Um.,  f ,  w*  ... 
Horsborgh  A  toft,  ^  10m.,  1 

entr.  S,  t '»  B  extr.  Id.,  w/ 

A  lagoon  rf.,  EW  6m.,  N  pt... 
Male  Atoll,  NS  33m..  E  extr. 

—  King's  I.,  fl  st,  N  side 

Sooth  Malt   AiolU  /7l.,l 

Sextr... / 

To-doo  I.,  [lm.],  w' 

Ari  Atoll,  NS  16  L,  t'  N,\ 

1.  atS  pt.  w' / 

Pha-lee-doo  Atoll,  EW  10  l.,\ 

E  extr. / 

Moloqoe  Atoll,  J*  8  1.,  S  extr. 

—  Do.  Id.,  on  N  side  eutr.  \ 
ffl.w,b,f  / 

NiUandoo  Atolls,  2,  |,  NSl 
13 1.,  Id.  at  S  entr.,  f ,  w',  K 
on  W  side  entr.  ffl J 

Collomandoo  Atoll,  E  W 10  L,  \ 
Karn-doo-doo  I.,  w\  ffl...  J 

Adoo  Matte  Atoll,  ^  9  l.,\ 
NandEpt  Id / 

—  S  extr.,  Id.,  (entr.  ffl,  -f  S 
3m.,  80)  J 

Suadiva  Atoll,  NS  15  L,  W  \ 
side,  entr.  to  ffl,  w J 

Phoowa  Moloko  L,  w',  N  pt 

S  extr.,  Addoo  AtoU,  EW  3 1. 1 

w,  b,  f,  Gong  L,  ffl,  E  pt  J 


Almlrante  s\  SeyoheUes. 

Wextr.,IBoodeose,8inall,^  9 
Marie  Looue  I.,  small,  £ , ) 

(rf.off,i)    / 

S  extr.,  I.  De  Neo£  small,  ♦ 

L  Etoile,  [lim.],  /,  ♦  

Poivre  Is^  two,  [lm.],rfs..\ 

NEpt If 

Isle  de  Roches,  (bks.  4  1.),^ 

North  beach    j 

St  Joseph  Is.,  E  pt O 

D'Arros  1^  NE  pt 


Lat 


North 


7°  6' 
6  575 


Lon.  E 


72^53' 


72  54 


5  5i 

73  27 

6  59 
5  39 

73  '2 
73  15 

6  245 

72  40 

5  59 
5  25 

4  58 
4  54 

72  54 

73  38 
73  26 
72  58 

4  465 
4  27 
4  10 

73  23 
73  42 
73  29 

3  48 

4  26 

73  25 
72  58 

3  30 

72  50 

3  27 

73  44 

2  455 

73  23 

2  57 

73  33 

2  40 

72  54 

2  20 

72  55 

2  7 

73  35 

1  465 

73  22 

0  28 

South 
0  165 

72  $6 

73  23 

0415 


6  11 

6  10-4 

6  14  5 
5  48 

5  45*2 

5  4i 

5  27 

5  244 


73    6 


52  56 

53  9*? 

53  14 
53    9 

53  19*5 

53  4i? 

53  37 
53  i8'5 
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MARITIME  POSITIONS 


(57) 


Placet 


Eagle,  or  Remire  I.,  [Jm],  \ 
A  ♦,  rfs.  2m^  wol  NE  \n.  J 

African  Is.,  small,  /,  $'  W,\ 
w^  North  I. 


W0»     *'Vi«"      * 

I.  Platte,  dm.],  rfs.  3m. 


La  Pcrle  rC,  Centre 


I. 

CO 


Mihe  I.t  \  13  1.,  f ,  Port  ( 
Victoria,  Hodoul  jetty  ...  j 

—  It  F  37f.  on  S  reef  

Silhouette  1.,  [3m.],  A,  tt\ 

N  pt    / 

Recif  I.,  [1  i  n  .],  I50f.,  ^,mid. 
Eextr.,  Frigate  I.,  [«im.],\ 

550f,  P.  rf.  SW,  mid / 

Pralin  I.,  12  1„  t  N,  W  pt... 
*j|  CurieuseI..EW2m.,w,  f  ,mid. 
jf  J  Denis  L,  NS  3m.,  /,  ft ,  It  F  ) 

60t  / 

N  extr.,  Bird  I„  [2m.],  /,  w,1 

/■*-,  *,  mid / 

French  Shoal,  [5  cr  6m.],  \  -. 

i,mid. S 

Rouuepis,  I,  sandy,  rfs. 

Alphonse,  (,  t.SEpt  

Coetivy  I.f  I  sandy,  ^  8m.,  \ 

f,  t  NW,V',f,  Npt..../ 

Agalegas,  L   and  reefs,  *fe  1 

6  1,  f.NWpt    f , 

Sava  de  M  ilha  bk.6 fma. |*:c'i 
John  de  Nora,  or  Farquhar 
la.,  #81.,  W,  f,  Grande 

Porte  

McLeod,orMarq.  of  Huntly 

bk.,  [2UiO  

St  Pierre, [I  Jm.],  /, • , N  Wpt 
Providence  J.,  [2m.],  w,  I.  I,  1  i 

Village  /J 

Umtinto  blk.  coral  1 1  fms.    ... 

Tromelin,  [lm.],  *,  or  Sable  \ 

L,»,Npt / 

Cargadoa  Ctirajot  reefs,  J^| 
H,UB,f,8  extr., 


LatS 


Lou.  E 


>6'4 
525 

5« 

i 


372 

37 
27*0 

35  2 

174 

16    | 

48  21 

I 
42*7 

58 

24 
05 

6 


Coco  I.,  f  -    

—  Baleine  shl,  FT,  [}i 

—  Establishment   ., 
Albatross  I.,  [in..], 


m.]. 


Chag os  Archipelago. 

Speakers'  bk.,  ^8L,T,i,\ 
NEpt / 

Blenheim  f?.,  J*  6m.,  J ,  N  pt. 

Salomon  In.,  J*  5 Am.,  QQ,  Nl 
Id.,Eofentr..orI.  de  Passe/ 

—  8Wf  or  Boddam  I 


Peros  Banhos,  27  Is ,  #  6  1,1 
A  O,  I.  de  Passe,  E  side,  J 


entr.,  mid. 


staKL 


—  Diamond  L,  [1  Jm.l,  cs 

—  S  extr.,  Foquet  I.,  2,  » 
Benares  shL,  *L  I  |m.,  T » mid.  • 
Victory  bk.,  jfc  4m.,  E  pt ,  s  ... 
Great  Chagos  bk.,  +  C2  1„\ 

T,  Eextr.,  1  J 

—  Nelson's  I,  [lm],/,  »    ... 


10  215 
9  12 

10    7 

9  55 
9  19 
9  14 

9  39  5 

15  51  6| 

16  48  9 

16  407 
16  26  5 
16  150 


45 

9 

18 

215 

140 

«5 
27 
15 
33 

5 

40 


53°i9' 

53  237 
55  22 
55  17  5 


55  27'5 
55  3i 
55  167 

55  5o 

56  T2 

55  44-2 
55  47  7 
55  40 

55  "5 

54  42 
60  4 
52  45*? 

56  17 

56  32 
60  21 

51  102 

50  15 

50  43  5 
V    25 

51  18 
54  277 

59  31-5 

59  32? 
59  37  5 
59  36  5 


72  *4 

72  25 
72  127 
72    97 
71  460 

71  427 

71  46' 
7i  37 

72  13 

72  43 
72  16 


(M) 


Places 


Great  Chagos  bk.,  N  extr..  1 

—  NW  » xtr..  Eagle  ls„  # 

5m„  L  f,  N  pt 

—  W  entr  ,  Danger  L.  [l|m.] 
Egtnont,  or  Six  Is.,  %  6m.,  I 

T.SE  Id.,  f J 

Pitts    bk.,    *k    10    1*    Tt\ 
Not,  ro  ~...J 

—  West  extr.,  iu 

A  Rctf,  NS2I 

Ganges'  bk*,  ^  4m.,  Wextr ,  I 
Diego  Garcia  N  S  1 3 m .,  /.  {£ ,  \ 

f  ,f,  *,  Mid  1.,  E  entr.. .J 


South  (>t.. 


Islands  in  Southern 
Indian  Ocean. 

Mauritius,    Port    I«onia,  1 
Martello  Twr.,  Ft  George  / 

—  Round  L,  [lm.],  1049f.  ... 

—  Peter  Botte,  2600f. 

—  Grand  Port,  Fouquet  Id ,  \ 
ltF  108f. ../ 

Bourbon  I.,  **  141.  St.  Denis,  1 
2  Its.,  F,  vert.,  85f. / 

—  Pt  of  Bel  Air,  It,  F  148f. 

—  South  extreme 


Rodriguc,  E  W 1 5m.,T'g.  1 4  W) 
rfs.,  5  I.  to  SW-d.,  Point  J. 


Venus . 


J 


Keeling  In,(,l,N  Id., [1  Jm.] 

—  S  grp..  Borneo  Coral  Is.,  \ 

S.  NS8m.,  Spt J 

—  Direction  I.,  [fin.].  SW  pt 
Christmas  I.,  EW  3  1„  v«0 

12  1.,  f,  [NW,  Flying- I 
fish  core J 


LatS 


E 


5°39'     7»°  i* 
6  10-5   71  18 


bis  1 u 

ipsons  I 0 

e  Edward's  L,  2  [5l.],T 
I  [3  11.  A.  t0,Westl./ 


Enderby's  land,  pt  uncertain 

BouTet's  I O 

Thompson' 
Prince 

and 
Marion  I.,  East  cape 
Croxct's  Is.,  Hog  I.,  a,  x%\ 

^0,(arf.  SE9m.)   / 

Kergnelen*8  land,  ^  32  1..") 
Christmas  Harb.,  ffl,  b  S  I 
side,  N  pt.,  or  C.  Francois  J 

—  BlighV  Cap,  A,  f0,  230f.... 

—  C.  St  Louis  O 

—  C.  Challenger    

—  E  extr.,  C.  Sandwich 

Heard  or  McDonald  Is.,  **  1 

50m.  Meyer  rk.,  NW  exir.  / 

St  Paul's,  %  3m.,  660f.,  1 1 
E,  r,  Nlnepin  rk.  on  E  > 
ride,(w^}m.) J 

Ams'erdam  [4m.],  w,  sam.\ 
2760f.  f 


6  23 
6  40 

6  49 

7  2 
7  " 
7  22 

7  13*5 


7  26t>   72  23*2 


20    8*6 

19  505 

20  n\3 

20  23*5 


20  515 

20  53*2 

21  22*5 


19  404 


7i  13 
71  22 

71  10 

71  4 

72  36 

71  2 

72  237 


57  29  o 

57  47  5 

57  335 

57  467 


II 

So 

12 

12*6 

12 

5'4 

IO 

253 

67  30 

54  20 
53  56 

46  34 

46  52 

46 

10 

48 

40 

48  27 

49  f55 
49  43*5 
49  11 

53 

i-5 

38 

427 

37  507 

55  2/5 

55  36  5 
55  39 

63  26  2 

96  51 
96  54 
96  3T° 

105  43 

44    o 
5  24 

5  30 

37  56 
37  S3S 
50  28 


69  4 

68  485 
68  38 

70  5 
7o  335 
72  31 


77  347 
77  3i  5 
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MARITIME   J 'OS  IT  IONS 


(69) 


riaccs 


* 


MnroirsTAW 

COAST. 

Karachi,  ffl,  fort,  It  Rev.  I54f. 

Indus    R.,  mouths    always  \ 

changing,  Kukewari  mo./ 

Man  Ivte,  town 

Bate,  fort 

Pt.  Jigat  or  Dwarka*  temple... 

Conical  Hill    

Din  Hd..  pt.lt  Fl.  106f. 

—  Mand,  Watch  Tower  

Jarabad,  ffl.  It.  F  75f. 

Shalhetl.,  [fm.],rfs.  Im..mid. 

Goapnauth  Pt,  it  F  68f. 

Perm  I„  rfs.   NS   5m,  lt.^ 

Fl29f. / 

Gogo,  town,  w,  #,  It  F  55f.  ... 

Cambay,  fl.  st 

Sural  Castle   

Vatu's   tomb,  Tapli,  It  F  \ 

I30f. J 

Damaon,  r,  It.  F , 

St.  John's  Highland 

Versavah  fort 

Bassean  R 

Terrapore  Pt 

Bomb  at,  SB,  |5),  Observt,  * 

—  Lighthouse,  It  Fl.  I36f.  ... 

—  Kundari,  It  F  U8f. 

Coulaba  I 

Cbaoul,  (£,  I  

K'ljpuri  Harb.  Pt.,  It  F  179f. 

Bancoot  R„  laf.  bar   

Severndroog  I.,  /   

Angenweel  Harb.,  £B,  fort,) 

Sentr / 

ZyghurPt,  *,  ffl 

Ratnagiri  fort,  It  F  308f. ...*,. 

Geriah  Pt,  h%  fl.  st,  {£ 

Angria  bk.,NS  7  L,  T ,  K  S  pt 
Vingorla  rks.,  [5m.],  20f.,  1 

T,beac,lt  ¥  lOOf.  / 

AgoadaPt,  w'",(Goa),QQ,  r,  \ 

It  Rev.  280f.  J 

M  rmagoa,  r,  fl.  st    

St  George  Is.,  [2m.],  A,  outei 

C.  Hamas,  A,  1,  W  extr. 

Oyster  rks.,  [Jin.],  It  F  2IOf. 

Carwar  Hd 

Anjcdiva  1.,  [Jm.] ,. 

Merjee  R.,  w',  bf  bar  5,  N) 

bluff    j 

Fortified  I.,  w,  [lm.]    

pigeon  1.,  vis.  8  1.,  T    

Bar.^alorePk  ,  4452f. 

St.    Mary's    rks.,   5m.  out,  \ 

large  one J 

Premiera,  or  Molky  rks.  

Mangalore  hill.  It  F  240t    ... 

Barn  dill 

Mt  Dilly,8  or  9  L 

CJananore,  pt,  T .  W,  It  F  64f. 
Tillichvrry,  r,  V,  It  F  88f.    ... 

Sacrifice  rk.,  20f„  T 

Calicut  It  F  103f. 

C«.itwa,Ch 


Lat  N 


Lon.  E 


24°47'3 
23  57 
22  50 
22  285 
22  14 
20  57 
20  407 
20  42  7, 
20  51-6 

20  54  I 

21  123 


66°58'i 
67  25 

69  182 

69  9 
6857 
71  18 

70  51 

70  59 

71  22-0 

7i  3i 

72  6-5 


(60) 


Places 


21  35  3;  72  20 
72  165 
72  355 
7«  47 


21  40-0 

22  17-0 
21  120 

21  57 

20  24 
20  2 

9  7 
9  18 

9  52 
8  53  8 
8  537 
8  42 

8  34 
8  17 
7  57 
7  47 

7  33*4 
7  16 
6  59 

631 
6  18 

5  53 

5  29-5 

5  24* 
5  21 
5  42 
4  49 
4  47 
4  45 

4  30 
4  i8'5 
4  I 
3  5o 

3  20 

3 
2 

2 
2 
1 

1 


11 

52 

40 

2 

512 
449 
30 
152 

1033 


72  375 

72  49 
72  43 
72  46 

72  49 
72  40 
72  490 
72  480 
72  48 
72  5i 
72  54 

72  56 

73  1 
73  5 

73  14 

73  1° 
73  "6 
73  22 
7i  43 
73  27 

73  46 

73  467 
73  45 

73  547 

74  2 
74  10 
74  5 
74  21 
74  23-2 
74  18 
74  5" 
74  40 

74  38 

74  50 

75  1 
75  11 
75  217 
75  282 
75  30 

75  457 

76  1 


3 


Lat  N 


Cranganore  R.,  fort,  bar  sf. 
Cochin,w,  r,  bar  n£,(lt  F  lOOf.) 

Qniloan,  fl.  st    

Anjenga,    L,,  w„fl.  st 

Trevandrtim  Pagod a 

C.  Comorin,  pt 

—  Peak  

Minikoi  I.,  It  Rev.  I50f.  ... 

Man»n*r  Pt.,  7-  T 

Tnchindore  pagoda  

Punnecoil,  w,  r,  b 

Paumbeu  Pt,  fort  « •,... 

OITLOV. 

Calpentyn,  fort , 

Negorabo    , 

Colombo,  r,  w,  It.  Fl  135f. 

Kalitura  

Pt  de  Galle,  E,  ffl,r,w,fl.\ 

St.,  It  F  lOOf. / 

Adam's  peak,  ?000f. 

Matura,  b.  w,  fort 

Dondra  Hd.,  It.  150f.,  (,  f   , 
Great  Bassas,  rk?.,    [lm.]. 

T,«,  It  Rev.  UOf. 

Elephant  rock,  inland    , 

Little  Bassas,  rks..  It  Fl.  1 101. 

Komarie 

Baiticaloa,   (bar  if.),  b,  w,\ 

ltF47f. / 

Vendeioos    B.,  N  or  Ele-1 

phantPt J 

Chtlitivo  L,  30f. 

Foul  Pt.,  It  F.F1  I04f. 

Trincomalee,  £,  It  F  103f.,\ 

Fort  Fredetick J 

Pigeon  I.,  [£m.],rk.,*,99f.  ... 
Muletivu  House,  (shl.  4m.)  ... 

M.irk  House  

Pedro  Pt,  f  ,(shl.5m.) 


BAT  07  BUOAI. 


Pt.  Calimere.  I,  f  

Nejjapatam,  w,  r.bar,  It  F  80f. 

Five  whi'e  pagodas 

Tranquebar , 

Colero  nShl 

Porto  Novo,  w„ 

Cuddalorc,  town  and  riv.,  w,  r 

Pondicherry,  It  F  89f. 

Alemj-arva 

Maliabalipur     pagodas,    It. ) 

Fl.  U6f.  / 

Covelang    

M adr a 8,  E|,  Observatory,  t 

Ft  St  Ge  »rgc,  It  Fl.  128f... 

Pulicat,  It  F  68f. 

Armeghon,  It  Rer.  107f. 

Mootapilly  shl.,  [lm.],  J,  T ,  \ 

8m.  out  J 

Pt  Divi,lt  F48f. 

Masulipatam,  It  F  69 f. 

Nar.-apour,  pt,  /,  ♦ 

Pt  Gordewar,  It  F  83f. 

Coringa.  town    


Lon.  E 


IO°I2' 

9  58 
8  535 
8  399 
8  290 
8  40 
8  232 

*o   '5 
8  22 

8  30 

8  40 

9  17  c 


8  15 
7  12 
6563 
6  35 
6  18 


21 

245 

2 

455 


8  o 

8  7 
832 

8  35  5 

8  43  7 

9  16 

9  32  5 
9  5' 


o  18 

o  456 

0  49 

1  15 
1  27 

1  30 
1  435 

1  557 

2  15 


37 

48 
4"  1 
47 

252 

53 


5  25 


59 
91 
20 
49 
49 


76°i2' 
76  14 

76  33* 

76  45-0 
7656 

77  32'5 

77  305 

7i    f 

78  3 

78  7 

78  6 

79  14 


79  45 
79  48 
79  50  5 

79  57*5 

80  12*5 
80  29 
80  3J 

80  355 

81  29 

81  28 
81  44 
81  52 

81  4'  ? 

81  33 
81  28 
81  19 

81  15 

81  12  5 
80  49 
80  30 
80  145 


79  52 

79  50-5 
79  50 
79  50'5 
79  47 
79  43 
79  457 

79  50 

80  o 

80  11 

80  15 
80  14  7 
80  17' 
80  190 
80  12 

80  18 

81  9 
81    8-5 

81  42 

82  19 
82  12 


674 
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MAUITIME  POSITIONS 


(81) 


PImw 


1 


* 


Visagapatam,  fl.  st 

Santapilly,  It  F  I73f.    

Cliicacole    

Gopalpur,  It.  F  85f. 

Ganjam,  fl.  st 

Jii!£iirna>ut  pagodas,  large 

Bluck  Pagoda 

False  Pt.,/,  t.lr.occ.  I29f. ... 

Mypurra  I.,  [Jm.],  S  pt    

Pt  Palmiras,),  * ,  (sh.  2  or\ 

3  1.  off)  J 

Balasor  R.,  f  0,  Cliandipur,  1 

It.  F  I06f.    / 

Kedgeree,  It.  F  62f.  

Saugor    I.,  Midilleton    Pt,\ 

li.F.FI.  74f.  / 

Calcutta,  (E-  Fort  William  ... 
Diamond  Harb.,  Semaphore ... 

Luc ki  poor   

Chittagoug,  town,  jetty 

—  Hirer,  bar  i,  fl.  ft.  at  month 
KutabdiaI.,#4L,/,  f ,  It.  \ 

F  on  W  side  I26f. / 

Shoal  Patch,  [lm.]  I     

Elephant  It ,  vis.  5  1n  rks.  oft 

Table  Land.  8300f.  ? 

8t  Martin  reef,  [Jm.]    

—  I.,  NS5m,  Sptrk« 

Ovster  td.,  «,  rfs.,  It  F  75f.  ... 
Mosque  Pt,  or  Fakeer's  Pt.  ... 

Ak*ab  harb.,  CD,  fl.  st 

Great  Savage,  It  F,  Fl.  S9f.... 
Borongo  I.,  %  6  L,  hum.  8  pt. 
Keiiian  kowii  toung  pkM  IS  1. 
Terrible*,  NS  6m.,  W  lim.    ... 

Kyook  Phoo,  S,  fl.  st 

Deacon  I.,  [|m.] 

Cnedaba  I ,  **  6  L,  W  pt  vole. 

—  Town,  r,  w   

—  South  pk.,  I700f.  

Tree  I.,  [ I  m.],  250f.  w,  mid. 

Sandoway,  town 

Foul  I.,  J*  2m.,  sunt 

Vestal  shL,  i,  [Jin.]    

Rocky  Pt  

Gwa,  Mosque 

St  John's,  or  Ch.  rks.,  [Jm.] 
Calventura    rks.,    %    2  L.1 

NWgrp. / 

Milestone  rk 

Coronge  I.,  -J2-  2m.,  S  pt 

Shoal,  awash,  [Jm.]   

Round  Cape    

C.  Negrais  

Diamond  L,  [lm.], I  £,  mo. \ 

of  Pegu  R.,  (rks.  off)    .../ 

Porum  rx^  i,  t 

Aguada  rf.,  ■&  2m.,  It  R. 

Elephant  Pt,  f ,  pagoda 

Rangoon    RM  bar  J,    City,! 

Dagon  Paioda  / 

—  Eastern  Grote,  It  F  93f... 
Rir.  Settang,  E  pt  entr„  t  f 

Martaban    

Maulmain,  pagoda 

Quickine,  pagoda,  (rf.  1  jm.) . 
Amherst,  pagoda    


LatN 


I7°4i'6 

f!    5 
i8  1 7«o 

19  13 

19  22*5 
19  50 

19  52 

20  I94 
20  413 

20  41 


21    26'0    87      2 


Lon.  R 


83°  17' 
83  3* 

83  53? 

84  52 

85  3 

85  56 

86  8 
8644 

87  7-o 

87    9 


20 

20 
9 
9 
9 
9 
8 


21    50*3 

21  39 

22  33  5 

22    1 12 
22   55 
22    19  5 
22    I4I 

21  52-6 

21  48 
21  IO 
21  9 
20  38 

20  34 

20   12 
20     67 
84 
52 

49 
48 
22 
264 

0  S4'5 
SoS2 

Ist 

8  41 
8  265 
8  26 

1  3 
8    2 

7  365 
7  33  5 
7  27  o 

6  55 
6  40 
631 
6  29 
6  16 
6     15 

5  51*5 

5  495 

5  42 

6  287 

6  478 

6  y> 

28 

32 

30 

3 

47 


87  55  7 

88  2 

88  197 
88  10 

90  55 
9i  495 

91  50 

91  50 

9i  43 

92  3 
92  23 
92  12 
92  207 
92  33 
92  53  7 
92  54-o 

92  53  7 

93  2' 
93  28 
93  16 
93  325 
93  26 
93  28 
93  42  5 
93  4t 

93  55 

94  18 
94  6 
94  14 
94  34 
94  355 
94  20 

94  14 

94  18 

94  14*5 

94  12 

94  "25 

94  105 

94  1 5*5 

94  235 
94  II 
96  192 

96  85 

96  23 

97  20 
97  35 
97  37 
97  32 
97  33 


(62) 


Places 


Doable  I.,  [Jm.],  h.  F  164f. .. 
Cullagotik  L,  NS  6m.,  w  NE,  \ 

N  Mim J 

Phdoga  Pt,  Bluff  Pt 

Moscos  Is.,  N  grp.t  N  Id 

—  8outh  grp.,  S  extr.  

The  Cone,  vis.  16  1 

Reef  I.,  Tavoy  N.,lt  F  309f. 

CaPI.,[Jm.] 

Tavoy  Pu  pagoda,  1 ,  * ,  w,  b. 

Tavoy  town    

Tavoy  I.,  %  6  L,  pk.  (w.  S  ) 

part),  Port  Owen,  ffi,E-d, 

w,  b.  Clyde  Pt  J 

Mer»ni,SE  corner  of  Court  Ho 
Kabosa,  I.t  isoof.,  %  3|nt, 1 

sum J 

W.  Canister,  [2c],  A,  1   

Tenasserim  I..  NS  3|m.,  sum. 
Sir  Ch.  Metcalfe  I.,  #  3m.,  \ 

sum J 

Gre«tWestcrn  Torre*, [5ro.],  \ 

Wsum..  1413f.  J 

Rlack  rk.,  vis.  8m 

Forrest  Straits,  High  I.,  I392f. 
Twins,  NS  10m.,  S  one,  [lm.] 
Hortburgh  L,  [fin.],  vis.  7  1. 
St  Matthew's  I.,  sum.  \  is.  18  I. 

—  Hastings  Harb.,  ffl,ww0,\ 
harb.  pk j 

Pt  Victoria,  W  pt  of  PaM 
ChanR, ( 

Western  rocky  L,  &  rks.  [4  m.] 

Chance  L,  J*  5m.,  peak,  1 
vis.  12  1 / 

Middle  U  [1  Jm.],  vis.  8  or  9  I. 

Saycr  Is.,  NS4 1.,  T ,  pk.,  334f. 

Junkseilon,  or  Salang  I.,  NS  ] 
8  I,  (a  high  mt.  vis.  121.),} 
8  pt,  Lem.  Voalan   J 

—  Puket,  town,  9,  r,  w  

Pnlo  Rajah,  or  Tnya,  1064f.... 

Brother*,  2,  NS  3m.,  S  pt 

Saogald,  or  Guilder  rks.,  e/»  1 

AT / 

Telibon  I.,  03,  r,  SW  part 

Batiintr  Is.,  2,  E  or  Dome,\ 

2815f. / 

Pulo    Ladda,    [5m.],   Bass\ 

Harb.,  O-  peak,  lOOOf....  J 
Queda,town,  CE - 

Preparis  I.,  #  8m.,  T  E,  »,\ 
reef  off  E  side  S  pt / 

Great  Coco  L,  NS  6m..  f ,  1 
t,  b,  w?lt.  on  Table  I.,  \ 
F  195  f. J 

Little  Coco  I,  NS  2jra.,  f,\ 
*  spt / 

Great  Andaman,  Port  Corn-  \ 
wallis.  Brush  Id.,  ffl  / 

—  Saldle  IIil!,2400f.  N  pk. ... 
Sir  Hu^h  I.,  S  extr 

—  Poet  Blair,  Chatham  L... 

—  Ross  I,  It.  F  159f.  

Sister*,  2,  [lm.],  Eone 

Brothers,  2,  &  3m.,  N  one  ... 


LatN 


5°5«'5 
5  345 


12 
27 
47 

I 
36 
32 
3«*3 

3 


3    5 

2  262 
2  47*6 
2  42-0 
2  34 
2  17 

1  47*5 
1  23 

1     J*5 
0  28 

o  12 

9  58t> 

10    5-1 

9  58*5 

9  Si'S 

9  24 

9    4 
8  41 

7  464 


14  50*5 


14  125 


13  58 
13  17  5 


Lon.  K 


97°34'5 

97  & 

97  47 
97  45 

97  53 

98  24 
98  13 
98     6 
98  U-? 
98  11 

98  20 

9«36 

97  5i*5 

97  43 
97  507 

97  47 

97  275 

97  39 

98  185 
97  4i 

97  5*  5 

98  12 

98  n  5 

97  33 
97  52 
97  5« 

97  48 

97  4o  5 

98  182 

98  20-a 
98  22 
98  185 

98  49*5 

99  «4 
99  19 

99  44 
100  18 


93  39 


93  222 


93  13 
93    2 


13  12 

9J  0 

11  47 

93  4  7 

11  41-2 

92  43^ 

H  41 

92  45 

II  112 

92  45 

II  4 

92  39  2 
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MARITIME  POSITION8 


(63) 


Maces 


J 


Little  Andaman,  NS  7  l.,\ 
*,Sbny,(PrwNpt.).../ 

S.  Switinel,  [lm.1,  6  L,  *    .. 

FlatR<  i'.kf[30  yds.],  8f.  (on\ 
Invisible  Bk.) / 

Volcano  or  Barren  L,  U58f.... 

Narcondam,  T»  2330f. 


Kar  Nicobar  I.,SawlB.    .... 
Baiti     Malv,     or      Quoin, 

[l|m.],  ♦  ,  *k  I50f 

Obaura.  [4m.].  *.343f...., 
Teressa,  %  4  I.,  \t  897f, 

8pt 

Tilangchon*,  EW  4  1.,  J, 

Maharani  Pk.,  1058f. 
Kamorta  I.,  238 f.,  Nankauri 

Hr.,  Naval  Pt , 

Kachal  I.,  835f.  pk.    .., 

Meroe,  small,  / 

Little  Kicotur,  #  4  L,    ft, 

Mt.  Deoban,  142»f.    

Grt.  Nicobar,  2l05f.,  Kon- 

dull.,  400f. 

—  Pygmalion  Pt , 


STRAIT  OF  MAXAOOA. 

Pulo  Pera,  vis.  7  L,  #o,  T  ... 
PenangI.,NS  4  L,snm.  2713f. 

—  George  Town,  St  EL") 
fort  Cornwallis,  It  Rev.  '  e 
107f.    J 

Saddle  L,  ftm-l 

Pulo  Dinding,  *fc  5m.,  A,  ft,  "1 

w  E,  Port  Pancore,  It. F...  / 

Salangor  fort,  It  F 

Snmbelan,  or  9  Is.,  #  7m.f  1 

▼is.  7  1.,  ft,  white  rk / 

Jara  I.,  [Jm.],  T,  *    

Parcelar  hill  

Round,  or  8.  Arroa,  A,  ft,  \ 

(rks.off) f 

C.  Rachado,  1,   ft,  It.  F  44Cf. 
Malacca,  St  Paul  hill,  It.  1 

F  180f.    J 

Water  Is.,  A,  ft ,  large  or  S,  w 

Mt.Moar,A,  ft  

Mt.  Formosa,  (bk.  WSW  2  1.) 
Po.  Pisang,  ft,  It  Fl.  325f.  ... 

SINGAPORE,   [Q,  FULLERTON  \ 

Battery / 

Pt.  Romania,  (la.,  3m.  out)  ... 

Barbukit  bill,  64  5f.    

Pedra  Branca,    T,  NW,  9\ 

8,  Horsburgh,  It  11  101  f./ 
Bintang  hill,  I200f.    

—  Black  rk 


WSST    COAST 
SUMATRA. 

Po.  Rondo,  (  Tepturong),  426f.  \ 
rka.  S  d  / 


LatN 


io°33'5 
ii  2-5 
ii    8 

12  13 

13  25  8 

9  «4*2 
8  497 
827 
8  12 

8  297 

8    2 

7  $7 
7  307 
7  20 

7  13 

«45 


5  4* 

5  25 


Lon.  E 


92°28'5 

92  125 

93  302 

93  50 

94  16 

92  457 

92  51 

93  22 
93  " 

93  37 

93  32 

93  23 
93  317 

93  407 

93  42 
93  49'5 


98  56  7 
100  14 


S  245  100  20'2 

5  13  '100  10 
4  13  3  100  34  2 

3  20  IOI  12 
IOO  30 
IOO     9 


4    2 

4    o 
2  52 


101  25 


2  49  100  35 

2  24  101  51 

2  12  102  15 

2    4  102  19 

1  59  '102  40 

1  49  1102  C4 

1  27  103  15 

1  172  103  512 

1  22  1 104  16 

1  24  104  11 

1  20 


1    5 


104  24*6 
104  26 


1  145  104  34 


•    3  $ 


95    77 


(«4) 


Places 


co 


Pulo  Wai   ^3  1.,  vis.  12  I.,  \ 

TS,Spt r 

Buru  I.,  or  Malora  It  F  C2f. 
Po.  Nancy,  (bay  3,  w,  b,  *  ,\  \ 

Np' / 

Pulo  Bras*-,  A.  N,  It.  Rev.  525f. 
Golden   or   Queen *s  Moun-^ 

taiu,  8280f. / 

Achen  Hd.,  or  King's  Pt.,  A,  1 

Rajah  Passage    

Rigas  Buy   

Bubti  Bay 

Anslabu,  w,  r,  b     

CP«lixv(  T 

Susu,  Po.  Kio    

Goonung  Loo  e,  12,1401*.  

Tampat  Tuan  Pt 

Tcumon  Road 

Sinkcl.pt   9 

Cocoa  I*.,  2,  A  ft    O 

Pulo  Simalla,  **  17 1.,  N  pt  O 

—  South  pt    O 

Flat  Is.,  2,  (Mnall),  S  pt  ...O 
Banjak  Is.,  Middle  Is.,  Po  \ 

Sorong  Alu J 

PulwLakotta,/,  ft 

Pulo  Babi   O 

Pulo  Nias,  %  22  L,  W  pt,  1  n 

Tanjong  Lctang /  u 

—  South   pt.,   St  r,   w,  I  n 
Telok  Dalam J  u 

Nako  K,  Asu 

Tapanuli  B.,  1.,  ffl,  Siboga   ... 

PuloDua 

Tahtgong  Road  

Natal  B.,  M,  Natal    0 

Ayer  Bangies,  Po.  Packa...G 
Po.  Pinie,  Batu  BelobaDg,  \  ^ 

#31 J° 

Mt  Ophir,  9472  f. C 

Tanah  Massa  I.,  N  pt O 

Po.  Bojo,  It  F1.361f. O 

Siberoet,  N  pt  Sigeb    

—  West  I ; O 

Sipora  I.,  Hurlock  Bay 

—  S  pt.,  C.  Marlborough  ...O 
N.  Pagi  I.,  N  pt   

—  SW  pt ,  or  Pt  Batu O 

S.  Pagi  I.,  S  pt.  Sibaru  I 

Trieste      L,      Po.      Mega,\ 

l»i<U  *  J 

En«ano   1,^7  L,  P„  XV  \ 
pt,  Komang  J 

—  South  pt,  Kenemvi 

Priamau,  fl.  st   

Padang  I ,  It.  Rev.  )80f.   ...  9 

Pulo  Baringin    

Indrapura  Pt,  /,  ft    

Moko  Moko   

Bcnculcn,  It.  F  

—  Po.  Tikus,  It.  F  44f 

Mana  Pt 9 

Kawur  or  Sam  bat 9 

Pulo  Pisang,  [l^m.^  It 


tat 


North 
5°46'5 
5  407 
5  40 
5  45 
5  22 


31-5 
507 

38*3 
12 
82 
44 
433 
44 
15 
46 
16-8 


3  o 
2  57 
2  19 

2  3 

1  58 

1  5i  5 
1  41 

1  24 


o  33 


4  o 
521 

5  3i 

o  38 

o  57 


Lon.  E. 

95°2l' 

95  247 

95  10 

95  4'2 

95  45 

95  13'* 
95  24 

95  34'2 

96  1 
96  7 

9636 

96  457 

97  7? 
97  10 
97  37 
97  44  7 
95  18' 

95  47 

96  22 

96  35 

97  21 

97  59 

97  27  ? 

97  1 
97  50 


0  54 

97  11 

1  444 

98  45  7 

1  285 

98  9 

0  51 

98  55  5 

0  S3  S 

99  6 

0  8 

99  16  5 

0  9 

98  30 

0  5 

99  58 

0  2 

98  22 

South 

0  39 

98  32 

o55 

98  55 

1  55 

99  12 

2  2 

99  33 

2  24 

99  49 

2  32 

100  0 

2  49 

99  57 

3  20 

100  25 

101  I 

102  5 

02  95 

100  6 

100  7 


1  555100  39 

2  10 

2  34 

3  47 

3  5o 

4  31 

4  50 

5  7 


100  50 

101  8 

102  16 
102  11 

102  54  5 

103  24 
jio3  495 


676 


TABLE   10 


MARITIME   POSITIONS 


(66) 


Placet 


Kroe  Road,  w,  r O 

B  'ngkunat  II ,  rky.  S  pt 

Little  Fortune  L,  [lm.]f  t\ 
*     / 

STtAIT  OF  SVVSA 

Flit  Pt,  It.  Fl.  213f. O 

Lubuan  I ,  *fe  7m.,  W  end    ... 

Kcy*er'sPk.,74l2f.  

Kaltunbayang  Harb.,  B,w,r,  \ 

Klapa  I J 

Pulo  Lagondi,   Q,  mid.  N  \ 

«ide j 

Telok  Betung,  It.  F  4«f.  

Rajnh  Ba  sa,  w,  r,  pk.,  423Af. 

Hog  Pt  

Java  Head 

Mew   B.,  w'"f  8E  of  Mew  1 

I-.P / 

Prince's   I ,  #  4  L,  N  and  \ 

Ept.f  1450f.   / 

Kraktttoa,  \  k.,  2657t 

Sea  rks.,  Gap  rk 

Sebooko,  #  3m.,  1398f.,Npt 
Thwart  the  Way,  orSangian  | 

I„  %  2im.,  A  (rks.  2m. 

NW>,pk.  505f.  I 

Ai.j«-r,  f  ,w,  r.,  (It  SW-d),  fl.  at 

8t  Nicolas  Pt 

North  Id.,  small,  vis.  71 

Thousand     Is.,     Northern-  1 

most  Dua  I J 

—  Peblakan,  or  W.  Id 

Arnemuiden  rk.,  [im.1,  10f.,w 
North  Watcher,  small,  t,l 

(Omrga  shl.,  E'  b  S'  Jm.,  [ 

«  T),lt  Rl59f._ J 

Two  Brother*,  * ,  (0,  N  one... 

Lynnshr.,  [lc],  d,  T  

Broti wers  *nls ,  2  rfs.,  [|in.]... 
Shalibunder  shl.,  E  lim 


STftAXT  OF  SXratBA  TO 

BzmojL9onm. 


Tree  I.,  N  pt     

Lucipara  I.,  [Im.].   £,  w',1 

(rf.  SSE,  2in.)   / 

First  Point,  /,  level,  f 

Banca,  8  extr.,  Dapur  I.  120f 

—  Purmesang  hill,  I608f. 

—  Nangka  Is.,  3,  great  one,  \ 

tv,  b,  N  pt.  285f. / 

—  Mooopin  Hill,  H56f.    

—  Kalian  Pt,  It.  F  I70f. 

—  Frederic  Hendric  rks. 

—  North  or  Mengkudu  Pt..  islet 

—  Goonnng,  or  Mt  Marass, 

Esura.,  2300f.    

—  E  extr.,  Berikat  Pt.,  660f..'.. 

—  Entrance  Pt.,  (SE  extr.  of 

Lcpa),  Murong  


Fairlie  rk.f  [4c.],  if,  T  ... 
Sand  I.,  [I  f.],  0  all  roand 


Lat.  S 


5°ir 

5  35 
5  57 


5  55 
5  47  5 
526 

5  46  2 

5  5o 

528 
5  475 

5  55 
647 

6  45 
6  31 

6  9 

5  59 
5  515 

5  58 


32 
525 
42 

245 

28c 

13 


5  I*  5 


95 
12 

47 
7 


3  46 
3 

3 
3 


Loo.  E 


13 

o 

8 
35 
23 

1 

si 

293 

52 

34 

2 


3  27 
3  30 


103056' 
104  14 

104  24 


"<H  33*5 
104  47 

104  40 

105  22 

105  17-2 

105  157 

">5  39 

">5  43 

105  11 

105  15 

'°5  "5 

105  27 

105  23 

105  32 

rc-5  49  7 

<°5  55 

106  2 

105  50 

106  28 

to6  23 
106  442 

ic6  27 

106  6 
06  12 
106  16 
105  59 


105  54 

106  13 

106  3 
106  31 
105  56 

105  45*5 
105  11 
105  8 

104  58 

105  53  5 

105  52 

106  51 

106  54 

107  1 
107  10 


(W) 


Place* 


Shoal-wator  I-  It  F  200f. 

VanaitUrt  thls^  NS  3  l.,\ 

Spt J 

Saddle  I„  KUunhao,  266f. 

Table  I.,  Goesik,  U6f. 

Pulo  Leat,  +  6m.,  Alcestel 

(wrecked  there),  It.  F  39t  / 

Long  I„  EW  10m.,  W  pt 

Billiton,  Po.  Selio,  to  SW  1 

[4m.],  S  pt.  242f.  / 

—  S  point,  Kalumpang,  (shl.  1 

lm.  out) / 

—  Shoals   on    E   side    E.  1 

Protet / 

—  Buriing  Mandi  Pt 

—  North-west  I.,  Longwa?,*! 

It.  I  200f.    J 

Carnbee  shl..  rks   

Canning's  rk..  [Jr.],  1.  T.»... 

Gaspar  I.,  [lim.],  8l*f.  

Tree  I ,  [lm  J,  40f.,  Sor3f 

Warren  Hastings  rf. 

Rhidererk,  \0l 

S  Hard  rf.,  I,  * 

Magdalen  slil.,  [lc],  1,  T,crl. 

Newland  shl^  i,  a,  J  A  

Palmer  ahl O 

Severn  shl.,  [3m.],  wf. O 

Deva  rfa. 

Vega  shL,  [JcJ,  tf.,  T  •  ...O 

Shoe  I.,  Kchatu,  346f   

Discovery,  We*t  bk.,  [lm.].  Id 

—  Eastbk.,  [£m.],  Id.,  2*... 
Osterley  shls.,  [6  I.],  N  otic... 

Cirencester  bk..  fim.]  

MontaranIs,EWl2l.,  NR1 

extr.  or  Catherina  rf. / 

W.  grp.,  Nanaka  T.,pk.  549f... 
Ontario  rjl,  [Jm.],  T,*(*l 

coral  rf.  W  3m.,  s)    J 

Serutu.  EW  2  L,  I575f.,  w,l 

Wond f 

Carimata,  [3j  1.],  w,  b, )  k.  1 

S378f. J 

Penebangan,  -Jf-  2  1.,  A,  w*f  \ 

pk.  1722f.  j 

Greig  Shoals,  N.  Greig 

Greig  shls.,  Gwalia  

Pulo  Toty  

Pulo  Docan 

Po.  Tudju,  «r  Seven  Is.,  \  \ 

*m.,  *.  NWone   / 

Pulo  Vanlla,  (Is.  [3m.]),450l. 

Pulo  Taya,  [3m.],  630£ 

Po.  Sink*  p,  S  pt  C.  Bulu 

Alang  Kalem,  [2m],  T 

Linga  I.,  *jr  sum.  392 If.    

East  Domino,  [lm.] 

Pollox  rk.,l  

Terobi.  I12f.  

Frederick  rk.,  [3c.],  5,  /5/50  ... 

Pulo    Panjang,    EW    4m.,  1 

390f.,Ept / 


Lat 


South 

3°19'2 
3  10 


Lon.E 


I07°I3/? 
107    6 


3    2    1 107  11 
2  59*8' 107  17 


2  49 

2  52 

3  15*5 
3  i6v 

3    3 

»453 

2  32  3 

3  342 
2  23 
2  25 
2  28 

22 
12 
12 

2 
52 
58 
37  6 
I0  2 

75 

477 
39 
35 
177 


107     1-2 
107  21 
107  32 

107  59  5 

108  31 
108  167 
107  3« 

107  41 

107  15  5 
107    5 
106  59 

106  56  5 

107  25 

106  46 

107  05 

107  1  5 
106  24 
106  315 
106  462 
106  37  5 

108  4 

108  45  5 

109  ii 
108  382 

16  2  108  59-2 


307 
30 

595 


I  43 
I  36 


108  55-2 

108  33 

108  395 

108  41-2 

108  545 


1  24     109  15 

o  525  108  32*5 
"    5  7;«o8  34  5 


0  54  5 

058   j 

1  8 

048 
o  436 
o  38 
o  24 

O   II 

o  6 
North 
o  125 

0  424 
0385 

1  I 


105  46 
105  39 
105  14 

104  24 
104  54  3 
104  22 
104  57 
104  32-5 
104  58 

104  445 

104  47 

105  iof 

104  sn 


TABLE   10 
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MARITIME  POSITIONS 


(67) 


Placet 


*} 


Batacarang  PL 

JabongPt 

CBaroe 


Rhio  8tr.,  Gmrras  I.,  W  aide 
entr.,  It  F  1211 

—  Palo  3au,  It.  F  108f. 

Gt.  Carimon,  S  pk.,  14741  , 

Little  Caraon,  ^  San.,  £, 
TNE.N  pk.,  10621 

Bucaliase  I.,  I  NE  pt    

Polo  Roopat,  N  pt,  T 

Reccan  R.,  Lalang  Besar  I. ... 

N.  and  S.  Brothers,  J2-  5m„"l 
f,  N  one   J 

Bittoo  Barra  R. 

Pulo  Vareliah,  8  L,  *,  b,  P, 

Delhi  R. 

Prauhilah  Pt,  (rl  3m.) 

Diamond  Pt../,  f 

Pedir  Pt.,  or  Batoo  Pedir  ... 

Pt  Pedro    


Lat.      Loo.  E 


PnloTragy,  f  .ww^  sum  .20461 
Pido  Aor.  ^  2£m..  18051    ... 

Pulo  Peroanjril.  15071  

PuloTioman  NSl0m„3444l,\ 

Npt,  r^b,  w,P,  \ 

St.  Barlie,  [3m.].  a,  w,  7521... 

Direction  I.,  ram.  6391 

Polo  Dattoo,  A,  SE  pi.  

Gren  Id.,  centre   

St.  Esprit  Ia.,^  41,8171... 

Wellstead  rk.,  s     

Ellen  sol.,  rks„  [$c],  if.  

Sr.  Julian,  summit  537f.    

Tarabelan   I«,    ^   6  L,  f,l 

Great  summit  1300f / 

—  Gaprk   

Europe  ahl.,  R,  [lm.].  s   

Camel  L,  summit  574f. 

Saddle  L,  summit  3071    

Barren  In  summit  80f.  

Victory _L,aummit  2851,  8  L  f 
Acaata  rE,  51,  T   


Wkitark.,  A  HOf. M 

Repoa,  6951   

Pulo  Domar,  vjot ,  ♦  0,  T  .. 

Djimoja,  +  5  L,  S  pt 

Tokong  Belauer,  Pillar  rk. 
Pulo  Selei,  4801     


St  Pierre  Is.,  2 , 

8.  Haycock  I 

Sirhii«san  Id.,  Koi  Ud.,  7651 

Kepalou  , 

Wert  I.,  8651,  N  end    , 

Soubi  I.,  N  end,  2001    

Jackson  rfs.,Kextr 

Low  I.,  [I  1.1,  N  cud 

N.  Haycock  I.,  K  rf.,  S-d 

Elpbinstone  rk.,  [lm.],  701  ... 
8  extr.,  Sededap  L,  k 


3  *4 

3  13 

3  47 
3  46 


53 
16 
29-5 
39 


2  18 
2  28 
2  36 

2  55 
8-i 
M'3 


o 

o 

o 

o 

o 

o 

o  41-2 

o  55*7 


i<>405i' 
104  23 

103  485 

104  21 

104  10 
103  19 

103  22 

102  23 
101  39 
100  34 

98  46 

99  34 
99  30 
98  41 
97  52 
97  3o 
95  55*2 
95  272 


104  85 
104  31 
104  19 

104  10 

107  135 

108  2 
108  36*2 
107  19 
107  1 


(68) 


Placet 


8-2 
44  7 
37'5 

324107  53 
107  31? 
106  43  5 
l  10107  322 

125107  345 
n*3lo7  «5'5 
117  ><*  53 
193 107  22 
317.106  255 
347,106  185 
39  106  19 


18 

21*6 

44*5 
48 
27 
12 


517 
17 
33 
395 


">5  35 

105  53 
105  23 

105  43 

106  16 
106  30 


108  39 
108  54 

108  59  5 

109  10 


2  435  108  35 


108  51 
107  56 
107  48 
107  34 
107  51 
10S  a 


Great  Natuna,  NS  40m.,  N  pt. 
—Ml  Rauay,  on  E  side,  18901 

Miculle  rf.  

Selouan  L,  f  1  1.],  S  sum. .. 
Ix>w  pyramidal  rks.,  251  .. 
Success  breakers,  [2m.]   .. 

Semione,  or  Saddle  f 

N.  Natutas,  f ,  N  islet*..... 


Lat.N 


,  rf.  2m... 


Blair  Harbour,  O  •■ 
Pulo  Vaieia,  rku,  * 

Howard  ahL,  I   , 

PuloBrab,  10  L,  rks.,  N  51. 

PuloOapas 

Tringano  R.,  w,  r,  bar 

Great  Radang  L,  pk.    ... ...... 

Pulo  Laatinga    

Printiau  Is.,  outer  one  

Pulo  Losin,  smill,  71   

Kalantan  R.,  bar,  w' 

E.  PataiiiPt  

Koh  Krah,  grp.,  large  one    ... 

GarnomPt 

S.mni  I,  [2  1.?], 20001  sum. 
How   Lmng,  Mt,  7  m.  in-\ 

land,  43261     / 

Koh    Tarkut    (Po.    On?)1 

(peaks,  18151,  ^  5m.)  .../ 

Bangkok  It,  It  F  441 

Bangkok,  Brit  Factory 

Siani,  now  Ayuthia,  mid. 

Koh-si-chang    L,  NS   4nu9"| 

▼\Npt / 

Koh  Leum  I.,  [Jm.],  4451   ... 

C.  Li.mt 

Chalan  I.,  [la],  401,  T ,*9  ... 

CawsbufTMt 

Junk  Rock  Pt. 

KuKrovie  rk.  

Samit  Pt 

Bumba  town  

Teekxia  R,  mouth 

Camliodia  Pt. 

Pa  Way,  2  Is.,  ^  lm.,  2501. . 
Pu'o  Panjang  Is.,  EW  3m.,  \ 

5501,  w,  1p,  f.,  great  one...  J 
Pulo  Oby,  #  2}m.,  w,  10461... 


Sai-on,  City   

C.  St.  James,  8  3ra.,  It  F  4821 

Briito  shL,  [ljm.],i,  T 

Pt  Kega,  *0,  (Alt  Taicon,  \ 

h+)   / 

Ceicer  de  Terra,  J,  #  0, 1 3m. 
C.  Padaran,  k  1,  T,lt  Fl. ... 
False  C.  Varela,  (Camranh  1 

Harb..ffi;,A  / 

Pyramid  I.,  h •» 

Nhatrang  B.,  ffl,  w,  fc,  riv.,  \ 

bar,  7l,  Tree  I,  pk.  16401  J 
Three  Kings,  rks.,  T »  Hone-1 

Cohe  kiarb^  B,  w,  151  ... / 
C.  Varela,  or  Pagoda  C,  A,\ 

T.pt ; / 

Peiforatetl  rk.,  rks 

Conical  Mountn.,  18701   

Phuyen  Harb.,  ffl,  Nest  I.   ... 


4°i6' 

4     I 

4 
8 

3 
23 
31 
51 


Lou.  E 


38 
19 
«7 
49 
13 
21 

46 
50 

55 
21 
12 
58 


825 
8  56 
4  33 

11  38 

12  12 

13  29 

13  44*6 

14  22 
13   » 

12  575 
12  35 
12  28 
12  31 
12    8 

"     7 
10  52 

»o35 
10    6 

8  35 

9  55 

9  18 
825 

10  467 
10  198 
10  29 

10  42 

11  14 
11  23 

11  44 

12  17 
12  13 

12  34 

"*  55 

12  58 

13  11 
13  23 

p  p 


io8Gu' 
108  19 

108  2$ 
I07  49 
I07  21 

•07  53 

107  42 

108  2 

103  47 
103  38 
103  38 
103  39 
103  14 
103  6 
103  1 
102  52 
102  44 
102  o 
102  19 
101  17 
100  44 

99  49 
too  1 

99  33 

99  59 

00  35 
00  282 
co  36 

0047 

00  38 
00  57 
00  57 
03  4 
02  47 

02  45 

03  7 

04  10 

04  54 
04  42 

02  52 

03  27 
0448 

06  42 

07  5 

07  49  5 

08  o 

08  48 

09  1 

09  13 
09  20 
09  16 

[09  37 

[09  26 

rc9  25  5 

109  10 

'c9  15  , 


BTS 


TABLE   tO 


maritime  positions 


i»> 


Places 


<3 


1 

e 

I 


Lat.  N    Loo.  E 


Conmon;:  Harb..B,Gainha  lid. 

PnloCamhir,  ^Snu,fL  

Qutnhone  HartK,  GD,  C  Snn-  \ 
bo,  A,  1  ~ / 

Charlotte  Bk ..  [3in.],  *•  T  ... 
Brothers,  ;}*  3m.,  E  one.  A,  f ... 
Polo  Cornier*  Is^[3l.],  B,\ 
V  I954CU.  F«96f....  / 

Royal  Bishop,  *V32«.,TI 

lit.  Cat  wick,  Mnnn.it  5tf. 

Gmt  Catwick,  ♦„  ^.I9€f ... 

YasiuisbL,!  

Polo  Sapfttu,  #0.  ^,  34«f.  ... 

Holland  bk.,  £,  T  •  centre     ... 

Pido  Oirer  de  Mer.  #  ^"t»\ 

r.,  highest  peak  340f.. / 

Vanguard  shl, EaadW7M 

Grainger  shL,  I 

Prince  of  Wales  b*u,i,  8  nit 

Prince  Consort  bk„  w,  |^ 

/8Wend 
\NE„ 

Amboyna  Cay,  centre    

Owen  shL,  [2m.],  crL,  I    

Spratly  or  Storm  I.,8£ 

I*dd  rf.  

London  iff.,  W  reef— cay...® 

—  central  if*  <L © 

—  East  rf*  Eextr. -...© 

—  Cnarteron  rf ,  <L © 

Fiery  Cross  rf,  ,*  1 5m,  I.  ~| 

or    NW    Investigator,  }  © 
SW  bank,  beacon  J 


Rifleman  bk„  nf« 


Locoola  breakers,  Sootb  

—  shls.,  Seahorse  breakers  ... 

—  Friendship  shl.,  [3  l.],\ 

*.  N  pt.    ... f 

Lonisa  shl.,  [3m.]  is.,  T  mid. 
Royal     Charlotte     shl.,   "I  _ 

[!*«.].  *• f° 

Swallow  shl,  [4sa.],  rl*.  »tl 

Ept    f 

8onth  Viper  shl.?  O 

North  Viper  shl  • O 

Ardaeier  shl.,  3 

—  Gloucester  shL O 

8WSh«a o 

Investigator,  f?n  EW  5l.,S  - 

Wpt.  /° 

Cay  Marino  1 o 

a  CornwalHs  shL  t O 

Pearson  shl.,  rks.,  NS  2m.    O 

Ganges    O 

Sin  Conn  t o 

Discovery,  Great  rf.,  NS  \  _ 

7m.,d.,Nend j |  ® 

—  Small  rf.,d © 

Western  or  Flora  Temple...  © 
Tizard  Bank,  Itu  Aba  I.    ...© 

—  Nam  Yit  L    © 

—  Eldad  rf.    

—  Gaven  rt  


«3°3i' 
13  37 

«3  45 

7  73 
*  37 

8  40 

9  40 

9  59*5; 
10  291 
10  16   I 

9  5*4! 
■039 

10  3* 


28 
47«j 
3 
46   t 

5*  I 
315 

S7l 
Si  8 


i-s 

838  I 

8  40*3 
8  5«  9 

!55 

8  495 

«5« 

9  35 


7  23 


30 
o 

37 

50 

o 

8    5 


30 
52 
56 
25 
42 

75 

.;! 

225 
12 

23 : 

«3 


oo°i6' 
09  19 

09  16 


07  37 
06    9 

06  41 


14 

4 


55 

2? 
6 

43 
56 


09  43 
o  29*5 
30 
55 
6 

32 
45 
555 

o 

55'2 

39 

155 

21 

3*2 

SO 


o 

09 
o 

I 
I 

2 
2 
I 
I 

2 
2 
2 
2 


2  54  5 


2  42 

2  33 

2  31 

3  18 
3  35 

3  50 

o 

25 
10 

14 
50 


5 

5 

4 
4 

4 

4  35 


20 
12 

44 
10 
22 

53 

2 

375 

215 

22 

42 

'J 


(TO) 


Places 


Pennsylvania M O 

—  Anotbvrdo.  O 

Half  Moon  shl,    *fe    3m^l 

Spt    / 

Royal  Captain  shL,  jE*.     

NE  Investigator O 

Pennsylvania O 

Bombay  shL,  if,  Wpt,  T 

Sabina  shl O 

Pennsylvania,  shls.,  L4  L],  >  Q 

■id. ./  ^ 

Pmasylrania O 

Ganges    O 

Loai-ta  I.  and  rfiu,  8.  L,  f 

—  Cay.  Wend  © 

Sonbie  rf.,  <L,  centre © , 

Thitu  I.  and  rfr^  W  end  ...© 

Tridtnt  shl.,  N  end,  <L  Q; 

North  Danger,  a  1 1  >  islands,  1 

10  to  l&f. J  I 

Brown,  t O 

Broan,  shl O 

Brown,  shl„  [3  L],  I,    a\n 

flat,  mid M...j° 

North  Pennsylvania  O 

Cama  ic sht,'    O 

Auckland,  I,  T O 

Fairy  Queen,  I    O 

Seahorse  or  Routh  hk.,  -J2-  \ 

«m.,  4|     ( 

Templar  bk^NS  4m, ii    ...O 

CtdHn  Cklm  e—Hmmtd/rom  (St). 


Lat.N 

9*59' 
9    5 

853 

9  I 
9  12 

9  32 
9  26 
9  42 

9  49 

10  0 
10  18 

Lon.E 


10  40*51 
to  44 

10  55 

11  2 
II  31 
II  28 
IO  30 

10  35 
1043 

10  52 
10  6 
10  20 
10  34 

10  50 

11  7 


Buffalo  L,  or  rlL,  T,  98f. ... 

Turtle  I.,  small,  /  

Tamqoain  R.,  bar 

C.  Batangan  

Pulo  Canton,  vis.  9 1.,  rf.  SK, 
Qui-Quik,  S,  w,  C.  Bantam 
Col'ao  Cham,  False,  Honong,* 
Collao  Chain  L,  *fc  3m.,  A,\ 

t'W,  summit  1230f. / 

C.  Turon M 

Turon  Bay,  ffl.  w,  r,  Turon  I 

C.  Choumay,  West  a    

R.  Hue  Fo,  bari,  fort,  W\ 

entr J 

Tiger  1.,  [lm.],  130f. -.... 

8.  Watcher,  27*f.  ....M...^.... 


Hon  Tsen,  Goat  1^  475f. 

Hon  Mat,  Eastern  L,  144f.    ... 
Vioh,  fort  at    entr.    Kganl 

KaR. J 

Lacht  Kuen  Harbour 

Hon  Me  I 

Thunh-hoa  town    

SongKa  River,  Ninh  Lacht  \ 

Custom  Ha    ..- J 

—  FortBal^cht  

Nightingale  I. » Batchlong  u. 

Hon  Dan,  It  F  U8f. 

Norway  Is^  S  rk 

Laitao  I.,  8  pt.    

Kua  Doi  or  Bamonn 


9 

22 

355 

16 

23 

Si 

57  i 

7 
5 

20 


4 
4 
4 
5 
5 
5 
5 

5 
6 
6 
6 

6  33 

7  9 

7  55 

8  6 
8  49 

8  47 

9  45 
9  205 
948 

85 
20  19 
20    7 
20  40 
20  37 

20435 
20  585 


20 


'11' 
»7 

15  5 

39 
30 
28 

5f 
3« 


6  47 

5  12 
5  5 
4255 
4  21 
4  7 
4  it  5 
4  39*5 


21 

39 

58 

20 

55 

26 
20 
39 
47 
21 


09  16 
09  10 
09    2 

05  54 
09    6 

08  47 

09  39 
08  30 

08  19 
08  12 
07  54 
07  38 

07  19 

06  39 

06  26 

05  58 

05  43 
05  41 
05  575 

05  45 

06  14 

106  27 

07  41 

106  47 
ro7    8 

107  25 
07  30-5 


TABLE   10 


B79 


MARITIME  POSITIONS 


<»■> 


Placet 


t! 


Gaatau  Is.,  E  cape     ~«~.... 

Loshushan  I.,  804 f.   

C   Paklong     

Ix>iiff  Moun  R.,  Onloi  Ft... 
Pakhoi  K#aiitau  Ft,  374f. 
Guie  Chaw  I.,  pk.  279f.     ... 
Lui  Chew,  C.  Cami   


Hainan  L,  /■  53  L.  Hong  pi  1 
Kok     J 

Double  bill  pt.,  Pmgmar  

Chippa  B.,  Hiongpo  Ion 

Blatf  Pt,  I20f.  

South-west )  t,  Inkohai    

Button  L.  256f. 

Great  Cape,  1740T.     

Yu-lin-kati  B.,  ffl,  entr.  tol 
inner  harb. J 

C.  Bastion,  863f.    

Iiong-soy  Ft 

Tien  fung  rk\,  rks.,  |  W,  T   ... 

Titihosa  Is.,  NS2£m.,  1609f.,\ 
TE,N8um.,(w) / 

Fslse  Tinhosa,  150f. 

High  Mountain,  8  pks.,  2040f. 

Mt  Toncon,  1229f.  

Mofou  Pt   ..- 

NB  pt,  or  Hainan  Head  ... 

Hoihau,  W  fort  

Taya  Is.,  648f„  |  W,  N  one 

Triton  L,  *fe  4ra ,  N  part  2tif 
Bombay  shl.,  -Jf-  4  Lt  3**\ 

T.mid / 

Discovery  if. ,  Jp-  5 1.,  T »  B  extr. 
Crescent  Chain,  6  Is.,  t  EW,\ 

OtMerration  Bk. / 

North  shl.,  #  2  1.,  T,  E  pt  ... 

E  extr.,  Dido 

Lincoln  I.,  [1  m.j,  rfs.  1  m.,"! 

4  ♦.  w / 

Amphitrite  R,  2  grps.,  %  \ 

3l„|,  TreeL    J 

Macclesfield  shl.,  coral,  EW"| 
23  1.,  1  to  n,  supposed  I 
growing,  W  extr.  J 

Scarborough sh).,8rk.l0f.    ... 

St  Esprit  shl.,  7 

Helen  shl,  i* 

Pratas  shl..  [7  1.].  is.,  I,  \ 
Id.  at  Wpart,40f. J 


moxrrm  avb 

BAIT    COAST. 

Hainan  B..  conical  mound,  80f. 

Black  rks 

Nhu  Chati  I.,  274f...... 

Hai-lttig-shan   1.,    #  4    L,l 

Mamechan  I ,..../ 

Mandarin's  Cap,  wh..  ♦  0, 200f. 
Pnsssge  I.,  E  entr ,  Namoa,  ffi 
Wixard  rks.,  outer  grp.,  80f.... 
Tylon  L,  *,  vh.,  patch  E,  T ,  \ 

8pt / 

Grand  Ladrone,  [2m.J,  i ,  9  1. 


Lat.  N 


Lon.  E 


21°  2' 
2f  14 
21  29-5 

21  36 
21  27 
21  I 
20  13 

20  O 

19  55 
19  43 
19  21 

18  $2 
18  20 
18  18 

18  13 

18  9 
18  22*5 
18  26 

18  42 

18  505 

19  2 

19  40 

20  I 
20  10 
20  32 
19  588 

15  47 

16  3 
16  14 

16  36 

17  3 
16  49 

16  40 
16  58 


15  41 

15  5 
'9  33 

19  12 

20  42 


io7°5n' 

107  55  5 

108  11 

108  43  5 

109  2 
109  65 
109  55 

109  49 

109  17 
109  12 
108  41 
108  41 

108  57*5 

109  12 

109  33 
109  36 
no  3 
no  8 

no  282 

"o  34 
no  23 
in  1 
no  55 
no  41 
no  19*5 
in  16 

in  14 

112  32 
in  54 

111  44 

in  36 

112  54 

112  44 
112  17 


"3  43 

117  49 
113  2 

]»3  54 
116  42-5 


20  14  5 

20  29  5 
20  54 

no  165 
no  325 
no  36 

21  34 

in  47 

21  28 

112  22 

21  35 
21  47 

"2  34 
"3   I 

21  52 

113  15 

21   57 

"3  43 

(72) 


Placet 


GQ 


Haipong  L,  J*  3m,,  S  part,l 

Asses'  Ears / 

Oreat  Lema,  -Jf-  6m.,  w,  E  pt 
Laiitao  pk.,  30501 
Macao,  Guia  fort,  It  Her.  aa*f. 
Canton,  English  factory  .., 
Homo  Kong,  ^  9m,  Vic 

toria,  N  side,  Cath.  |H  ....  / 

C.  Collinson.  It.  F  200f. 

Mirs  Bay,  St  rk.  mid.  cnir.... 

A  high  summit  281  Of. 

Single  L,  [3c].  T 

Mendoza  L,  [lm.],  T ,  480f. ... 
Fokai  Ft,    sum.    N    lm^l 

670  f.  J 

Pedro  Blanco, A, T.« 

Whale  rk.,  small,  T  

Che  lang  piali  Pt.T  

Si-kiik.,  80f.,T 

Cup  chi  Pt.,2l0f.,  rks.  S  2m.... 
Breaker  Pt,  4  rky.,  It  Occ.\ 

152f. J 

Tonglae  fort  

C.  of  Good  Hope,  It  Int.  17  If 

Swatau  It.  F,  Fl.  2<>0f.  

Namoa  L,£W  12n,  1934&... 

Lamock  Is.,  #  8nt,  Boat  rk. 

Table  Hill,  1767f. 

Chelsieu  rks.,  [Im.]f  SOf. 

Brothers,  2,  *k  2mM  S  one    ... 
Tonsang   Harb.,    EB,  eutr.,1 

pagoda •••.../ 

South-east  I.,  [lm.] 
S    Merope  shl,  -J* 


.N 


2i°54r 


_    5m.,  i,\ 

S  pt.,  T   / 

Chapel  I.,  1,  It.  F,  FL  227f.... 

Chauchat  tks.,  /,  E  extr.  

Alios ,  St  Kulangseu  Semph. 

Qnemoy  I.,  #  10m.,  8  pt 

Dodd  I.,  [IcJ,  It  Occ.  147f.... 

West  Peak,  a  Mk.,  17!4f. 

Hoo-e-tow  Pt,  80f.    

Chimmo,  (South  X  Paguda  I. 
Mt  Keu-Fau,  pagoda,  760fc  ... 
Chung-chi  Pt.,  400f.,(rkt>.  off) 
Chin  chu,  S3,  Passage  I.   ... 

Pyramid  Pt,  (rks.  off) 

Meichow  I.,  J*  5m.,  S  pt ... 
—  Sorrel  rk.,  [Jm.],  60f.  ... 
Ocksen  Is^  2iu.,U.  Rev.  2861. 

Ping-hai 

Ixmtzee  rk.,  [lm.],  (rks.  off) 
Lam-yit  I.,  *t  8m.,  peak  ... 
Yit  Is.,  #-,  E  extr..  Beef  t 
Chimney  I.,  EW  2m.,  N  pt 

South  reef,  f(m.]    

Turnabout  L,  [f  nt],  It  F  257f. 
Hue  tan    1.,    JsS  17m.,  pk.1 

on  NE  side,  1420f. / 

Kwing  L,   [2m.],  (offNE) 

part  of  Hae-tan),  E  pt ...  / 
White  Dogs,  grp„  ^  4m.,  \ 

Middle  Dog,  It  F,F1. 257£  / 

Sea  Doff  rk.,  small,  T  B  

River  Min.,  Temple  Pt 

Tioghae 


Lsn.E 


II40  & 


22     5      II4   19 

22  16    JI13   58 

22  11-4113   38 

23  69H3    15-0 

22    169U4     95 

22  I57.'ii4  15 
22   275  II4   255 


22   31 

22   24 
22   31 

22  34 

22  18  5 
22  305 
22  39 
22  42 
22  48 

22  56 

22  595 

23  "4  5 
23  199 
23  26 


I  "4  32 
«'4  40 
II4  50 

"4  54 

"5  7 

15  o 

•5  34 
"5  4* 

16  45 

16  28 


1 1-4 

39 
29 
325 

44 

47 

6 

103 

21 

268 

24 

26*1 

40 

3* 

38 

43 

46 

5o 

52 

1 

2 

588 
11 

7 
12 

18 
23 
23 
26 


25  36 


36 

58 

18 


16  315 
16  485 

16  455 

17  45 


117  14 
117  9 
117  15 

117  42 

»7  33 
"7  43 

118  6 

118  135 
18  9 
118  40 
118  19 
18  292 
118  20 
»8  33 
118  40 
118  38 
118  46 

118  49 

<«  57? 

119  6 
119  9 
119  26 
119  16 
119  22 
«'9  33 
'<9  45 
119  43 
119  50 

«9  57 
119  49 

»9  55 


"9  59 
■ '9  377 
119  48 


SM 


TABLE  10 


MARITIME  POSITIONS 


(7») 


Placet 


Mateon  I*  J1 3nL,  8  pt 

Cbang-chi  1.,  J*  3$m.,  I330f. 

Lame  rk. 

Alligator  rk.,  tmall,  40f.   

Tung-yin*  It.,  *fc  3m.,  T  H91 

mm.  8o3l J 

Doable  P»ak  I.,  J*  8}m*\ 

w,  pk.  H90f.  J 

Pih-teang  It ,  [5m.],  N  Id.  ... 
A  dangeroet  x£.  $$0 

O  W-d.  >um.  I7u0f.  ( 

Tae  It*  [9  L],  E  one,  turn.  1 

vl  of...  «..«•••••••••••.  •••••••••  J 

Seven  Start,  rka,  [2m,]    

Cleft  rk.  

Nam-quen.  D<  Bate  I. 

Pih-quan  Pk*  6m.  inland 

Cattellated  rk 

Nam-ki  I*  grp*  J*  7m*  w,\ 

740f*  t J 

Pinki-than  It*  EW  4m.,Coia  1. 

Quoin  

Wan-eha-fa,  city    

Pe-than  I«.,  [2m.],  E  one 

8.  Foreland,  L,[fm.]    

Chik-hok  I  ,  Rm.J.  l,760f... 

N.  Foreland  f,  [Jm.]    

Taicbow  la.,  *,  9ui*  S  pt,\ 
or  Finger* / 

—  8bang-ta,  grt  one,  wwf  \ 

N  pt    f 

—  North  Id*  [and  rfr*  Jm.]... 

8quare  L 

Tung-chub,  or  Bella  Viata,\ 

J*  2m.,  torn.  700f. f 

Hai-mnn,  8  of  entr.  of  B.  \ 

Taicbow,  citadel J 

Fall  Lt  [lm.] 

Hinban  la*  +  ftu*  f,  S  or\ 

Saddle  I*320f.,  w. J 

Eight  feet  rk.,  (N  of  do.) 

Triple  I.,  [2c.  7]    

C.  Conway 

Montague  I*  /■  4m*  740f*l 

EP*.    J 

Sbeipoo  

Kwee»ban  It.,  [6m.],   grt^ 

one,  turn  400f.    j 

—  Patabeoock  I*  [3e/J,  L 

—  E  extreme 

Chutan  It*  8  extr.,  Tinker  rk. 

—  Taouhwa  I.,  ^  7m*  sum.  \ 

1680f.  / 

—  Chookea  L,  NS  6lm.,pk.\ 

11«0C / 

—  Oatermoat    Tong*ting.( 
[2c],  161(1 / 

Cone  1.,  tmall    

Cbutan  L,  ^  7  L,  Ting-bee, ) 

citadel ., / 

Chin  Hae    

Ning  Po,  ragoda    

Friendly  Bluff,  Talung  L,  $80f. 
Fisherman's     ft,    EW,    E\ 

extr.,  Brothers,  J J 


Let  N    Lon.  E       (74) 


26°  c/ 
26  14 
26  16 
26    9 

26  23 

26  36 

26  42 
26  522 

26  56 

26  59 

27  4 
27    6 
27    92 
27  185 
27  20 

27  265 

27  37*4 

27  50 

28  1 
28  5  5 
28  16 
28  214 
28  33 
28  23 

28  30 

28  32 

28  35 

28  42*: 

28  40 
28  50 
28  51 

28  56 

28  59 
-9  3 

29  10 

29  13 
29  26 
29  22 
29  27 
29  36 
2948 

29  54 

29  51-5 

30  4 

30  I 

29  57 
29  si  7 

&  to 


i9°56' 
20  o 
20  12 
20  245 

20  297 

20  97 
20  20  5 
20  33? 
20  21 


20  42 

2049 
2047 
20  24-2 

20  27 
2057 

21  25 

21  112 
21  13 

20  36 

21  JO 
21  42 
21  42 

21  37 
2i  53 

21  52 
21  54 
21  47 
21  54 

21  26 

21  50 

22  13 

22  17 

21  53 

21  55 

22  4 

21  55 

22  II 

22  135 
22  15 
22  9 

22  l6 
22  24 

22  35 

22  27 
22   6 

21  435 
21  33  5 

21  34 

22  56 


Placet 


Ul  N '  l-oe,  K 


Fi*herman'i  Ia*Monte  Video,  *| 

*2m.,  T,W6f.,  w0 

Steep  I*  lt  Ft  243f. 

Lokon  It..  31 8f.,  [lm.],  T    ... 

Beehive  rk*  T,  46f. 

TVi-*»n  L,  EW  8m*  Peu- 1 

nellPt / 

Childers  rk.,  T  

Barren  la*  [lm.],  rky*   T,\ 

lAOf. J 

Saddle  Grp*   *fc    13m.,  E\ 

Sad.,  Spt,  T,6»2f.      J 

—  N.  8*ddle,  EW  2m.,  T,  \ 

N  pt,  It.  Rev.  273f.   ...  / 

Ragged  It.,  EW  10m.,  SW\ 

Horn,  50f.  / 

Oatilaff  I.,  [Jm.],  lt.  F  270f. 
Yaag-tse  Kiang.  beac  35fc   ... 

Ariadne  rka*  flc  1    

Ambertt  rka.,  TlcJ,  26t  ..... 

Wntang,  fort.  It.  F  60f. 

Shanghai,  Beit.  Compla-ite 
Nankin,  eitj,  porcelain  to*.... 

Hankow,  Bouncer  I.,  lt  F 

Sha-nei-ahan,rk*lt  Fx*9f.... 
Ttnng  Ming   I*  ^   10    1,\ 

Kpt    J 

Athl.pt,  NNE6L 

A  *M*  t  5m.,  i 

It.  in   G.  of  Whang-bo,  \  ^ 

onur    j*u 

Wbang.hu,  or  Yellow  R.  ...O 

Hae-ebow,  city  Ol 

Tower  Pt    

Kyaa-cbau  Harb.,  NK  hill    ... 

Katih-neaott  I 

Snnrevort  I * 

Urb  Taou,  or  SUunton  I 

Shan  Tang  prom.,  lt  F  220C... 

Alcette  I*  tmall,  fits,  off 

Wei-bai-wei    Harb*   O,  K\ 

pt*  entr.,  Leiteiinjt  L J 

Che-tow C,  O  SEd. 

Chang-than  I,  S  extr*  *fe  \ 

7m.,  Spt    / 

Mianten  lt*Ta-Hi  Shan.W  pt. 
Howki  L,  It  Fl.  328f. 


N  extr*  Siao-kin-Tao,   [lm.] 
Hwaog-chingtao  L,  EW  2m. 


Cbimatan  Promontory  

Laichan  Bank „ 

Sharp  Pk.,  2436f.  

Pei-no  R.,  8  Takn  fort 

Sha-lui-tien  I*  lt  F  50f.   

Great  Wail,  Eextr.  Ninghai... 

Halntan  Prum.  

Keuchwang 

Hnlu  than  B.,  N  pt 

Iron  I..  7*0f.  

Liao-ti  than  Promontory 

Cap  rk.,  400f. 

Taken  Whan  Bay,  entr.  San*  1 

shan-tow  Is.,  S  extr / 

Knconnter  Rk.,  Uf.  


309  8' 

30  12 
30  26 
30  22 

3025 

30  37 

30  45 

3042 
30  51*5 

30  36 

30485 

30  5« 
3i    9 

31  11 
3i  23 
3i  147 

32  2 

30  33 
3i  25 

31  28 

31  44 

32  o 

33  o 

34  2 
34  35 
36  21 
36  3 
36  11 
36  16 

36  457 

37  24 

37  27 
37  32 
37  36 
37  55 

37  58 

38  4 
38  21 
3*  23 


I22,46'7 

22  36 
22  56 
22  41 

22  16 

22  505 

23  «5 
22  49 
22  40 

21  57? 

22  10 

21  5* 

22  147 
22  22 
21  30 

21  29-0 
1849 
1430 

22  14 

21  51 

21  57 

22  o 

20  40 

20  10 
19  30 

19  33 

20  14 

20  57 

21  24 

22  162 
22  425 

22  40-5 
22  10 
21  26-2 

2045 
20  36 
20  39 
20  51 
20  55 

20  13 

19  44 

20  o 

17  43 

18  32 

19  49 

21  2 

22  14 
21  14 
21  o 
21  11 
21  35 

21  51 

21  3> 
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MARITIME  POSITIONS 


(75) 


Places 


Round  I.,  small,  200f.   

Rock,  like  a  junk,  Shi-siau  .. 
Hai  yun-tau  I.,  8  pk.  I370f... 


BAsrr  of 


Pescadores  Is.,  Jonk  I.,  260f... 

—  East  I,  Nend    

—  High  I„  Wit    

Yin  Pun  I.,  N  pt 

—  Pachaa  I.,  [lira.],  N  pt.  \ 

158f.    / 

—  Talile  L,  W  pt  180f.    

—  Pongbo,  L,  Makung  ffl,  | 

Obs.  I J 

—  W  pt.,  Fisher's  h 

—  North  rk 

Round  I „ 

Nine-feet  r?.   


Lat.  N 


38*40' 
39    3 


Lon.fi 


1220 1  a' 

122  45 

123  10 


Formosa,  S  cape.  It.  F  180f. 
Lambay  I.,  [2  jm.  1,  summit 
Ape  Hill,  1 1 lof.,  Ta-kau  ... 
Fort  Zealandia,  It.  F  6uf. ... 

Port  Kok-si-kon    

Wauckan  Bank,  a 

Table  Hill,  360f.    

Tanvsui  barb.,  ffl.  White  Fort 
Sura.  Eastward,  280011 
Syau-ki  Pt 


23  12*6 119  257 

23  I5'9 
23  192 

23   24'2 

23  234 
23  287 
23  32 

23  33 
23  47 
23  327 
23  28 


119  40 
119  19-5 
119  195 

119  292 

119  302 

"9  335 

119  28 

"9  35? 
119  427 

119  45 


(76) 


Places 


21  55     120 

22  20'5  120 
22  2^  1 120 


Pinnacle  L,  [Jm.],  |  8 

Crag  L,  [Imj    

Agincourt  I.,  [Im.1  

Kclung  barb.,  ffl,  Ruin  rk. 

Kelung  I„  [Jm.]f  580f. 

East  extreme  of  Formosa ... 
Sau-o  Bay,  Obs.,  W  side  ... 

Mt  Momson,  12,850f.  

Blackrock  B.,  outer  rk 

Saniasana  I.,  [1m.],  rky.  ... 


Kami  I..  I-nnh-Kwoh,  ■£■  €n. 

Hummock  I.,  [|iu.],  mid. 

Sandy  I.,  EW  3m.,  W  pt 

Koo-kien-san  I.,  ■#■    I5m,l 
(w'SW^Wlim / 

—  Nextr.  

Patchusan  I.,  #  6  L,  N  pt  ... 

—  Port  Hadd.ngton,  ffl,  W  \ 
pt.  entr.  J 

Typinson  J.,  %  16m.,  *,  E  pt 
-LoffN  extr.,  Ee-ki-mah... 

—  I.off8Wpan,Koo-re-mali 


Hoapin-su  L,   118 If.,  NE"\ 

side J 

Ti-a-usa  I.,EW4m.,  *,mid.... 
Raleigh  rk.,  970f,  


Koomisang  I.,  1108f.,  EW\ 
8m.,  (rk.  S  2m.),  NW  pt  J 

Tusima  L,  60t  

Tunashee  I.,  sum.  603f. 

Agunyeh  pk.,  300f.    


23  0 

I20 

23  6 

I20 

23  3i 

119 

24  540120 

25  10*4121 

25  12  |I2I 

25  184 

121 

25  26 
25  29 
25  38 

25    8-6 
25  12 
25    2 

24  355 
23  29    120 
23    6-5'i2i 

22  394  121 


121 
122 
122 
121 
121 
122 
121 


24  25 
24  13 
24     4 

24  18 
24  26 
24  37 

24  250 

24  43 
24  55 
24  42 


«S  47 

25  57 

25  5$ 

26  22 

26  355 
26  21 
26  347 


507 
22  * 
16 
10 

4'5 
59 
575 
250 

30 
3' 

575 
67 
8 

455 
48 
o 

495 
5»-5 
25 
272 


122  59 

123  36 
123  49 

123  43 

"23  47 

124  19 

124  5? 

125  29 
125  14 
125  13 


123  «9 
123  40 
i*4  34 

12644 

126  51 

127  10 
127  14 


Kerama  Is.,  W  one,  High^ 

I~9l0f.   J 

Great     Lin-kiu,    Okinawa,  S 
#191.,  Nafekiang,Ab-  \ 

bey  Pt    J 

-  C.  Yakimn  Pt.,  (if.  *(-8m.) 

—  E  extr.,  C.  Sidmouth,  I.  off 

—  N  extr  ,  C.  Hope,  Heto   .. 

—  Kin,  Herbert  I.,  %  2$m.,~) 

entr.,  Port  Oontiiig  or  J 
MeMUe,  ffl,  sum.  354f.  J 

—  Sugarloaf,  8  1.,  575f. 

Montgomery  Is.,  J*  51.,  t„\ 

N  pt    / 

Yori-sima,  413f. 


Yerabu-sima,  pk.  687f. 

Kakirouma    I.,    2207fn    C 

Ohotabu 

Sulphur  I.,  Iwo-simas,  54l£... 

—  C  Sauafnna  , 

loro  hima,  C.  Kataki , 

Aroami  00  Sima,  Yiomi    ... 

—  Iono  Misaki  , 

Kikai  gu  sima,  pk.  864f.   ... 

Sandon  rks.,  30f.    

Yoko  sima,  17001 


Lat  N 


260 10' 

26  13 

26  4 
26  47 
26  51 

26  42 

2643 

27  5 

27    2 


Lon.  E 


I27°i5' 

127  41 

127  41 

128  21 
122  17 

128    2 

127  49  5 

128  2-5 
28  265 


JAF. 

Tsus-sima,  NS  7  L,The  Sound 

„  South  I.,  Ko-Saki  Pt. 
Colnetr  I.,  or  Kotso  Sima,  800t. 
Iki  I.,  NS  3  1.,  islet  off  N  end 
Goto  Is.,  Ukn  sima,  pk.  842f. 

—  Hira  sima,  pk.  663f. 

—  #  21  1..  SW  ext   Ose  ( 
Saki.lt  R  / 

Tama-no-Ura,  ffl,  S  pt  entr. 
Tori    Sima,     Pallas     rks.,  \ 

Srk.,  60f.   j 

Me  Sima  grp.,  Uri   Sima,\ 

(Asses*  Ears),  607f.  J 

Hirado  or  Spex  St,  Taske  It. 

Nangasarj,  Minagb  Vt 

Sagatsu  no  lira,  Karoe-ura  1 

B.,  ffl,  entr. j 

Taka-sima  or  Symplegades,  \ 

210f.    / 

Tsukarase   or    Retribution  \ 

rks.,  96f. J 

Kami  no  Koshiki,  pk.  I402f. 

Shimo  no  Koshiki,  S  pt    

Kusaknki  Sima  High  L,  530f. 

Hasima  Saki  

Noma  no  liana  

Okaimon  Daki  Pk.,  3020C   ... 

Kogosima,  It.  F  45f.  

C.    Tschitschagoff,    Satano\ 

Misaki,  It  F  200f. J 

C.  Hisaki    

0  shima.  It  FJ.  287f. 

To  Saki,290f. 

Akatmidsu  Hd 

E  extr.,  Kiusiu,  Sura  Saki   ... 


27  215  128  35 
27  38    128  555 


27  52 

27  525 

28  00 
28  17 
28  31 
28  17-5 
28  44*5 
28  48 


19 

55 
15 

52 
165 

1 

37 
4" 
"4'5 

i*5 


128  14 

128  53 

129  9 
129  19 
129  42 
129  59 
129  47 
129  a 


33  235 
32  44*4 
32  18 

31  27 

31  185 

3i  50 
31  37 

30  51 
3'  45 
3"  25 

31  " 
31  35*5 

30  59 

3i  i6*5 

31  31 

31  47 

32  29 

32  557 


129  13 

129  12 

130  6 
129  40 
129  65 
129  14  5 

128  36 

128  375 

128  65 

128  235 

129  335 

129  51 2 

130  1 
129  43  5 

129  44 

129  54 
129  41 

129  26 

130  ii*5 
130  7 
130  32 
130  337 

130  39*5 

131  75 
131  25 
131  295 

131  46 

132  6 
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MARITIME  POSITIONS. 


(17) 


Placet 


* 


3 
1 

i 


CO 


,N 


Knro-sfma,    or  8ta.  Clara,! 

2028f.  fain J 

Iwoga-sima,  Volcano  L,  2331  f. 
Take-sima,  Apollo*  I„  742f. 
Nagarube  or  Julian  l.],2297f 
Yakiino-siina,  *fe  5  ;.,  C.  Yatake 
Tanega  sima,  NS6  1.,  *,  N  pt 
Disaster  I.,  Fira  Sima,  81  Jf. . 
Pinnacle  I.,  No*  a  Sima,3400f 

Kuts'no-aima,  2230f. 

Snwa-sima,  act.  volcano,  2706f. 
Tokara  Sima,  Pennell,  860f.... 

Sikok  U  W.  pt,  or  C.  Miaaki 

—  8  extr.,  or  Isa-saki,  1500T. 

—  C.  Muruto-saki 

—  Karaoda-saki,  Sima , 

I«umi  Tomangai.  It.  P  

Hiogo,  (Kobe),  Kawa-saki  ... 

Akashi  Palace    

Naruto  passage,  Nagase    

Seto-Uchi,  Sakaide    

—  Imahari  Palace 

—  Matsuyama .. 


Lon.  £ 


Nipon,  S  pt,  Siwo  Misaki  I., ) 
ItFl63f.    J 

C.  8ima  

Omai-saki.lt  Rer.  173£  

Fusi-Yama,  12,4SOf.  

Iroo-Saki.  It.  F  185f.    

Vrics  I„  [2250f.  roL],  Hafu .. 

Istmigi  Saki,  ltFI 

Ybdo  G.,  Yokohama,  Naval  \ 
Store   j 

C.  King,  No-Sima  It  F  I33f. 

Inuboye-aaki,  It.  Iter.  168f. ... 

Toyoma 

Kinkuwasan  1.,  1470£,  It.  Fl 

To4o  S.iki  

Siriya  Saki,  It  F  150f. 


Kosu-siroa,  roleano  2000f. 

Redfield  rka*  20f.,  Southern... 

Mikura  I.,  [1  I.],  mid.  

Broughton  rka^  60f.  (Kau- 1 

nam  ha)   / 

FaU'iio,  2$40f.,  S  end  

Aoga-uma,  lOOOf. , 

Bayonnaise  Id.,  26£ 

Smith  1.,  421f.   


Nipon,  N  pt.,  Omasaka-sima. 

Tatsupi-saki,  362f. 

Bittern  rks.,  18f. 

Hatatnura   

Tabu  sima,  E  extr.,  150f. .... 
Awa-sima,  NE  extr.,  680f.  . 
8ado  1 ,  *%  13  L,  N  pt  Waaaki 

—  South  pt 

Yutwtna,  [2m.],  *,40f. 

Aitrolabe  rk.,  Nana  sima,  200f. 
Rokko  saki,  C.  Noto,  It  F  lftSf. 

Olnuna  Harfc,  It  F. 

Oki  Is.,  #  20I5f.,  N  pt  ... 
Mlno.Simm  lH  [I  L],  49»f. 


3o  475 
30  49 
30  27 
30  27 
30  50 
29  41 

29  518 

30  o 
*9  3» 
29  7  5 

I 
33  205 

32  442 

33  14 

33  5o-5 

34  17  j 
34  40  5 
34  39*5 
34  14 
34  19 
34  4 
33  5» 

33  26 

34  17 

34  365 

35  207 
34  36 

34  40 

35  **5 
35  264 

34  54 

35  39 
3658 

38  17 

39  33 
41  26 

34  12 
33  56*8 
33  5* 

33  39 

33  2 
32  29 

3'  55 

31  26 

41  34 
4«  163 

40  3«  I 
40  2 
39  u-9 
38  39* 
38  19*9 
37  50 
37  49  ; 
37  35 
37  3"  ! 

35  3o 

36  21 

34  47 


129*56' 

30  18 
30  26 
30  13 
3o  30 
3«  4 
29  33 
29  52 
29  56 

29  44 
29  14 

3*  1 

33  '7 

34  "  5 

34  49*5 

35  1 
35  11  2 
34  595 

34  39  5 
33  5i 
33  o 

32  45*  5 

35  46 

36  54 
3f  13  5 

38  44? 

33  50 

39  27 
39  40 

39  392 

39  53 

40  56 

41  15 

41  36 

42  5 

41  29 

39  9 

38  49? 

39  34 

39  177 

39  5o 
39  43 

39  54 

40  i 

40  55 
40  21 

39  31 
39  46 
39  34'2 
39  16 
38  Ji 
38  13 
3»  55 

36  54 

37  18 
35  4i 
33  18 
3i    6 


(78) 


Places 


H 


Tan  no  Sima,  It.  FL  142f. 

Siraoooacki  Strait,  Shiratttl 

It.  F*44f. 1 

—  Iaaki,  It  F  122f.   


Yeio  I.,  #  95  L,  S  extr,\ 
or  C.  Sirakami.  lt.R  120f.  f 

Ko-aiitia  I.,  lOOOf. , 

O.  Sima  L,  pin  ],  2359f. 

Hakodate,  Kamida  Creek  ...© 

C.  Yesan,  2063f. 

Volcano  R,  P.  Endermo  Hr 

C.  Yer  mo,  (rks.off),  3500^,  It 

AkishiB.    

E.  extr„  C.  Novshap,  It  F 

Skotan  L,pk.  1400f. 

Knnaihir  L,  #  21  L,  C.\ 
Moimoto J 

0.  Sirotoko 

N  extr.,  C  S«.ya,  Sonat,  It.  \ 
FL  I32f. j 

Refunsiri  I.,  C.  Karununai 

Taruri  Is ,  Choresiri,  577f.    ... 

Oterrani,  It  F  162f.  

C.  Novosilxoo,  It  FL  248f.   ... 

C.  Sutsuki  

Okuairi  I.,  Gomiga  saki 


TA1T. 
Low  Barren  la.,  [1  L].  8  one 

Pillar  rk„  135f. 

Sir  Ja*.  HallV  arp.,Chong  do. 
Seoul  It,  ent  Kttroila  L  ... 
Clifford  Is„  W.  I.,  412f.  ... 
Korean  Archipelago,  Gue- 
rin  l.,582f. 

—  Nan  San  Do,  579f. 

—  ModesteL,  1191k 

—  Ros*  I.,  190af.  ..., 


:}° 


Port  Hamilton.  Oba.  spot  © 
Quelpart,    ^    U  L,  Beau   I 

tort  I.  off  NE  part_. J 

Seotml  I.,  340f. 

SirlLParkesSd.    Oba.  I. 

Fu*an  Hr.,  Its.  F   

C.  Clonard  

Dagelet  IM  Matau  Sima,  pk.  ) 

4000f. / 

C.  Duroch 

Port  Lasaref 

Bronghton  B.,  ial.  Hodo  


C.  Brnat,  1542 

Tuman  Ula  R^  entrance    

Expedition  Bay,Tchurkhoda... 

C.  Gamova 

Vladivostok,        Scharn-  i 

horst's  Station / 

A>kold  I.,  li.  FL  59Qt  

C.  KruiloY 

Siau  wuhn  Bay,  8  pt  Siai-  \ 

chuR / 

St.  VJadimer  Bay,  OrekhovaPt 

Suffren  a,  I300f.  

Barracouta  Hr,  Tullo  L 


LauN 


Lon.  E 


34°2i' 
33  59 
33  57-6 

41  24 
41  21 

4i  30 
41  47 

41  47*5 

42  199, 

41  55    ; 

43  2-4 
43  25    j 

43  45  5 

44  25 

44  18 

45  31 

45  17 
44  24 
43  14 
43  19 

42  37 
42  15 


39  12 

38  7 
37  46 
37  jo 
36  37 
36    7 

35  21 
34  4^ 
34    4 

34    1-4 

33  297 

34  33 

35  6-8 

35  7 

36  4 

37  3i 
3846 

39  19 

39  41 

40  51 
42  17* 
42  37*9 

42  3T4 

43  6-8 

43  438 
43  40 

42  54*2 

43  537 
47  19 
49     18 


30*51 

30  47 

31  1 

40  13 

39  48 

39  22 

40  43  7 

41  11*5 

40  59*5 
43  «* 

45  46 
4636 

46  32 
45  23 

41  54 

40  59 

41  16 
41     07 
40  22' 
39  51 
39  13 


24  34 
24  39 

24  44 
26  3 

25  33 

26  o 

26  2 
*5  14 

25  7 

27  «8  5 

26  565 

28  42 

28  39*5 

29  2 

29  3* 

30  52 

28  16 

27  25 
27  45 

29  40 

30  4» 

30  487 

31  147 

31  527 

32  217 

33  4' 

33  50 

35  27 

39  4 

40  19 


TABLE  10 


683 


MARITIME  POSITIONS 


(79) 


Placet 


C.  Siourkum   

Castries  B.,  It.  F  262f.  

Amur  R.,Nikolaeysk  Cathedral 

Sakhalin  C,  C.  Jonquiere,1 
It.  F360f.    / 

Tcharaikove  os*a  Ft 

Koeounai  Ri»ad  

Monneron  L,  Totumusiri  1.,^ 
UOOf. / 

C.  Notoro.lt  F  135r. 

Kamcn  Onaniosti,  20f.  

Kursakovsk  Road,  It  F 

C.  Siretoko 

C.  Tonin „.... 

Robben  I.,  481    

Tichmcnev 

C.  Patence 

C.  Delisle  de  la  Croyere  

C  Loerenstern  

C.  Elisabeth  

C.  Maria 

C.  Golovaicheff 


C.  Khnbaroff 

R*  inecke  h 

Shaiitar  Is.,  EW  20  L,  E  one,  \ 
I  Procofieff,  [4m.],  E  pt  / 

R.  Onda,  mouth 

St  Jonas  In  [la.],  +09 1200f. 

Port  Aian 

usnotSK  ..•••••••••••••••••••••• 

a  Bligan 

C.  Fiaglun  

Ghijiifek,  ItF 

Penjinsk 


Tetorop  I.,  +  431,8pt,l 

C.  Riekard J 

—  N  pt,  C.  Vries 

UrupL,  #  17  1.,  SWpt 

Pyramid  rk.,off  N  and  E  pt... 

Broaghton  L,  fl  1.].  *.  ♦<>  •• 
Simu4r  I.,  #  10  L,  S  pt,  or  ) 

C.  Rollin  (Sianuni)   J 

Bronghton  B. 


Nashua  I.v  [pk.],  (rks.  SW-d.) 


Mataa  I.,  Sarycl 
Raikoke  I-  [1  1.1,  sum, 
Musk  Is.,  a 
C.  Oneta,Sbiashkotan  \.f+  4 1. 
Kharim-kotan  I.,  [1  1.],  pk. 
Onekoan  L,  J*  2  lM  S  pt 
Makanrushi  L,  [2  1.],  mid. 
Paramushir  L,  #  20  1.,  S  pt 

Shirinki  I.,  [2  1.]   

Shmnsha  L,  NS  3  1.,  mid. 
Alaid  I.,  [2  1.],  mid 


C.  Ongon    ~. 

Bolsherett'k,  cnt  R.   ..... 

C.  Lopatka... ......... 

Mt  Vilutchin,  7060f.     

AratchaB.,  B,  E  entr.,  It  \ 

F526f. f 

—  St  Peter  and  St  Paul,  Ch 


LatN    Loa.E       (80) 


50°  6' 

53  8-i 

50  53 

4846 

47  587 
46  14 

45  54 

45  4* 

46  40 
46  1 
46  50 
4832 
49  13 

48  4* 
5«     I 

54  3 
54  24 
54  17 
53  «5 


«40°43' 
14055 

140  43 

142    7 

Mi  50 
142  137 

141  11 

142  2 
142  10 

142  44 

143  26 
«43  27 
"44  45 
M3    9 

144  55'5 
"43  47 
H3  15 
142  47 
142  18 
141  53 


53 
54 

55 


54  44 

56  25 

56  255 

59  22 

5840 

59  13 

61  53 

62  JO 

44  25 


45  40 

45  37 

46  19 
46  44 

46  49 


58  o 
52  45 
50  53 
52  42 

P  52*5 
53 


roi 


141  3 
139  52 

138  27 

135  24 
143  18 
138  21 
143  «4 
*5«  37 
156  15 
16037 
162  56 

146  56 

14845 
»49  32 
150  27 

150  28 

IS"  37 

151  56 

152  47 

153  12 

153  i5 
•53  44 

154  8 
54  35 

154  47 

154  32 

155  23 

154  58 

156  26 

155  32 


157  50 
156  14 
15646 

158  22 

158  47*0 
58  435 


Flaees 


0.  Shiponski  , 

Kronotsky,  pk.,  1 0,6 1  Of.   

C.  Kronotsky 

Klochevski,  volo,  16.181  f.   ... 

C.  Kamchatka 

Behring  I,  tt  16  1.,  NW  pt... 

—  8outh  pt 

Copper,  or  Mcdni  I.,  S  pt 

C.  Stolbovoi,  A,  1 

C.  Osernoi 

Karathinsky  I.,  #  20  I.,  N  pt. 

-  South  pt 

C.  Olutoreky  - 

C.  NaYarin,  k  .-. . 


or    JLBXA. 

Buy  of  Archangel  Gabriel,  1 

NE  pt,  or  C.  King    / 

C.  St.  Tbaddeus 

It  Anadyr,  C  Alexandra 

Kresta  Gulf,  C  Meechken    ... 

C.  Behring 

0.  Tchnkotsld 

Plorer  Hd. 

Arakam  L,  E  pt   

Metchignie  B*  entr.,  pt  L    ... 

C.  Krleongonne 

St.  Lawrence  B^  E  pt.  entr  ... 
East  Cape,  8E  extr.,  252 If. ... 


C.  Serdse  Kama*  (Bearing,  \ 
1728) / 

Jinretlen  (Nordenskiold,  \ 
1879-80) / 

Burney,  or  KoUotchin  I.,  S  pt 

Herald  I.,  900f. 

Kellett  land,  or  Wrangell  U\ 
C  Hawaii  J 

Mount  Long,  2500C 

C.  North  of  Cook,  106&    

C.  Jakan - 

C.  Shelagskoi 

Bear  Is.,  E  or  Column  L 

—  West  one  

De  I/»ng  Is„  Jeannette  L 

—  Bennett  L,  C.  Emma  

E  Mouth  of  Indigirka  R.,pt ... 

C.  Snatoi   -... 

Lyokhow  I.,  S  pt 

likhov  Is.,  EW  70  U  New  \ 

8iberia,  C.  Kamenooi   ...J 

—  North  I„  Figurin 

C.  Mufasch,  mo.  of  the  Iana, 
Lena  It,   mo,   N,   or 

no.  pt  •••••»•••»••• 
Oleneka  R.  Dschanila  I. 
C.  Chelaiskin,  N  extr.  of  Asia 

C.  Vega ..... 

EinsamkeitI 

Yenisei  Gulf;  E  pt,  Dixon  \ 

Harbour J 

G  olf  of  Obi,  Drovianoi  Pt  ... 

—  WbHe  I.,  C.  Schubert 

—  Obdorsk 


i) 


Lat  N  L»»n.  E 


53°  6' 
54  47 

54  54 
56  8 
56  o 

55  17 
54  43 
54  33 

56  40 

57  37 
59  13 

58  28 

59  57 
62  16 


62  28 

62  42 

64  42 

65  29 

65  o 

64  17 
64  21 

64  46 

65  31 
65  29 

65  37 

66  3 

67  o 

67  7 

67  27 
71  19 

70  58 

7i  7 
69  4 

69  40 

70  2 
70  38 

70  50 

76  45 
76  40 

71  o 

72  52 

73  »o 

75  10 

76  16 
7i  35 
73  27 
73  22 

77  40 
77  36 
77  40 

73  IS 

72  43 

73  7 
66  32 


i6o°4' 
160  37 
1O2  35 
160  48 

163  15 

165  42 

166  42 
168  11 
163  25 
163  15 
16438 
163  27 
170  19 
178  56 


179  14 
79  30 
77  22 

81  15 

84  6 
8746 

86  40 

87  54 

87  51 
89  o 

89  11 

90  16 

88  6 

86  26 

85  55 
84  43 

82  20 

81  18 
79  3« 
76  34 
71  10 
62  20 
6035 
59  o 
49  o 
51  40 
41  o 
43  15 
51  o 

o 
o 


41 

35 

27  36 

19  5 
04  15 
03  20 
86  o 

81  o 

73  18 
72  5 
6641 


684 


TABLE  10 


MARITIME  POSITIONS 


(•1) 


Placet 


* 


Pontianak  R.,  Pa  <je*g  L   ... 

Bangkai  PL    

Srtmijang  I - 

Burn  g  If.,  Lamukutan,  N  pk, 

Samba*  R„  Fort  Surg    

Tanjong  Api,  £  tf .  •  tauy  w' 

Tanjoau  Dato,  A 

Marundam  I.,  small.  i20f. 

Tanjong  Sipang,aiE.(rks.5m.) 

Tajong  Po,  It  F  490C   , 

Sarawak  it,  New  fort  -....., 

8irik  Pt,  J,  It  F 

Mt.8flungun,  I500f. 

Tanjong  Barram,  4  rt  off  t . 

Mt  Mulu,  *iHX>f.   

Bruni,  or  Borneo*  citj  palace 

Mcaro  I.,  E  pt 

Iabuan  I ,  Bandar  Pt 

IHilo  TVga,  I,  N  i  3  L  N  end 

Cattle  Pk„  I500f. 

l*ulo  Gaya,  \  4m.,  It  F  

SMitftni  Bk.,  jj    M 

Vernon  Bk.,  q  Fury  rk*.  — ... 
Saraeea  Bk.,  bW  extr. ........ 

Mangatoon  U  snail,  W„ 

Ambong  B.,  w   ....—... 

Kini  Bain,  Min.t  I3,700f. 

Matanani  1p„  [5m. ],  W  pt.  ... 

N.  Furious  *hl.,  7  

N  extr.,  8am|«nmaogo  Pt,  "1 
Kalampuaian  L,  off / 

Balambangan  L  J*  5  I,  !) 
S  SE,  440fM  Kalutan  I....  J 

Ban*uey  L,  #  7  L  NW, ) 
pk„  I876£  J 

—  £  title,  Bancowsn  I.,  8  pk. 
Mang-i    b.t  ^  3   L,   (r&l 

WSW3L).  S'l / 

—  N  one,  Salingsingan  L 

Balabac  L,  NS  7  l„  1900f  ,\ 

8  pt,  or  C.  Melville  / 

Calandorang  B.,  It  F  I19f.  ... 
Palawan,  #  80  I,  3  extr.,1 

or  Pt  Bulilnyan / 

Bulanhaa   hUl,    N    end  of\ 

range,  3,500f. — ..  J 

Albion  bead   

York  breakers,  [hmX  1  foot 

Table  Pt    

UluganB.,NWnead 

—  Watering  B. 

High  I,  off  Port  Barton^ 

1050C / 

Malainpaya  8d^  Pancoh  

Tapiutan  I„  (Bugg.  Is.),  N  pt 

Cabuli  L,  Tim.],  560f. 

Daroaran  I„  n*  5  L,  E  pt,  \ 

Pirate  Hd.  / 

Carlandagan  I.,  NS  int,  £  pt 

Bsrbacan,  Stockade  

Port  Royalist,  It.  F  43f. 

Detached  I„  East  U  [lm.]t  /. 
Kanaran  C,  [Jut],  SOOfc  ... 


,N 


0°    2* 

o  19 

O  21 

0  48 

1  II 

1  575 
•    5 

2  Is 
1  48 

«  44 

1  33 

2  46 

3  48 
436 

7 
522' 

04 
165 
44 
47 

o 
36 
44 

6 
II 
18 

7 


LtfLE 


64a 

7    1 
7    4 


7  «3 

7  175 
7  12  5 

7  3« 
7  34 

7  49 

8  o 
8  20 

8  40 

9  «7 
9  53 

10  o 
10  8 
10  10 

10  31 

10  52 

11  14 
n  26 

ic  35 

10  39 

10  21 

I44 
8  53 

11  14 


I09°!0' 

108  56 

10845 

to8  42 

o3  58 

too  19 

109  40  5 

109    6-5 

HO  21 

IO  325 

no  21 

in  21 

113  47 

113  58 

115  14 

114  54? 

"5    4 

.15  i| 
US  385 

116    5 

ri6    3 

114  53 

U5    a*5 

ri5  18 

115  35 

116  19 

"6  33 

116  16 

1617 

643 


649 

7    57 
7  i8-5 
7  16 
7  16 

6  59 

7  2-7 
7  10 

7  24 

7  58 

8  8 
838 

!** 

8  48 

9  4 
9  23 
9  15 
9  29 

20     O 

20  15 

19  23 
18  43 
18   15 

20  l6 


(8*) 


Placet 


Nangaloo  It ,  [I  L],  NE  pt... 
Yloe  U  [3  I.].  S  pt,  rock  off 

Iiuicapan,  NW  pt    

Tret  Beyes.  rk«„  [Jin.]    

Dclian  L,  [Im.] 

Tara  L,  %  3m.,  730f.,  N  pt... 
BuMianga  I ,  ^  I*  1.,  N  pt .. 

Colocoto  rkn.,  [Ini.] 

Cnlton  L,  JJj  7  L,  Culion  


PfcWpplna  IslaatU. 

Hnnter  Rock 

Merope  uhL,  [2m.] ....... 

Apo   shl„   \8  L?   Is.    f,\ 

Apol J 

Falmouth  Bank,  NS  1  L,  N  pt 
Panagatan  shl..  KW  3m, sf.... 
Semirara  Is..  N  pt.,  [5m.  1,  f 

—  S  pt,  or  Pirate  I.,  t ©•  \ 

w,  (a  lake),  SB  pt / 

Kbfluhan,  [1  1.],  remkble.') 

spire  on  W  extr.    / 

Manignin  I.    

Poi.tod  bank  

Manarooc  L  and  rfs.,  [2 1.], pk. 
Cayot  1. 

—  Qrtor  Cnvo  I  ,Town...e 

—  £  extr.  or  Tagauayan  ...  O 

—  S  extr^  Imalagaan,  303f.O 

—  8Wextr.,itlei,  Paya,90£  O 
Somhrero  rk^  [10  yds.]    ...  6 

White  rk.,  24f.  e 

Amholon   L,  8  end*  (this.  1 

SEd) / 

Port  Mangarim  Town  

Pt  Lumintau  ...•• 6 

Sablayan  Pt 

Mamburao  K - 9 

C  Calarite 6 

Palunn  B„  vilL,  w 

Mt  CalaTite,  SCOOf.  

Pt  Etcarteo  

Silonay  L    

Pt  Dumali,  (sum.  «r  3m.)  ... 

Pt  Daytgmn  

Pt.  Pandan 

IJbagao  I.,  r^m.],  41  Of.    

IlinX  Pt  Bin   


Oolo  L,  8E  end 

Lnbang  I.,  %  4  L,  A,  N  pt., 

—  LoooBay  

Cabrat,  or  Goat  L,  It  FL  ..... 


C.  Santiago,  (Minerva  fl. 

ESE  5m.)  

Fortune  I.,  [lm.1, 450f.   ... 
Friiir,  120f.  off  Pt  Dmbones 

Cavite,  It.  F  30f. 

Makila  Catbjedral 

Orani  

Corregidor  I.,  It.  FL  639f.    .. 

Pt  Luson,  or  Homos   

Port  Subec,  Grande  L   

Pt  Capones,  large  I.  off.  A,  # 
Yba,  town *. 


N 


II°2S' 
II  16 
II    28 

»  34 

11  51 

12  20 
12  20 
it  28 
11  54 


12  41 
1244 

12  40 

11  54 

11  52 

12  7 

11  58 
11  26 


I20°IO/ 

119  42 

»9  43 

120  6 
120  19 
221  21 

119  53 

120  2 
120    o 


120  11 
120  i$ 

120  24 

120  58 

121  16 
121  20 


121 


120  46 

11  365121  40 
11  21  121  40 
11  18  120  42 


10  51 

10  58 
1045 
10  48 

1043 
10  26 

12  11 

12  21 
12  31 

12  50 

13  26 

13  2T5 
13  287 
13  31*6 
13  27 

13  t 

12  38 
12  I75 
12  12 

12  9 

13  385 
13  52 

•3  438 
13  54 

13  46 


4 
18 

29*5 


23 

25*5 
47 
55*5, 
20 


121  1 
121  13 

121  4-5 

120  365 

121  33 
121  2 

121  1 

121  5 
120  54 
120  45 
120  335 

20  17^5 
120  292 
120  24 

120  59? 

121  13 
121  34 
121  32 
121 23 
121 25 

121    6 

120  25  5 
120  55 
120  167 
120    2 


120  40 

120  29 
120  375 
120545 
120  58 
12033 
120  34 
12028 
120  13 
120   05 
119  58 


TABLE  10 


585 


MARITIME  POSITIONS 


<*») 


Places 


* 


Masingloc,  town 

Hermans  mayor  I.,  summit  . 

PL  Caiman,  rf.  SW  

TsmboboPt  , 

Boltnao,  TeL  Station , 

Portttual,ltF79f. 

Dagupan  B.,  It.  F  29f.  

Pt    San    Fernando,   It    Fl 

29f.  J 

Pt  Darigayos - 

Port  Santiago 

Pt.  Dile  

Mr.  Bulagan,  3629f. 

Pinget  L,  S  pt 

CuliliPt „ 

C.  Bojeador,  A  »  2m. 

Pt  Mayraira - 

Caraballo  HiU 

Cabicungan  Pt 

Aparri,  town,  $'i*  

C.  Engano,  Hennanus  Is. 


Its.,  A,  T.  1  W  ... 
I.,  *  4  L,  (Portl 
uinto,  t'  W,w),  \ 
.  80  L,  Font  I....  ) 


Dedicas  rks.,  k,  pkd. 
Guinapac  rks.,  A,  T 
Camignin  I.,  J1 

S  PioQuinto, 

▼olc,  ris.  20  I . 
Fuga,   or    New    Babuyan,  i 

EW  5  1 ,  Port  Mu»a,  tt  J 

at  W  End  J 

Dalnpiri,  vis.  11  1..  $0,  rks.1 

S-d.,  Npt  / 

Wyllie  rks^  2,  +  2uu,  N  \ 

_P*« ( 

Claro   Babuyan,  [5  L],  k%\ 
toIc  E  end j 

Balintang,  or  Richmond  Is.,*) 

».[ii.f],A.i.  T,*o.N} 

one,  vis.  8  1 J 

SabtanL,  KS5m,  S  pt  

lbugos,  N8  2m.,  S  pt.    

Deques,  (Goat  Is.\  [Jm.1,1 

W.pt / 

Batan,    or    Monmouth,    #^| 

9m.,  r,  w7,  N  sum.  38u6f.  / 
—  San  Domingo,  Cathedral .. 
Diogo,  (Grafton  I.),  [}m.],\ 

848f.    / 

Ibayat,  (Orange  I.),  J*  Sin.,5} 

r,  t  W,  N  sum.,  or  Sta.  J> 

Rosa,680f. J 

Mabudis.  #  lira. 


LcitN 


Y'Ami,  [fin.]; (North  Islet) 
is  SSW  2m.)  / 

Gadd's  zi-t  «*  Cumbrian  \ 
break  / 

Little  Bote!  Tobago,  [£m.]  ... 

Botel  Tobago,  ^  8m.?  t,\ 
NEpk.  1850&    / 

V«la  Beta  rk*,  [2m.],  \ 
25f, .. / 


15°  33 
15  4» 

15  55 

16  05 
16  24 
16    6 
16    5 
16  37*5 

16  51 

17  18 
17  34 
17  385 

17  40 
1*    5 

18  30 
18  40 

'!  3i'5 
18  382 

18  213 

18  355 


19    3 
18  58 

1855 

18  52 

19  9 
19  22 

19  30 
*9  3i 

20  1 

20  17 
20  19 

20  21 

20  28-5 
20  27-5 
20  415 

*>47'3 

20  54 

21  s 

21  43 

*i  $77 

22  5 

21  451 


Lon.1 


»9°57' 
119  47? 
119  46 

»9  43  5 

119  56 

120  75 
120  195 

120  175 
120  200 
120  27 
120  21 

I20  31 
120  22 
I20  287 
I20345 
120  52 

120  54 

121  6 

121  37 

122  65 


(84) 


Places 


122    95 
122    4 

121  48 


121  16 

121  13 
121  22 

121  39 

122  1 

122  18 

121  53 
121  49 

121  48 

120  1*2 

121  59*0 

121  57 

121   527 

121   57 
121    58 

"i  37** 

121   36*5 

i«  33  5 
120  82 


Yligtn  Pt  

Mt  Dos  Cuernos,  4008f.  

Tumango  Port,  N  pt  entr.  O 

O.  St  lldefonso O 

Port  Lampon 

Polillo  I..*  7  I.,  Banlal- 
Pt,  (Is.  SK-d.) /  ° 

—  South  point    O 

Jomalie  I ,  [3  L],  E  pt     ...O 

Maulamat  1 O 

Cabclete  I.,  [4m.].  S  pt  ...O 
Alabat  I,[3l.],/,Npt  ...O 

Jesus  Pt. O 

Samur  I O 

Matandumaten,  /,  Is. O 

San  Miguel    B.,   Canton  \^ 

I„Wof  entr.  [lm.].../° 
L  Bataranan,  %  3m.,  N  pt 

Sisiran  Port,  ffl,  Basi , 

Palumbanes  U  EW  3m.,  W  pt 
Catatidiianes  I.,  J*  12  L,l  ~ 

shl  Nof,[ll.],  fotpt /° 

—  S.  or  Taguntun  Pt  O 

Volcano  of  Isaro  

Volcano  of  Alhay,  8274f 
Rapurapu  I.,  [3  L],  Unguy  Pt 

Pt  Montugan,  ris.  3m 

Volcano  of  Bulnsan  

St  Bernardino  I.,  [2c],  ♦ 

fl  EandW,  1501.   

S  extr.  of  Luzon,  Col  in  tan  I. 
Los  Nuranjos    Is.,  [2    L],\ 

Rasa  I / 

CapuU  *,  7m.,  N  pt 

Port  Sorsogon,  ffl,  town   

Ticao  I.,  V5  1.,N  pt.,  81 

Miguel  L / 

—  Port  San  Jacinto,  on  E  1 

side,  S,  w,  r    / 

Masbate  I.,  Bugui  Pt 

—  Jintotolo  L    .' 

—  Port  Barrens,  on  N  side,  1 

Ot  N  pt  entr.    / 

Burias  I.,  Basin  It  F 

Cabcza  de  Bondo,  1250f. 

Marinduque  I.,  %  8  L,  Mar-  \ 
langaPt / 

—  St  Aodre,  pt  75 If,  [Q    ... 

Pagvilao  L,  JM  1.,  S  Pt 

Pt  Locoloco 

Mt  Labo,  sum.  3363f.  

I.  Verde,  ^  5m.,  NE  pt 

Batangas,  town,  r  

Pt  Natoco 

Maricaban  I.,  EW  2  L,  rft.\ 

E  and  W  pts.,  W  pt / 


Lat  N 


i8°2o'5 
17  30 
»6  43 
16  5 
14  43 
«5  5 

«4  43 
14  35 
14  30 
14  15 
14  14 
14  22 
14  3» 
14  17 

14  4 
14  9 
*3  55 
«4  5 

14  8 

13  3i 
13  39 
13  16 
13  11 
U  85 
12  47 

12  46 


Lon.  E 


122* l8' 
122  6 
122  14 

21  46 

121  34 

122  6 

122  4 

22  17 
122  19 

121  50 
"21  55 

122  26 
>22  43 

123  5 
"3  5 

"3  17 

123  36 

124  4 

"24  13 
124  9 

123  21 

"23  41 

124  10 
24  13  7 

124  2' 

"24  15 


12  31 
12  22 

12  29 

13  o 

12  43 


Maestro  de  Campo  In  [1  l.],"| 
Port  Conocpcion / 

Dos  Herman**,  Isabel  I.,  150  . 

Banton  I.,  [I  LI,  NE  pt  

Simara  I.,  fini.J,  N  end   

Tablas  I.  NS  ab.  12  L,^ 
Cabeso,  2405f.   ~./ 

—  P.  Loog  Town,  O    ...—... 

Romblon  I.  Port  It  F.  v 


12  323 

12  36 

11  51 

12  33 

13  8 
13  12 

13  12 

13  33 
«3  53 
13  39 
13  40 
13  33*5 
13  45 
'3  38 

13  41 

12  54 

13  o 

'»  57 
12  50 

12  38  5 

12  16 
12  36 


124  5 
124  o 
124  8 
"23  59 
•23  36 

123  455 

"23  15 
123  7*5 
123  24 

122  58 
122  35 

122  2 


21  52 

121  45 

121  25 

121  18 

121  5 

121  3 

121  2 

120  505 


121  44 

121  565 

122  6 
122  7 

122  10 

121  59 

122  17 


*M 


TABLE  10 


MARITIME  POSITIONS 


(85) 


Placet 


J 


I 


4 


'S.UyanI,\5L,pk  6424f„*\ 

Pt  CtTit / 

CrestadelGalloI.,[lm.],S 

Samar  L,  *  4*  U  Batag  l.\ 
N8  5m^Npt J 

—  Port  Palapa,  Calapnn  L  ... 

—  Borongon,  town 

—  8  and  E  eztr.  I 

—  Manuani  I ,  [1  1.],  S  pt.... 

Candiwy  I.,  It  FS3f.    

Par.isan  PL     

Sibugay  I ,  N  cn.i,  [I  1.] 

I.  de  la  Men,  [1  I.  J,  Bagsi  \ 

P..11 / 

Bliian,  *fc  7 1.,  Tincanaan  I.... 

Carnisa  I.,  small,  8  pt, 

I.  del  Oato,  rk 

Tngapala,  ^  6m.,  E  pt   

Leyte    I.,    V«L,  1 

Gfcantaugan  ialct J 

Port  Palompoo,  town 

Camotes  la.,  NW  one,  Tulnn- 

Ylongos,  ti>wn    

South  pt,  Leyte  I .< 

Limasana  I.,  8  end 

Panaon  I..  *3l3f„  8  pt 
Bohul,  EW 15  t,  Namaimco  Pt 

—  West  point,  or  Pt  Duljo . 
Zehn,  J*  35  L,  Ta6on  Pt 

—  Zebu  town,B,  fort.  It  F  42f. 

—  NE,  or  Balalaque  Pt. 

Doon  Is.,8W  L O 

Calangaman  I.,  at  £  eztr.\ 

of  art / 

Stqnijor,  J»  7  1„  P».  MinalnUn 
Negros  L,  J*  38  L,  Siaton  Pt 

—  FtSojoton,  T  

—  North  Pt„  Ylacaon  I.  ... 
Panay  J*  32  U  8  pt,  A, 

Joraojarao  islet 

8.  Jone  de  Buenavist*   . 

Nalopapt  rf.    

Man i gn in    — . 

Pt  Pucio,  6-'0f. 

Borocay  L,  436f.,  Npt.. 

Pontud,  [IJm.J 

Port  Batan,  9    ..••••—•• 

Olatara  Islet 

Zapato  Mayor     

Jiototolo  I ,  [1  L],  120C 

Pt  Bulacaae  

Gigantes  Is.,  [t  1],  Vaidajon 

Culebra  Islet 

Baiigutan  Islet   

IloDoFortltFtlt 


LatN 


±> 


8uluan,  [1 1.] 

Malhon  L  [4  I.],  K  pt 

Diiii«gat  1.,  Pt.   Desolation... 

Giboson  I.,  N  pt  

Siargao  I.,  Sapao  Pt,  620f. 
P.  8ibunga,  entr.,  9 


Bilaa  Pt,  N  pt  Mindanao . 
P.  Surigao,  9,  town 


a°i6 
2  it  5 

*  43 
2  37 

I   42 

°H 

0  58 

1  26 

1  44 

2  o 

1  53  5 

1  41 

1  3o 
i  «7 

2  5 

1  35 


Loo.  E 


II   2 

10  44 

10  23 

10  0 

9  54 

9  55 

9  47 

9  <5 

9  25 

10  175 

11  17 

11  2 

11    7 

9  10 
9  * 
9  59 


II   2 

IO  24 

I0  445 

11  '3 

11  37 

11  46 

11  59 

11  50 

11  36 

11  3* 

11  455 

11  50 

»  37 

n  38 

11  22 

11  12 

10  42 

10  46 

1043 

10  28 

10  28 

10  4 

9  41 

9  49 

9  47 

22°38'7 

22  425 

*5    5 

25    o 

25  «5 
255a 

25  38 
24  53 
24  46 
H  27 

24  1 75 
24  20 
24  6 
24  1 
24  15 
24  16 

24  24 
24  18 

24  44 

25  2 

25  t 
25  16  5 

24  36 

23  42 
23  19 

23  54 

24  4 

23  36 

24  15 

23  42 
22  59 

22  27 

23  11 

21  57  5 

21  55 

21  59 
21  40 
21  50 

21  54 

22  15 
22  30 

22  50 

23  2 
23    *5 
23    95 
23  22 

23  "4 
23  20 
22  36 

25  58 
25  49 
25  38 

25  28 

26  35 
26     1 

25  26 

i*5  317 


(W) 


Places 


I 


PtCaait 

Cateltown — O 

Pt  Pusan   

a  St  Aagurtin,  or  Pan-  \  Q 

dagitan   / 

Palmaal O 

Davao  R.,  It.  F  27f.  

E  Sirangaiii  L,  NS  4  L,  w'f  \ 

b,  hill,  Send  J 

Pt  Tinaka,  vis   18  L,  T    

GkmMasilaR.,ltF33f.     ... 

Volcano,  3600f. 

Leno  Bay    O 

Mindanao,  R.  entr.    O 

Pollock  Cove,  9.  w,  Fr  fori 

Bongo  L,  4*  6m.,  SW  pt 

Tigiima  

Pt  Flecha  

Olantanga  I.,S  pt 

Cocos  1 ,  small,  690T. 

Sta  Cms  la.  2,  E  one  

Samboanga,  w,  r,  Got.  Ho.l 

It.  F35f. «./ 

CnWera  Port  

Sibnco  B 

Pt  Balangonan,  ^~ 

Marcielugo*  L    

Pt  Sindangan 

Pt  Blanca  

AliqnaykA  t.  TS 

Silinot,A  t.  TS 

PtTabud,ltF43f. 

MSsamb  town 

Pt  8aknang  

Cagayan,  anchorage 

PtBagacar  

Cmmigoin  L,  [4  L],  5338f.... 


Snltana  Bank,  jj   

Cagayanes  Ia^  5,  4  *,  (rf.  \ 

Nend) / 

Calusa,  [3c]f  t„  f    

Anultng  I 

Ca*effl  L,  124f„  [t],  NE1 

extr.    / 

—  Reefa,  8W  extr.    

Jessie  Beazley  rf.  

Toob  Banana,  shl.,  #  7  L,  \ 

rk.  Sextr.  / 

—  ShU  SW-d,  S  rk. 

St     Michael's    L,    Manuk\ 

Manakan,  32f.    J 

—  Bancawnnjr,  123f. 

—  Bancoran,  140f. 

Cagayan  Sulu  Is.,  3,  large  | 

one,  a,  t.rk.  at  entr.  U 
of  circ  basin J 

—  Keenapon*san  I 

—  S  exir.,  Mulegce  b.y  T  t  'c 
Mambahcnanan 

Talantam  hk.,  I 

Pearl  Bank,  ent 

Tawi  Tawi,  Bongola,  t    

Manuc  Manca,  8  pt 


LttN 


»i7'S 

48 

«4 

M 

30 

1 


Loo.  E 


5  24 

5  35 
5  45 

I46 

64l 
7  16 

7  21 

18 

465: 

22  i 
167 


525 


655 

6  57*5 

7  20 

7  47 

I    7S 

8  11 

832- 

545 
842 

8    9 
8  38 

830 

8  59 

9  « 


9  59 

9  47 

9  3* 
9  44 

9  14-2 
9  io-5 
9    25 

8  49 
8  43  5 
7  4*6 

7  44*8 
7  5°* 

6  591 

7  ii*3 

6  53 
634 

S42 
548 

5    3 

4  47* 


26°I4' 
26  22 
26  25 

26  6 
26  28 
25  36 

*5  *5 
25  16 
25  15 

25  *5 
24  00 
24  11 
*4  «I5 
23  59 
*3  25 
23  22 
22  4S5 
22  14 
22    32 

22    45 

21  5r5 
2*    4 

22  55 
22  26 

22  39 

23  4  5 
23  13 
23  24 
23  22 

23  47*5 

24  29  5 
21  40 
24  49 
24  44 


21   22 

21   BO 

21      6 
21   25 

20  52  2 

20  45  7 
19  48 

19  55*5 
19  51 
18  28 

1833 
18  41 

18  29 

18  26 
18  242 

18  31*5 

19  27 
19  39 
"9  47*5 
19  50*5 


TABLE  10 


587 


MARITIME   POSITIONS 


(W) 


Places 


.':} 


Sibutu  I.,  N  pt  ........... 

Doc-Can,  W  pt 

Cap,  N  end 

Pangootaran  Ia^  Ubian 

72f.,  8  pt    

Knlasrien,  rfs.t  E  pt. 

Salleolookit  I* ~ 

Griffin  5* 

N  citr.,  Teymga  I.,  small,  /,  f 
Sangboys  la.,  small,  8  end  ... 
Basilan  L,EW  11  l.,3970f.,\ 

I>    Pt.  Matanal / 

—  Paaanhan,  ffl,  w,  Ismbela  fort 

Cocoa  L,  690f.    

Sibngo,  A,  E  islet  935f. 

Btibuan,  E  pt.,  794f. 

Tapeantana,  small,  pk..  938f. 
Bulan,  EW  4  L,  /,  w,  E  pt. 

Simisa,  N  pt 

Sulu,  EW   12  L,  Vt   I*.  D» 

Port,  It  F  35f. 

Saladde  I.,  E  pt.    

PataPk.,  1434f. 

Kabingan  Is.,  2,/,t,  Boacoa 

Siassi  Pk.,  1714f.  

Simttluc  Pk.,  127f.    

Sigboye  passage,  Dangerous  ft. 


Bangney,  NW  pk.,  1876f. 

Bancawan  I.,  8  pk O 

MaUawullee  U  NW  pk.,  582f. 

Pt  Sugat 

Lankayan  I.,  t,  lOOf.  O 

Ubarran  I ,  WOf.  

Bagnan  L,  228t 

Sandakan  B.,  3  ffl,  w\  b,\ 

Bahrila  I.,  pk.,  643f.  J 

Kinahatangan  R..Driftwood  It. 
Usang  Pt,  Hull  Rock  © 


.•••••••*•! 


Darrel,  B.  Silam 

Si  Amcel  I.,  800f.  

Sipadan  I.,  120f. 

Ltgitan.  grp.,  Mabul  1 ,  120f.. 
8ombakong,  (mou  b  of  R.). 

Seaajab  R.v  Tibu  Pt 

Bulmigun,  town 

Mantua  I.,  NS  6m.,  N  pt.... 

Pantal  R.,  mouth  

Maura*  rf.,8anibitl.,[8l.],rf*. 
Mangka  Liat  Pt 
Krindingan  L.... 


filabakkan  R..  Baror  Pt 

Balik  Pappan  R,  N  entr.  pt... 

Passier  R.,  entr.,  Muara   

AruPt,  l,t. (•«*• *l-).- O 
Pamokan  B.,  Mirra  Pt,  4\  0 

*,(ri*.8) JU 

Puk)  Lant,  N8  18  l,PAfi 

remanding  Pt.  /  * 

Brothers  1 •• 

Scmbargelap  Is.,  Marahi  I. ... 

8t  George  shl.f  [f  m.]f  I    

Moreases,  Siri  Is.,  9  3m.,  pk.... 


Lat 


Lon.E 


North 
4°54'8 
5  5*"5 

5  59 

6  77 
6  26 

641 
6  46 

6  53 
6  50 

6  38 

6  42 
6  44 
6  44 
6  21 


18 

8 

59 

3** 

5o 
49 
43 
32 
267 

13 


7  17*5 
7  n  5 
7  35 
6  265 
6  30 
6  7 
6    6 


5  52 

5  385 
5  17 


o 
20 

7 
15 
44 
26 

\l 

2 

47 

I 

5 

South 

0  43 

1  15 

1  52 

2  IO 

*  33 

3  1* 

4  26 

3  39 

4  12 

4  22'5| 


I9°27' 

19  56 

20  10 

20  275 

2043 

21  22 
21  24 

21  37 

21  36 

22  19 

21  57  5 

22  15 
22  23 

21  57 
21  57 
21  52 
21  35 
20  59  5 

20  48 

21  9 
21  o 
20  52 
20  15 
20  43 


7  57 
7  18*5 
7  «7? 
7  435 

7  555 

8  i-5 
827 

8    9 

8  38 

9  "7  ? 

8  10 

8  53 
8  36 
8  36 
7  50 

42 

21 

34 

37 


38 
50 
24 
36 


631 

6  16 

6  105 
6  36 
6  I4'5 
5  48 


(88) 


Places 


Dunnlderl.,  A  f9 

S.  pt  Borneo,  Tanjong  Sala-"\ 

tan   J 

Bamto  R.,  Bnrnng  Pt 

Tanjong  Malatayo 

Sampt  B.,  Baodaran  Pt 

Flat  Hook,  or  C.  Puding  

Kotanraringin  B.,  Samadra  1. 

Tanjong  Sumbar    

Fox's  shl.,  9    

Clfmencia  Reef,  $ 

Rendexvous,  <»r  Kumpul,  #  I 

4l.,w'W,  SWpt / 

Minio  hill,  328f.     

Succadai  a,  town O 

Mt  M»j*.  I733f.    

Padaiig  Tikar  Pt 


Strati   of  Maoaaaar. 

Laurot  or  Little  Pulo  Laut  \ 
Is..[10L],SandWextr.../ 

Sibbiild's  bkj'.,  western O 

Komba  L,  (shl.  Send) 

Siri,  4  Ii.,  ris.  7  L,  f,  Siburu 

Laurel  shl 

Gt  Doangdoangan 

Kalu  Kalukoao  la.,  Rotterdam 

Medenblik,  or  Edam 

Laars  bk.,  Dewakan  I.,  (shl  I 
lil„S-d)   / 

Tonvn  L  

Lanjuakan  Is.,  Lnnkai   

Teignmouth  shl.,  W.  limit 

North  Watcher  

Kapo  Posang 

Dry  sand  bk 

Triangles,  3,  [1  L],  S  one,  ♦  O 

Hannah  shl.,  centre   O 

Little  Paternosters,  13  U.\ 
andbks^/.,  *,  (8  lim.  I 
uncert,bk<.  NW3L).  ( 
NW  Id.,  w,  Teleensing  J 

—  East  I.,  w,  Balabalagan    ... 

Celebes. 

Uyken  Pt     

Tana-keke  I.,  [4m.],  *,N\ 

Pt.    / 

Sammalona 

Macassar,  Rotterdam    fort,  \ 

N  bast,  It  F   J 

Pt  Lero  ~ 

C.  Mandar,  A,  T    .— 

C.  Kait    

C.  William,  A,  (an  Id.  off)  O 
PulosB.,  ffl,  town 

—  Dangola     

a  Temul,  rf.t  W5nt.Nl 
pt    J 

South  Watcher  

C.  Dondo,(rf.  NEl0m),\o 
A,  T    Je 


Lat.       Lon.  E 


Soutli 
4°«4' 
4  IO 


34 
38 
16 

335 

54 

o 

30 
22 


3 
3 
3 
3 

2 

3 
3 
3 

2  45 
2  15 
1  14 
1  7 
o  40 


160  7' 
114  40 
114  30 
113  35 
113  « 
in  50 
in  24 
no  18 

10  10 
no    8 

no    3 

no  4 
109  58 
109  29 
109  16 


4  49 

"5  45 

5  46 
5  15 
5  5 

4  30*5 

5  23 
5  16 
5  3 

117  4 

117  4 

"7  3 
117  6 

"7  55 

i«7  36 
"7  55 

5  24 

118  26 

5  29 
5  1 
4  55 

4  33 
4  42 
3  3i 
3  5 
2  20 

118  39 

119  5 
iH  39 
119  14 
118  58 
117  28 
"7  51 
"7  3 

2  15 

117  8 

2  33 

117  58 

5  37 

119  30 

5  27 

119  18 

5  7 

119  20 

5  82 

119  33? 

4  3 
3  35 
2  51 

2  37 
0  555 
0  395 

»9  355 
118  57 
118  47 

118  50 

119  51 
"9  44 

North 

0  4 

"9  43 

0  7 

"9  39 

0  58 

120  17 

688 
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MARITIME  POSITIONS 


(89) 


Placet 


Lat 


Loo.  E 


(90) 


Placet 


Lat  S 


Ixm.E 


,CL  Rirc rt,  Tit,  30  L,  Slime  \ 

|     islet*.  80f.,  t»  ~  / 

iPien'puuI 

<C  Kandie,  or  Dako  

'Jo*ina  rft,,  Bongk'e  I. 

I  Mi.  S»putan,  5994f. 

'  Matiado.  Fort  A  mtfterdam    . . . 

Mt  Klohat,  6694f. 

loom  Manado  U  [-1m],  2737f. 
-Nuin  L.  [Um.J,  76>f.  ... 
Taliste  I.,  /  6m„  l  I68f.,  N  pt. 

Bauka,  ^  7m.,  E  pt 

C.  Coffiu 


LtmSe  L,  J*  3  I. 
Kema.  wt  r,  fort. 

Belong  Town 

C  Fleiiko,  Kalapa  I 

Gorontak)  K^  r,  w.  It.  F  95f. 


I 


North 
I°20r4i«o044,5 

I  19 

I  20 

«  5 

I  7 

1  32 

i  28 

1  39 

1  47 

1  54 

1  48 

1  41 


Npt., 


Partgie , 

C.  Tellogonda 

Una  Ui*a  I.,  N  pt. 

C  Apie  O 

Grt.  Waleah  I.,  N  end  

G.  Tala'io,  A,  B  pt O 

T«»ko  B.,  Onee  Malubu  Pi.  O 

Peling  I.,  E  pr Q 

Btngkulu  L,  S  end    Q 

Nederbargfa  Pc,  I  5m 

"Low  Amheli  I 

Labengki  L,  [5m.],  E  pt 

Manui  I.,  [3  I.],  A,  NE  pt.    ... 

Pt.  Nipa  Nipt.  N  extr 

Keod»rie  R.  Wowcbalu  Pt. ... 

Wawoni  I.,  [5  L],  E  pt.    

Bouton  I.,  #  27,  Lt  N  pt. 

—  Ea<t  pt.,/  

—  South  pt 

—  Bouton  town,  fort,  r,  P,. ... 
South  L,  S  pt 


Kabaena  I.,  [5  1.],  pk.  4000f. 

Mengkoka  R,Taboa 

Kerayu    

Pal  ipa  B 

C  Djenee   • 

O.  Patiro 

Boni,  city,  5m.  inland  

Salengketa  Pt    „ 

Boni  rk 

C.  Latsa,  or  Biera 

Sarontaug   

Salayer  I.,  ^  13  L,  N  pt  ... 

Whale  rf.t  I    

Bulekombo,  ww0,  A.  tt 

Mansfield  shL,  1,  Bolloh   ... 

Mt  Lampo  Batang    

C.  Bulu  Bulu  •...•••••••••••••• 

Button,  Toppers  I „ 

Palo  Babi,  EW  3nt,  W  pt 

Bantam,  fl.  tt •••..*•••.•• 

Mt  Karang,  5833C    ........ 

Pontang  l*t  


I  33 
I  22 
o  56 
o  26 
o  30 
Souih 
o  47 
058  ' 
o  9 
o  47 

o  46 

5», 
17 

57  : 

53 
6 

27 
35 

54  , 
o 

5 ; 
23 
13 
42 
28 

"1 

19 

3 

40 

S; 

38 ; 

32, 

50  i 

35  j 
39  ! 

7 
3i'5 
45 
21 


21  3 

21  25 

22  57 
24  45 

24  465 

25  2 
24  42 

24  47 

25  6 
25  11 
25  10 

25  17 
25  5 
24  47 
24  27 
22  58 

20  9 

20  34 

21  35 

21  36 

22  12 

23  27 

21  33 
23  3i 
23  5 

22  17 
22  33 

22  28 

23  12 
22  39 

22  38 

23  11 
23  4 
23  i| 
22  48 
22  37 
22  30 

21  5$ 

21  40 
20  42 
20  13 
20  29 
20  27 
20  18-5 
20  22 
20  32 
20  28 
20  30 
20  29 
20  19 
20  12 
20  12 
19  56 
19  45 


5  54'2 105  55* 

5  48  7 106  15 

6  1 7 106  87 
6  14*5106  07 
5  563  106  16 • 


Hoorn  It*  EVT  4m.,  rk.1 
W-<L,  Pajung  Defcat f 

Batawa,  OasKarAToar  ♦  \ 
0\  G.M.T.  7"  7-  14  5-  .../ 

—  Edam  I..  It  F  IdSt. 

Karawang  Pc.  f  

Tan].  Sedari.  *  N\V  lira 

Sedan  if.,  [3in.],  s,  |  S 

Pamanukan  Pt 

Indar  imayn  Pt.,  f .  f ,  E  extr. 

Boompjes  R,  It  H  I91f.  

Chenbou,  lr.  F  46f.    

—  Pk.,  10,075f. 

Tegal,  h.  F  49f. 

Pekalongan,  It.  F  50f.  

Mt  Selamat,  (rot),  U,2*4f.... 

Bapang  shU  |2m.],  1 

Mt  Sumbing.  10,945f.  

Sunarang,  lt  Fl.  107t 

*  jJaparu,  Po.  Panjanj „ 

£   Mandalika  L,  lt  F.  280f. 

.  'Liuf,  Juana,  lt  F  49f.  

<  Leran  Pt    

§  lAurAnrPt  

^  Tank*  Pt,  /,  A.  tt 

Sourabaja,  citadel,  It  F  42f... 


Madura,  KW  29  L,  NW  pt„\ 
C  Modang / 

—  East  pt.,  Lapi  Pt 

—  Somenep  B.,  fori 

Patangan  I..  [In,] 

Ho/  L,  or  Sapudi.  %  9m  v    1 

Wpt,ltFl9Sf.    / 

Po.  Kamu.li    

Fasuruan,  It  P  52f.    

Besuki,  It.  F  39f.    

Pt  China    

CSedano    

Karang  Maas.  Meinden  rk.,  i 

It  F56f. / 

Mt  Mcrapi 

Banjo  WAKoit,  Ft.  UTaiccHT  \ 

It.F / 

Tanj.  Soloka,  E  pt  of  Java  ... 
South  pt  of  Java,  Ba  uenan ... 


:} 


Nusa  Rirnng  I.,  EW  9m. 

1,  f  ,Kamal  Pt 

Semtru,  Mt,  12,1 4 Of. 

Arjund.  Mt,  10,320f. ^ 

Sempo  IM  EW  5m.,  S  pt 

Segoro  Wedi  a,  Klappa  I.  ... 

Skclrk.  

Pa-hiun  B.,  E  pt^  entr.    

Keinbangan  I.,  ^  14m.,  in- 1 

let  ol  Tjlatiap,  lt  R  655t  / 

C.  Saneliang  

C.  Genteng 

Zand  Bar,  Z  n,  Panchur  Pt 
Po.  Tinjii,  or  Trouwers  1^  \ 

#4111.,  Wpt / 

KcTapa,  or  Breakers  I.,  EW  I 

Smirks.  Wpt  / 

a  Sangian  Sira,  (rks.  SE),  1 

T,  1575f.  turn.  f 

Java  Hd.,  Firtt  pt,  lt  Fl.  260f. 


5°47'7  106  28T 

I 
6    7  6 106  48  5 


575  106  50 5 
563107  02 
58  5 107  21 


56 
12 
M 
56 
43 
54 
51 


107  25 

107  46 

108  18 
108  22-5 
108  34  a 

108  24* 

109  8 
515  109  41? 
145109  13 
34  5  *°9  50 


23  » 
57  1 
346i 
23  1 
415  1 
38  1 
6  46    1 

6  53    ' 

7  1351 

I 

6  54  3  » 

6585* 

7  2    1 

6  58    1 

7  53 ! 


o    4 
o  24  5 
o  37 

0  547 

1  9" 
1  275 


6  1 
37  5  * 
4351 
36     1 

49  } 
051 
371 


8  12  8  1 

84251 
8  46 7" 


8  275 
8    65 

7  45  7 

8  27    , 
8  22 
824 

815    f 

7  46  6  109 

744  !;2s» 

7  23     to6  24 
7  u    .106  24 

6  58  3 105  46? 


2  44 


2  49 

4    7 

3  54 

4  26 

4  16 


477 
55 
41? 
2? 
28 

26 

155 

23 

36 
31-5 


13  25  ? 


112  55? 
112  355 
112  425 
i«  43  5 
|iii  425 
in    5 

a 


7    o 
6  49 


10533 
105  16 


6  45  3  *°$  "^ 
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MARITIME  POSITIONS 


(»0 


Placet 


I*tS 


Loo.  E 


(92) 


Placet 


Lat.S 


Lod.  E 


Vara  Sea  to  riorea  Sea. 

Woerden  Castle,  ife.,  or  Pa- 
maiiukan,  (sbl.  I  -f-  Sin.) 
Palo    Rackit,    Boompjes, 

[1|m.]9lt.R91f    

Karimnn,   Java     Is.,   EW 
13  I.,  fr,  b,  W  extr.,  or 

Katangrk 

Karimnn  I.,  +  5vl,  SW 

pt.,  fl.  at 

Hastings  fJL,  I    

Baveau  I„  #  12m.,  2O00f.,  1 
r,  N  pt,  Mantegi ...  J 

—  Sankapnra  Bay 

Arrogant  2n  [Jm.],  T 

Grt.  Solombo,  ^  6m.,    *,\ 

flat  hill,  620f. J 

Little  Solombo,  [3m.],  4  *  1 

H8f.    J 

Arends,  |3m  ],  N  e.id  

Karang  Takat  grp.,  *|r  4  1.,  \ 

rks^  Wpt J 

Kangeang,  \  9  L,Ketapang  B. 
Pandjang.  EW  3  1.,  E  pt., 

(rks.  off) 

Urk,[2m.],t*,Id.    

P.  Maurirarf.    , 

Belliqaeux  rf.  4} , 

Turkey,    Polo    or    Anak 

Kangeang  Is ,  and  ibis., 

N  L,  Ara  ban 

Sakala  or  Hastings  I.,  /. 
Paternoster  U,  Pulo  Tei- ) 

gah,  NW,    Paposa,  (rks.  I 

^  »L) J 

NE  Paternoster  Bankawang 
Postilion  Is.,  %  12  L,  t  t.  I 
T ,  N  island,  Jailamu...  j 

—  E.  I.,  Pnman  Tawan   

Lamarua  I.,  small 


*..} 


Brill  shL,  Taka  Reoataya,\ 
[4m.],  T ,  0,  U.  F,  Fl.  68f.  J 

Mamalaki  I,  small,  rfs.,  |  E... 

Hnsah  I.,  +  2  L,  S  pt 

Vesuvius  rk.  

Jampea  I.,  \  5  L  (Kam- 

barngi  B-,  SE  side,   $', 

w'),Spt 

KalaoI.,EW6l.,rks.,  W-U. 

2  1.,  P,„SWptI 

Bonerato  Lv  #  4 in.,  (|  W,i 

30),  Bonerato J 

Marianne  shoal    (1820), 


}° 


[2l.J,8WI 
Kalao  Toe  I.,  Cornelia  Rd. 
Madu  I.,  #  2  L,  W  pt.  rls.,  T 

Kabia,  or  Perch  I 

Post-horse  Id.  (Kauna) 

Angelica  if.,  [4m.],  centre  ... 
Rosa  Rajah,  * ,  fl  S,  4593f ,  pk 
~  isa  Linguete,  1902f.,  (rf.  \ 

««.),  Pk J 

HegadisPk. 

Token  Best  Is.,  S  lim.,  Bi-  \ 

nongka,  S  pt. J 


>vS' 
56 

48*3 

535 
5*5 
43 
5i*5 

12 

33 
27 

2 

O 
50 
IO 

.     4*6 
6  19 
631 

631 

6  57 

7  30 
6  38 

6  33 

6  50 

7  18  5 
6    7 

6  43 

6  44 

7  6 

7    7 

7  18 
7  20 

7  29 

7  25 
7  3i 

6  54 

7  2l 

7  4? 

8  17 
8  5 
6    7 

6    2 


070525' 

08  22*5 

10    8 

10  262 
12  30 
12  41 
12  39 

12  57 
14  27 

14  26 

14  335 

14  55 

15  17 

15  55  5 

15  n-5 

15  29 

16  o 

15  44 

16  15 

17  105 

18  21 
1847 

19  II 

18  6 

18  57  5 

20  19 
20  26 
20  24 

20  39 

20  52 

21  s 

21  10 
21  48 

21  43 

22  12 
22  1 
22  16 

21  44 

22  6 
22  40 
24  5 


* 


J 


Token  Best  Is.,  Kaka  Rf.,\ 
South  rk %...  J 

—  N  limit,  Wangy  Wangy,  \ 

vis.  7  1 ,  sum J 

—  St  Matthew's  Is.,  *fe  5 1.,  1 

loSBpt. ; 

Veldthovn  I.,  [5m.]    " 
Moro  Maho,  centre 


Ti\\ 


Ball  to  Flores. 

Bali,  \  33  1.,  A,  Mt.  Agnng,  1 

10,5o0f.  J 

B  id.ing  B.,  Bukit  pt. 

BeliUng,  It.  F  58f. 

C.  Pasir  


Lombok,  J*  23  ln  Mt.  Kin 
jani,  1 1,8 IOC  

—  Lahuan-Tering  B.. 

—  Pandaman  pt  (C  Banko) 


:} 


Sambawa,  EW  51 

pt,  Tafelberg 

—  Sambawa,  town. 


t, 


SW) 
/ 


Flat  I.,  Maiang  [1  I.],  E  end 
Gulf  of  Saleb,  Rakit  1 ,  pk.  ... 

Setonda  L,  W  pk 

Mt  Taiubont,  9O70f.,  volcano 

Joro  Batu  Pt 

,Bima  Bay,  ffl.  fort    

Sangeang  I.,  ttlSOf.,  pk , 

'Sapch  Pt    

iGili Banca  I.,  [2  I.],  T,pk. ... 

L  euwt-nkop  pt 

Komotio,  or  Mangarei,  NS  1 
7  I,  a,  1 ,  Scuoor.«teen  ...  J 

mores*  Timor,  and  fnmba 
Xelaad*. 

Flores,  E W  67  I.,  Alligator  B. 
Terang  and  Biri  Bajs,  Ban... 

PotU  Rd.,  Potta 

Giliting   

Tower  I.,  EW  1  !.,  1200f.... 

End*  B„  ^,  Aloso  Pt 

Lobetobie,  volcano,  ?120f... 
Floret  Head,  or  Iron  Cape 

Larantuka  Road 

Kambing,  S  entr.  Flores  Silt. 

Adonara,  -Jf-  12  1.,  town    

Solor,  #  9 1.,  S  pt ,  islets  off... 

Komba  I ,  vol*  1 8*K>f.   

Lomblen,  #  12l,Ept 

—  Mt.  Lainararap,  5880f. 

Pantar,  #  Babi  I.,  off  SW  pt 

—  North  Eu»tpt 

Onbay,  EW  17  L,  Dalolo j 

—  Ea  t  pt.,  Leisumbu    


6°  7'    I24°i6' 

5  18     123  35 
i 

5  27     124  21 

I 

6  7     124  37 


S21 

8  49 
8    6 

8  6-5 

8*r 

844 
844 

9  o'5 
8  28 
8  8 
8  38 
8  6 
8  14 
8  14 
827 
8  11 

8  45 
825 
851 

8  45 


S48 

8  20 

8  iS 
8  35 

!53 
852 

8  35 
8  3 
8  18 

8  39 
8  14 
8  36 

7  47 

8  14 
831 
825 
8  10 
8  12 
8  18 


10  23 


Timor,  #  85  L,  SW  or  Oy-  \ 

sinaPt    J 

Koenang,ft  Concordia,  lt.F47f  10    99 

We«fgi  Pt  '  9  33 

Sutranha,  $  t*  9  20 


Gula  I.,  small., 

Lifou,  r,  w  

Atapnpa,  It..... 


9  14 
9  10 
859 


15  31 

15  5 
>5    5 

14  255 

16  27 

16  3 

15  49 

16  44 

17  24 

17  25 
17  58 
17  44 

17  58 

18  29 

18  43 

19  45 
19    8 
19  16 
18  51 

119  22 


19  SO 

20  11 
20  42 
22  16 

20  14 

21  39 

22  48 

22  47 

23  1 

22  51 

23  9 

22  52 

23  3i 
23  54 
23  25 

23  52 

24  14 

24  23 

25  10 

23  29 

23  35 

23  40 

24  5 
24  o 
24  25 
24  50 


too 
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MARITIME  POSITIONS 


(93) 


Place* 


1 

v. 


4 

* 


d 


-J 


LatS 


Dilbi,town,r,Co*tom  ho.,h. 
E  pt,  t '  ra,  Po.  Jackee,  or  1 
Nasa  Be»ie,  sum.  350fc  ...  / 

Kalaeko,  town 

NoyMiniB,  t 

Semao,^  5  1,8  pt 


Botti,  jTu  L,  ml2  U  Cy-\ 
rat  B.  on  SE  Mde,  w,  r/ 

—  Pulo Duia,  off  8  |t 

Pulo  Dau,  \  4m.,  /,  t » N  end 

8aTu,  EW  7  L,  W  C.  Mesara... 

—  East  pt,  L,  (rks.  off)    ... 
Banjoan,  EW  7ro„  8W  pt,  L 
Dana,  or  New  I„   [I   L]t\ 

8;«rt,  120C    / 

8umba  or  Sandalwood  I.,  *V  \ 

24  L,  C.  Lainbnya,  (rkt.)  / 

Palmedo  Road   

Paddeway  B.,  ffl,  [5ra  ]  n,) 

r,  30,  Arif  town  auchge.  / 

E  point  O.  Mandycli   

C.  Blackwood    


Cambing,  or  Passage  I.»  J*  \ 

4  L,  A.  S  pk .,  3273f.  / 

Babi  I.,  turn.  O 

Wetta,  #  19  L,  Sao  to*n,\ 

on  SK  Mde,  $     / 

Gnnong  A  pi,  vole.  1 378f. ...... 

Lneipara,  5  I*.,  N  Id 

Kisaa  I.,  803f..  Pura  landing 
Roma.  [3  I.],  A,  Uwakekee  .. 
Letti  I.,  8erwaru,  Church     ... 


Moaf  \  6  1., 
Pk.,  4100f. 
Lakor,  |3l.l,Al 
Luang,  [1  I.J.  A,  1" 


K,  Buffalo  1 

E  end   

O 

Svnr.abin.  [5  l.J,  W  pt.,  EtoO 
Darama  la.,  NS  51.,  81 17f. 

Kalewatte  Harbour    

Tan,  [3  1.1.  2(K?0f.  H0  UjaniO 

Nila,  [s  l.J.  3898f.  turn 

Scran,  2  In..  [3  I.],  W.  I. .. 
Bird  I.,  or  Po.  Mano,  «80f. 

Wetan,  *  E,  li«of. 

Baba,  w,  P,,  S  pt  3000C  .., 
Masella,  8  pt  839f.  , 


Tenimberlf.,|l0;  Timor  Laut  1 
J*  34  1 ,  8  ind.  JermaU    J 

Selaru,  Woody  ln  small    

Oliliet  Tillage,  413f. , 

l^arat,  %  6  lM  Lamdesar  

Vordate.  J*  2  1.,  *,  Sobiani... 

Sera  I.,  Aba   

Mulu  L,  No*kalbur  

Arm  la.,  NS  35  L,  4  *.r.\ 
P„  S  extr.,  Ennu  L,  lOOf.  ] 

—  SW  limit  Bayn    

—  Po.  Babi,  small..... 

—  N\V  extr.,  Wassir 

—  C.  Watale  Juhong    

—  Dobbo  Harb.,  ffi,  pt 

TJaodo  la-  N  lim Q 


8°33' 

8  26 

9  6 
io    s 

IO  22 

io  52 

IO  58 
IO  48 

10  27 

1037 
1049 

942 

9  *5 
9  37 

10  12 

10  23 


8  18 
8  2 
7  $3 

6  39 


Loa.  E 


I25°36'2 

127  20 

126  12 
124  18 
123  25 

"3  5 

122  55 
122  41 

121  41 

122  o 
121  31 

121  16 
119  o 

119  45 

120  12 

120  51 

20  297 


i*5  35 
i*5  45 
126  24 
126  36 


5  28  I127  29 
8  67127  8 

7  42  {127  20 

8  io-2  127  40*5 


8  12 

8  14 
8  12 
8  11 

7  9 


8  11 


8  o 
8  22 


55 
17 
58 
44 
3* 
6 

48 
55 
3* 
'7 
45 
20 


128  2 
128  13 

12l  32 
128  48 

128  40 

129  7 

129  28 

130  o 
130  18 

*9  33 
1*9  45 
129  51 5 


131  14 

13048 
131  *7 
131  58 
13"  55 

130  56 

131  37 

134  3* 

"34  7 
134  9 
"34  13 
134  32 
134  M 

132  33 


0>4) 


Placet 


Grt  Ki  L,  ^  15  1,    tt 

3000T.,  C.  Borang 

—  Nnja 

-MadnaPt 

Little  Ki  I.,  Ramadan  I.  .. 


—  Ki  Doulan,  rilL,  T ,  w,  r,  1 

b,  ($'3m.  N),pi  r  ...  / 
Nasa  Tello  K,  Fadd  I O 

—  Koorl.,  8pt    O 

Uranl.   

Kdmui  L,  S  pt . 


Matabella  la.,  2  groups,  |.l 

grt,  Kaaiwooi,  S  pt / 

Manovolko  L.Sera. 

Soraaki-Wiaeleat  O 

Goram  L,  [3  L],  NE  pt   

Banda  Is,  5,   W,    or    Po.\ 
Rhan  / 

—  NW  one,  or  Swanji 

—  Banda,  #  6m.,  Fort  Nassau 

—  East  one,  Ruxengain O 

Booro  L,  \  27  L,  P-lpatn  \ 
Pt,  T J 

—  Mt  Tumalin,  8530T... 

Cajeli     B.,    r,  *',    b,  Fort"! 

Defence j 

East  point,  or  Pt  I'ela  

Sooth  pt ,  or  Baton  P  kka  ... 
Amblaw  I.,  [2  1.].  NE  pt.  ... 
Manipa  I.,  A,  (rk.  Ijin.  W),  1 

Rpt,  Lubu / 

Kelang,A,  I  W,Wpt 

Boano,  A,  1,  SW  pt 


Lat8 


Oram,  \  59  U  Pt  Seeal 

—  8awaai  Harb. 

Wahaay  Harb.,    rill.,  w'",\ 

r,  b,  fort  I 

Pasahafi  Pt    

Lama  Pc 

Leo  warden  ahl.,  [2m.],  T ,  £k«. 

Warn  B.,  t',  w,  r,  Bwru  

Po.  Parang,  or  Leawarden  I ,  \ 

Spt     J 

Po.  Madaranjf,  small 

Great  Keffing  [.,  E  pt  O 

Ceram  Laut,  Geaser  L  O 

—  Kon    O 

Amboina  I.,  J*   11  I.f  8W,\ 

orAlangPt,  T J 

Amboina  City,  Fort  Victoria... 

Noessaniva  Pt,  T 

Harukn  1 ,  #  8m.,  SW  pt  \ 

Ialet     / 

Saparual^^  Urn.,  fort  

Nusa  Laut,  \  7m.,  NalabiaB. 


Bowakan 

Hammond's  L,  [3  1.1,  8  pt.  .. 
TaKabu,  EW  18  L,  Lekitobi.. 
Mangola,  1 6  1„  EW  B0,  Lisa- 1 

matulal.,  1164f. j 

VesuTios  B.,  X 

Sola  Be*i,  NS  10  1.,  8  and  1 

Ept.,Ipa.._ j 


s°ir 

42 

J 

347 

40 

*5 

46 

47 


31 

9 

1 

59 
33 
18 
3* 
36 

6 

15 

22*8 
21 

54 
5* 

20-5 

12 

I 

3  33 

*  57 

248 

2  52 

3  o 

*  55 
3  22 

3  *« 

3  37 
3  5' 
3  3 
3  57 

3  47 

3  4I-* 
3  46 

3  38 

3    45 
3  38 

1  54 
1  52 

'  57 

1  50 

158 
a  24 


133°  9' 

132  57 
"32  53 
13*  42 

«3*  45-? 

131  58 

132  o 
131  52 
13"  44 

>3«  38 

•3"  *3 
131  14 
131  26 

129  38 

129  40 

129  53 

130  2 

126     t 

126  2 

127  65 

127  16 
»26  37 
127  17 

127  40 

127  38 
127  51 

127  55 
129  12 

129  29 

129  42 

130  24 

13033 
"3035 

13048 

'30  59 
13047 

130  52 

131  " 

127  57 

128  10-2 
128    6 

128  26 

128  38 
128  46 

123  45 

124  1 
124  27 

126  25 

1*5  50 

126    6 
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(M> 


Placet 


Oby  Latta,  [2  LIS ptf  2400f. 

Goranmo,  850f.,  W  pt  

Po.Gase,[5m.],  T»rks.feE,) 

spt. « / 

Tapa  U  NW  pt 

Bin,  E  pt 

Oby  Major,  %19  I„  SE  pt ,  Wai 
Lookisong  1.,  J*.  3  L,  t »  N  pt. 

Ktkik  I..  A 

Lawin  I.,  A 

Po.  Piaaog,  via.  11  L 

Groareoor  shl ,  [4  m],  if  ... 

Bu  Is.,  f ,  P.  Esplee O 

Grand  Canary,  w,    E    pt,  \ 

NWpt.   / 

Mysole,  EW  14  L,  Lungu 

UasU  L,  8  pt 

Ollote. 

Gilolo,  *fc  67  L,  8E,  or  Cc-\ 
coanutPt | 

Weda  la.,  [3  1.].  E  lim.    ...O 

lyoi,  [5m.J,  S  pt 

Gehv.  %  7  1.,  Port  Fou,  on  \ 
SWside,  ffl,w,r  / 

—  North- West  pt 

Shampee  la.,  3  or  4,  NS  3  L ... 

Canton  Packet  ahL,  if.  

Catherine  Is.,  3, J. 

Arda*tdcr  Islet   - 

Aurora  bk.,  k£   • 

Weda,  Z    

Dilegisa  Pt - 

Po.Moar,  t,t!o 

Wossa,  village,  w,  r,  b  

Pt  Monat   

Pt  Waigamele,  (rka.  1  1.)    ... 

Pt  Salaway,  (rks.  1  I.) 

Watering-place,  N  of  Galelal 

Tiabn  / 

Bisoa  Pt O 

Ran,  [2  I.],  mid. 

Marty,*  21  L,  N  ptn  (rf.),1 
T / 

—  South-  West  pt,  Lints  I.  ... 

Toakara,  N  pt  

Talabn  Pt 

Dyilolo,  town 

Tenia te,J4  6m.,  sum.  51 8of ,  1 

Fort  Orange,  on  E  side...  / 

Tidore,  [2  l.J,  *um.  5900f.    ... 

PottbakkerL,  [2m.],  1160f.... 

Metir,  [3  L],  sum.  2800f. 

W«lf  Efe. 

Makyao,  [5  m.],  sum.  4166L 

Lotta-Latta  Ts ,  Japi 

Grt  Tawally,  #  7  L,  SW\ 

ptw / 

Bati.n,  \  17  L,  K  Selling  1 
I.,  (mid.  of  S  coast)  .../ 

—  Patlang,  Coal  Station   


Lat 


South 

I°2C/ 

i  52 

I  39 

I 

I 

i 


12 

16 
44 
3* 
30 
29 

34 
19 
10 


1  45 

1  53 
1  11 


o  56 
o  40 
o  3 
o  6 

North 
o  2 
o  30 

o  35 
o  41 

045 
043 


18 
*5 

7 
355 

1 

9 
33 


Lon.  E 


«  5i 

2  13 
2  23 

2  44 
«  57 


o  48*0, 
o  40 

o  33 
o  27 

O  12 

o  20 
South 
o  17 

o  29 

o  44 


I27°ICV 

127  33 

128  22 
127  17 

127  37 

128  o 
128  8 
i?S  37 
128  42 

128  53 

129  26 
129  25 

"29  37 
129  42 
128  28 


128  27 

2839 
29  34 

29  21 

29  15 

2843 
2855 
29  5 
29  o 

29  23 

27  52 

28  31 
2855 
28  34 
28  28 
28  38 
28  43 

27  52 

27  55 

28  11 

28  20 
2813 

27  44 
27  22 
27  27 
27  21 

27  25 
27  22 
27  24 

26  53 

27  23 

26  59 

27  3 

27  34 
27  25 


0>6) 


Places 


Tifori,  sum.  587f.  

Mayo,  N  pt  1280f. 

Biarro,  sum.  

Roang,  vol,  2330f. , 

Siao,  pk.,  5924f. 

Makalebc  I„  394f. 

Nennung  Is.,  South  I    O 

Kalama,  |  North  I.,  N  extr.  ... 

S»ngii>  %  8  L»  Taruna  B., ) 

w,r / 

—  North  pt,  Salima 

Louisa  sht  

Hatcock  Is.,  Kabalusa 

—  Mtares,  South  pt 

Anda  I 

Ariaga  L 

Charrucashl 

Iphigenia  rka.,  South  rk 

Nanusa   Is.,  Merampi  Pk.,  1 

666f. / 

Talauer  It.  NS  15  I.,  N  pt.,  \ 
Mamaga J 

—  Nu*aL  

—  8alibabu  I.,  %  5  L,  S\ 

P* J 

—  Kaburuan,    %    3   L,    S I 

Northumberland  ahL,  [2m.] ... 


Eye  I.,  [4m.] 

8yang,    [3m.],   £   w,    SW\ 

P*.I J 

Wyang,  or  Vayag  I*.,    Jfcl 
61.,  NW  extr.,  Laborde  5 

Islet J 

—  SE    extr.,    Lahishe    I.,\ 

[lm.],(rks.SE)    / 

E«n,  or  Ine  Is.,  EW  4m.,  1 

EP* / 

Ornwby  shl.,  T  N,  N  pt 

BuddL,/,  *  © 

Aiu   Is.,  about  20  small,  /,*) 

»,  rfa.  T,  Wirisoi   J 

Ain  Baba,  [3m.]    

Ana  Is.,  3,  A  SWand  small.  \ 

<*    J 

Po  Manuaran,  [2m.],   |  S,  ^ 


Buccleueh  shl. ,  [8m.],  I  ?,  *, 
Waigiu,  KW  22  L,  SE 
or  Pt  PSgot    

—  BoniI.,[jm.],BSW 

Npt   

—  Oftak    Harbour,  ffl,  w,  1 

entr / 

—  NW  pt,  C.  Forrest  , 

Buttons,  [1m.]  , 

Riiib,  NS  6m.,  pk , 

Balabalak,  [2m.]f  W  pt   

Gag  I„  nrm.],  N  pt 

Pigeon  I.,  f.^W  pt    

Battanta,  EW  15  L,  W  pt\ 

C.  Mabo / 

—  Marchesa  Bay,  Toe  Pt   .. 
SalawaUi,  10  1.,  Dady  Pt 


Lat. 


Nrth 


Lon.  K 


»  c/ 

2f 

7 
18 

44 
42 

2 

15 


3  33 


446 

4  34 
4  18 

3  48  5 

3  45 
3  395 
o  22 
o  18 

o  13 

o    5 

o    8 

o  44 
o  27 

o  41 

0  21 

1  O 

O     2 

South 
o  16 

O  21 

o    17 

o    i*8 
o    5 

O  I 
O  2 
O     2 

o  20 
o  397 
o  54 

0495 
o  58 


1260  8' 
126  217 
125  25 
125  22 
125  23 
125  12 
"25  41 
25  27 

125  28 

125  27 
125  18 

25  19 
125  26 

125  38 

126  28*5 
"25  38 

125  455 

127  7 

126  4* 
12643 
126  42 

12649 

26  51 

129  56 

129  55 

*3o  3 

130  15 
130  19 

130  2 
30  51 

>3i  9 

"31  7 

131  15 

130  57 


131  30 

131  I2'0 

131  8 

13043 

130  12 
13°  24 

130  9 
3D  4 

129  55 

130  34  2 
130  25 

130  54*2 
130  38 
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TABLE  10 


MARITIME  POSITIONS 


(W 


Placet 


Brebes  PL,  or  C.  Wilson  ...O 

Threshold  Pi O 

C    Spencer,    or  Foul   Pt,\ 

(rfs.2m.) / 

Sele  PL   

W.  Brother,  or  Pink*  L  

Sabra  PL 

Pisangs    Is.,    Po.    Sebuda,\ 

8W  pt / 

Mac  doer's  Inlet,  Head,  or  1 

E  Urn.  of  the  bay   J 

Tatingar  Pt   

C.  Sapey,  (sum.  3020CX  W\ 

pL(Balk)   / 

C.  Kaffura 

Po.  Adi,  or  Weasels,  *W  8  L,\ 

Wpt.  t / 

Bird  1.,  [|m.]  (Vot*l) 
Lamansiere  Hill,  NW  sum, 

2460f. 

Triton  a,  Fort  Dnbos  .... 

Lakahia  ML,  4564f.  

Charles  Louis  Mta.,  951  Of. 

C.  Bora,  vis.  10  L 

Vlakkt  Pt ... 

Wamnka  R.,  month   O 

C.  Steenboom * 

Snowy     Mountains,    sum. 

14,000f.  

Dourga  Strait,  E  pL 

C.  Valsche,  C  W  pL  of  Fnde-  \ 

rick  Hcnr/L,  /  36  1.).../ 


'} 


St.  Bartholomew  I.   

Deliverance  I.,  small,  if*. 
Ml  Cornwallis,  ris.  9  I. ... 
Bristow  L,  [5m.],  i  *.SE\ 

P*.     ;• J 

Fly  River,  Tree  I 

Aird  Hill,  1260f.    

Blackwood,  PL,  /,*  

ML  Yule,  10,046f. 

C.  Possession , 

Port  Moresby,  Jane  L  

C.Hood 


LaL8 


C.  Rodney,  SE  dl 
DufaureU[l  I.J.  a 
South  Cape,  Suau 


AddeL,[2e,l,t[t]JoW.. 

RosseH.,BW7fUt,  U 
W.  C.  Deliverance J 

Sudest  I.,  Mt.  Ria  2645f.    .. 
Fox,  or  Renard  Is.  t  [4  l.],l 

SL  Aijpiaii  T,'  KW  10  L,  B\ 

pt.,  C.  Henry J 

Deboyne  Is.,  [2  1.  ?],  N  pL  ... 

Bonvouloir  I*.,  E  extr 

La-eine  Is.,  [2  1.],  Dawson  i 


0°40f 
047 

05a 

l  27 

1  47 

2  2 


i3i°57' 
"3"  «7 

131  «5 

13057 
131    6 

131  57 
2  39  5 131  38 


2  10 

2  48 

3  41 

4  7 
4  9 
4  21 
3  44 

3  47 

4  10 

4  9 
4  "2 
4  27 
4  40 
4  50 

4  13 

7  22 

8  22 


8  17 

9  35 
9  25 


133  46 
132    1 

132  4* 
13a  55 

133  *>-5 
"33  36 

134  7 

134  7 
134  45 
136  15 

134  45 

135  >o 

136  15 
13629 

137  7 

138  34 
137  40 


139  28 
"4"  47 
142  3« 


9  9 

841 
7  28 

7  52 

8  14  5 

8  36 

9  «5  5 

10  7 
10  12 
10  29 
10  43*5 


(»8) 


Placet 


143  »4 

"43  36 

144  20 
144  28 
146  46 

146  22 

147  7 
"47  42 

148  22 

149  48 

150  14  2 


II   29 

""    *3  3 

ii  3°* 
10  54 

10  41 

10  405 
10  25 

10  23 


■34*5 

154  177 
153  26 
152  58 

"52  55 

152  23 
152    6 

151  255 


Ooessant  L.  small  

Teste  L,  (Wari),  East  I.  ... 
Moresby  I.,  Fairfax  Pk„  1740!. 
Chiiu  St.,  Samasi  I.  Mission 
Lydia  I.,  (Nuakata),  pk.,  10101. 

Possession  B.  

East  Gape,  Anchor  L,  K  pL... 

D*Entrecaateaux  Is.,  S  pL,\ 
C.  VentenaL  (Is.  S-d.)  ...  J 
Welle  I.,  [2  I.].  E  part,  (rfr.) 
Goodenoutfh  1.,  pk.,  700uf.  ... 

C.  Vogel,  Glen  I 

C.  NeUm    

L  Riche,  Micre  rk 


Poeklington  shl.,  KW  10  L,\ 
ikmSErk J 

Lauflblan  Is..  9,  KW  5m.,  \ 
4  fJowErk / 

Cannae  Hl,  ft,  high  

Woodlark  Is*  ^  13  L,  F,l 

North  point / 

West  Rock 

Yanaba,  Sharp  I O 

Jouvency  I.,  [2ra.]    

Jurien  I.,  [1  L],  mid 

Lsgraadiere  L,  [2  1.].  E  pL . 

Trobriand  Is*  C.  Denis 


Lnsancay  U^  &  rfs.,  EW,  &  J 
others  W-d,  unexplored,  > 
NR  exL,  North  L J 


C.  Cretin,  Cretin  Is.  ..... 

C.  Ring  William    , 

Mount  Disraeli,  ll.OOOt. 
C.  Rigny .. 


Rich  I.,  [II.].  k 

Dampier  I.,  #  5  1.,  ab  5000! 
Vulcan  U  [2  L],  conical,  4000f. 
C.  della  Torre. 


Lesson  I.,  [2m J,  A,  conical  .. 
Blosseville  I.,  [Ira.],  llOOf. .. 
Oarnot  I.,  [3m.],  conical 


Jacquinot  £,  [3m.],  f 

"i\] 

-        JLJ,  ff. 
Victoria  Bay,  IrUrville  I. 


DebloU  L,  [J 
Rowsj  U  [1 


f  f.NpL.. 


DUrville  I„  [3  1.],  pk.  ncaO 

Wend J 

Gilbert  I .   [4m  ],  L  E  pL,  1 

(rf.) J 

Bertrand  L,  M  W,  f  


Torricelli  Mountns ,  W 
41.  iuland  f 

Eyries  Mt*  rery  k,  W  sum.  \ 
3  L  inland   J 

Mt.  Bougainville    

Humboldt  B.,  Obsn.  I 

Cyclop*  ML,  vis.  20  1.,  E  sum. 

PL  Brama.  bill  

Aru  L,  ri  jm.],  2  Is.  Wd.    ... 

Jamna  t,  [lm.] 

Jomi  or  Moa  Is ,  *fc  2  I.,  N  I. 


LaL8 


Lou.  E 


n°  8-6i5i°isr5 
10  58  I151  52 
10  368 151  0-5 
10  368150  397 
10  16  (151  05 
10  34*6 150  42  2 
10  13  2  100  537 

10  107  151  13*5 

9  V   |IS»     3 
9  21  5  150  14 


245 
8  59 

7  59 


150  4 
149  20 
148    95 


10  454155  5" 7 


9  «9 
9  18 


»53  40 
"53  28 


9  35  152  47 
9  16  152  13 
9  29    152  40 

8  45    "5"  45 

151  22 

151  8 

151  4 


839 
824 


823 


6  43 
6  2 
558 
5  29 


49 

40 

5 

5" 

31 
36 

30 

24 

21 

12 


150  48 


■47  53 
147  37 
146  29 

145  58 

146  15 
"45  58 
"45  2 
"44  3i 
"44  48 
"44  34 
"44  35 
"44  24 
"44  9 
"44  3 


16  4  "43  29 
"7  "43  30 


3  »3 
3  "O 

3  «« 

2  50 

2 
2 
2 
2 
2 
1 
1 


"43  "7 
143  "o 

142  IS 

141  15 

140  51 

140  42 1 
140  30 

"39  52 
"39  27 
"39  1* 
13841 


TABLB  10 


59S 


MARITIME  POSITIONS 


(9»> 


Placet 


L«tS 


I 


3 

i 


C.  D'Urvill€.tt,(riT.W-<L?) 

Kurudu  I.,  E  pt     

Jappen  I.v  Ansua  Harbour 

Ntal... 

Ter*chelling  Ia~  E  pt  

Haerlem  Is.f[4.l.]f  W  one 

Pt  Pmiter,  W  pt 

Hoog,  Sooth  pt. 

Angermns  L,  E  pt.    

Meosaai  L  

Job  L  

C.  Oran  Swari 

MefurL,  164f.    

Mysory  Is.,  \  20  L,  A,  E  pt. 

—  Mt  Schoaten.  Kaiori,  1640f. 

—  W  pt.,  C.  Saaredra  

Mioakaroar  I 


Arfrk  Mountain*,  tlSTf.  .... 
Port  Dorei,  Manacwari  L .... 

C.  Maroori , 

C.  Maiami  

C.  Good  Hope 

Mt.  Diceraa,  8m.  i aland    ... 
llispalu  Is.,  Amsterdam  I.   , 

AVSTRAUA, 
Wortb  Coast. 

Duythen  Pt   , 

Pera  HiU  '.  1 

C.  Krerweer  

Van  Dlemen's  Inlet,  w.  entr. 
Norman  R.,  Kiml>erly  Tel.  Stn. 
Albert  R,  Kangaroo  Pt. 
WelMj  Is^N  extr..  rocky  islet 

—  Pisonia  I.,  small  , 

—  E  extr.,  Bountiful  U^  2, 

J4  8m.,  E  pt ^ 

—  8weers  L,  ^  5m.,  *,  w,] 

F,  b,  8  pt,  Inspection  > 

Hill,  105f.  f 

8irEd.Pellew'*Li., 
N  extr.,  a  rk. .. 

—  Vanderlin  I,  %6lnN\ 

pt,  or  C.  Vanderlin  .../ 

—  Wist  I.,  NE  pt 

Maria  L,  #  7m.,  N  pt 

Oroote  Eylan.lt,  NS  1*2  L,\ 

SEpt,  (nn  I.  S5m.)...J 

—  Central  Hill,  vis.  lo  1 

North-East  Is.,  [7m.],  E  extr. 
Bickerton  I.,  [4  1.],  sum.  ...... 

Woodah  I.,  \  4  1.,  8  pt 

Nicols  I.,  [Sin.] 

C.  Shield 

C.  Grey  

Mt  Caledon   

Mt.  Alexander 

C.  Arnhem 

Brumby  Is.,  NE  pt  

GWilberferce   O 

Truant  1.,  small 

Wessel's  Is.,  G.  Weasel,  )80f. 
Aroheim   B»,    entr.,    Malli- } 

son's  I.,  W  pt *•-  J\ 

Brown's  Strait,  Pt.  Dale  


ection  I 


Lon.  E 


!°24' 
I  4* 
I  44 

19 

55 
5 

*4 

5i*5 
3» 
57 
33 

22 
IO 

o  47 
o  38 
o  18 


1  li 

o$4 

o  48 
o  29 
o  19 
o  32 
o  19 


12  34 

12  59 

13  58 
16  58 


I37°47' 
137    * 

135  49 

136  19 

»35  54 
135  5* 

135  40 
135    5 

135  3 
"34  4& 
134  *4 
"34  17 

134  53 

136  45 

135  37 
'35  19 
»3S    3 

133  59 

134  7 
134  s 
133  i* 
132  21 
132  17 
132    90 


141  41 
141  40 
141  34 

141 


17  26*6140  56 

17  35"!  139  49  5 
16  18  139  26 


16  29 
16  39 


139  56 
139  59 


17  82  139  4 J 


15  29 


137  4 


5  34  137  * 


15  32 

14  50 

14  16 

13  57 
13  39 
13  45 
13  34 
13  27 
13  20 
13  o 
12  53 
12  39 
12  165 
11  465 
11  53  I 
11  39 
10  59 


13646 

135  54 

136  58 

■3641 

137  ' 
136  15 
136  13 
136  19 
136  23 
136  42 
«36  33 

136  44 

137  o 
136  42 
136  35 
136  48 
136  45 


12  11     136    t< 
»  36   .136    $ 


(100) 


Places 


Crooodfc  Is.,  North  1 . 

C,  Stewart,  rky. 

Liverpool  Ft,  Haul- round  I 
PL  Cuthbert,  (slils.  3  L  out  |) 
Goutbum   H.f    North  L,  jf  1 

7m„  N  pt   , / 

Pi.  Brogden,  rky.  rt^*„„„... 

DeCourcy  Hd ♦,« 

Mac  Cluer  I.,  *f*  2m.,  N  pt  ... 

New  Year  I.,  small,  w   .... 

Munry  »hL,  [9m.  |,  i\. .„...._ 
Croker  I.,  NS  7   I.,  N   pul 

C.  Croker,  (rk*  NW-d)    / 

Orontes  rf„  [Ira.]*  t  ..,.. 

It  Smith,  [rki.  1m/] 

Pout  EaJtiNOTw.  Gov.  H<>. ... 
Vaslu.ii  Hd.r  (sbL  am,),  VI 

Pt*    - - J 

C.  Don,  130f. 


Lat.S 


Harford  L,  [lm.] 

GreenhiU  I  ,  NS  5ra.t  Wrbb  \ 

PMrf.off) / 

Field  L,  [4m.]   /,  (off  mal 

of  S,  Alligator  R  >,  W  pt/ 

C.  Hotham.  shl.  NH  d . 

Vernon  Is.,  [3  L],  S  side  of\ 

Clarence  Strt,  W  pt / 

Melville  I.,  %  25  lt  E  pt. 

—  PtJahleel , 

—  NaodWpt.C.VanD*  1 

met,/, *s»arty,  (sUL  5ra.) / 
Bathursi  t,  BniLe  Pt  „,„.., 

—  C  Heketin$t „., „*.. 

—  S  extr.,  C.  Itoitreroy    ,.«.». 


Worths  Want  Coaaf. 

Pout   D  ah  win,    Pj  litems  ^ 

ton,  E  extr.  of  Cable  HkJ 
Port  Fatersoii,  ffi,  Baft  Pt^  I 

Oil  E  Mil"     i„ ,.♦,.*.,..  } 

Patvrtcon's  B„  Quail  I,,  wr"  ... 

Pt-  blaie 

Pexon  U,  %  5  L,  N  pk 

C.  Forn\  (rks.  2m.)  

Port  Keats,  ffl,  Tree  Pt  „,♦*, 

C,  Ha jft  (rill*.  -P  A  I.)  

Pt    P^arce,  S5ft|  (arf.  oft)  .., 

Cambridge  G„  Iiacro^e   |.,^ 

%  4m.,  W  ptt6u0f.  ...J 

—  Wyn  ilhum ,,.,,. ** *, 

C.  Diiise^mr,  (rk.  off),  sum  \ 

over.^.., *,.-,i,„.,M,.,/ 

Mt  <'asir;irJn:L.  siHlf  , 

Lesut-ur  l.p  [and  rks.  11]  +14 
C.    I^ibdoiulerry,    (Stewart  1 

Is.,  2Uf.p  and  rks.  Sui  )  .../ 

C.  Talbot    «,.* 

JoDea  L,  lOF.^amallp^iandy,,, 

C  Bnug:Linville  ■*.*,.,..., M 

Tronghton    I  t   2 Of.,  saod  v,  \ 

[rfs.  5ra]    / 

ShlsPt  bks.,  [rioluthtiTk  and  V 
otbrrV|Tun«iptoredtW  lim.  J 

Cftssioi  I.,  am:,  [am.].  rfB.  n 


•4f 

57 
54 

4J5 
aS 

3' 
21 


L»n.  K 


'35°  »' 
«,H  46 
'3*  'S 

'33  30 
133    65 
'3*  57 
133     * 
«33    45 


oai-5132  457 


o  58 


I  7 
r  iS 

I  3i 

1  39 

2  S 
2  3 
2  3 
1  aS 
«  9 
t    8 

1  18 
1  41 

1  5i 


»32  37 
132    6 


"33 
U2 


9 
9? 


13a    o 

131  46 

III  56 

'32    47 

132  21 
131  IS 
131     o 

131  34 

131   iit| 

130  20 

130  16 
129  5S 
129  57 


12  284130  50*5 


12  37 


130  33? 

13a  26-7 
130  11 
130  a 


12  3t 

12  SI 

13  9 

13  28  129  55 

14  1*5129  38 

14   3  |t2£  32  2 
129  2|'5 


14  26 

'4  43 

15  28 

14  42 

14  23 
i3  4* 
1342 


■  -■:■■  I? 

128  ja 
128  13 

127  39 
127  155 

126  547 


13  46  126  45  » 
13  43  2 126  2$ 
13  52 


13  44 

13  3* 
13  SS 


126  11 
126  ijs 

12548 

125  44 


Q9 


594 


TABLE  10 


MAR1TIMK  POSITIONS 


(101) 


Placet 


i 


.a 


Admiralty  Gait;  Port  Wei-\ 
render,  Cryatal  Hd.  / 

C.  Voltaire,  flat  bill.  (Ijm/ i 
inland)    J 

Condillac  I.,  small..*.* 

Montalivet  It^  W  extr.  ahL  ... 

Maret  Is^  (Ha.  W  2  L),  N  pL 

Lamarck  L  ..••••.•••••»••••••••••• 

C.  Pond,  islet  off  —.  ... 

PL  Hardy  

Port  Nelson,  9,  Careening  1 
B.  beach / 

Prince  Regent's  R,  ML  Tra-  \ 
mlgar,  ran / 

Port  George  IV.,*',  w'.b,S 
Ha..  Aagastns  L,  Adien  } 
PL    .~~~~~ -J 

Colbert  L    ~.~ 


Freycinet  m~  W  island  

White  rock  islek*.„~.......... 

Red  L 

Cbampagny    Is.,    />    7nL.n 

Degerai  do.  sum / 

Adele  L,  [rfo  4m.],  8C,  *>0  ... 

Beagle  bk..  [0  5m.],  15f. 

PL  Hall,  sum, 

Doubtful  B„  Raft  PL,  w  

Cockrll'a  Is.,  [2  1.],  W  pL 

Mae  Leay  Is.,  N  extr.  reef. ... 
Calrarvllil^dM.numid.  ... 
wruo  rx.  .........•..»•.••.•••••. *.i 

Hidden  I.,  WpL    

High  1,  [2m.],  290£    

Port  Usborne,  [}m.],  T,  w ... 
King's  Sound,  PL  Torment ... 
-Derby 

—  FitsRoy  R  mo.,  Escape  \ 

Pt.    / 

—  Pt.  Cunningham,  NW  iart 

Skeleton  PL,  w' 

Swan  PL 

C  Lereqoe,  83L,  (an  Ulct  off) 


LaL8 


6 
M 
23 
45 
4S 


LcmlE 


6 
16 

135 
5« 

o 

4 
■3 

19 

3* 
19 
40 

3*5 
46 
54 

3 
57 
14 

SO 

39 
o 

20 


■7  *44 

16  415 
16  31 
16  21 
16  22 


Rowley  this.,  Imperieuse 
ahl.  NS  3  1.,  N.  8aady 
I„8f.  

—  Clarke's  rf.,  or  Minstrel 

•hi.,  N  Sandy  I.,  8f.  ... 

—  Mermaid  shl.,  [3  1.],  pas- 

sage on  E  side    

Scott  rjf  a  lagoon,  N8  6  I , 

T  Wt  I.  saad  and  crl.f 

Sandy  I.,  8f.   

Seringnpatam  if.,  EW  5m.. 

if.,  T.Npt j 

Browse  J.,  [Im.l,  /,  20f. j 

D'Artagsn  .hoal,  id  1 

Corona  shoal,  i  i 

Dry  sand,  10f.,  (Ship  Cartier,  1  ] 

1800)  ], 

Hiberniarf,1810 

Ashmore  shL,  Middle  I | 

Troubadour  (i843),  t 

Coral  bank,  f j 

Lynedoch,  shl.  [\m\  f 1 


17  3* 

17  16 
■7  5 
«4    3 

'3  34 

>4  7 
13  16 
12  26 

12  32 

12    o 

12  15 

9  44 

9  57 

9  54 


25*58' 

25  41*5 

25  38 
2{     6 

57 

2 


*5    4 


24  34 
2442 


3« 

19 

»3*?l 


24  10 
23  14 

23  30 

24  21 
24  26 
«4  4 
23  39 
23  18 

23  4 
23  27 
23  20 

23  30 
23  35 
23  39 

23  34 

23  7 
23    o 

23    i'7 
22  555 


118  51 

119  21 

119  38 

121  49 

122  3 

"23  33*5 

120  38 
,118  40 

12338 

123  24 

l2i    4 

128  28 

129  27 
13040 


(102) 


Places 


C.  Borda „...• 

Beagle  R,  N  Hd.  

Laorpede  Is.,  W  one,  [snd\ 

rks.3L].15fnsand  / 

C  Baskervillc 

PL  Coulomb,  rf.  In. 

C  Bailees,  sandy  

PL  Gantbeaome 

C  Villaret,  150t    

C.  Latoacbe  TreriBe,  250£   ... 

C  Boasut,  Casurina  rt 

C.  Jaubert,  45£ ...... 

ML  Blase,  SOf. 

Amphinome  shls^  outer  B 

Bed.<it   L,  20L,    rf.   8W,  1 

CM / 

Turtle  I- SSL.  [* 
Port  Headland, 


,  [im.J.  rf..  i 
d,  Hunt  PL  , 


C.  Tbouia,  rf.  N 

Gengraphe  shK,  2,  N  W  one, ) 

[>".]  J 

Depoch  I.,  w^,  514f.    

Ptwt  Waleott,  (Tien  Titinl 
Hr.),  Cossack, k  F97f.on  I 
Jarmau  L   J 

Port  Robinson,  Dixon  L   

Legendre  L,  55L,  **-  8m.,  1 
NWpt   / 

DampieVs  Archipelago,   &S 
10 1„  Rosemary  U  [3m.J, 
Wsum.  ?50f. J 

Hampton  Urn  Channel  L 

C.  Preston 

Montebello  R,  N8  4  L,  |0,\ 
Ritchie  rf.  / 

—  Tremouille  It*  *>,  W*,  b,  \ 

fl.giu'et.Jlf. f 

—  Try»l  rkx,  NS  4au,  N\ 

extr. / 

Barrow  I.,  +  4  L,  F,  (rf  \ 
16m.  from  S  and),  C.  J 
Dnpoy J 

Fortescue  R.  mouth 

Rwily  i.,  21f. 

Ashburton  R,  (Onslow),  \ 
mouth / 

N  Muiron  L,  pk.  70C    

NWCapa ^ .. 


Wast  (toast. 

Exmonth  Gulf,  B.  of  ResL\ 
NpL    / 

Pt.  Cloates 

C.  Fsrquhar,  aand»  / 

C.  Curier,  400L,  1.  rock\ 
off    / 

Bernier  U  +  4  L,  Koksl  ~ 
Id.  off  NpL  ~./° 

Dorre  1^  J*  6  L,  1 ,  T  .(DamO 
pier's  rf.  8  4m.),  8  pL,or  [ 
C.  8L  Crieq    J 

Gaseoyne  Rd.,Gascoyne  R, ) 
/ 


LatS 


Loa.  R 


i6°40/ 
16  50 

16  50 

17  9 
17  21 

17  38 

17  58 

18  19 

18  28 

1843 

18  58 

19  59  5 
'9  43 

"9  35 

19  54 

20  l8'2 


20  205 
20  16 

20384 

I 
20  39  1 

20  38 
20  21 

20  29 

20  39  8 
20  50 

20  18 
20  28 
2035 
20  40 

20  59  8' 

21  18-5 

21  407 

21  37    I 
ai  46  5 


22  15 

22  43 

23  35 

24  13 

24  44 

25  17 
24  53*5 


W43' 
22  32 

22    8 

22  16-5 

22  IO 

22  IO 

22  II 

22    4'5 

21    51  5 

21  37 

21    365 

19  3s 

19  19 

19    6 

18  55 
«8  357 

18  13 

17  55*5 
■7  44*5 

17  13? 

17    3? 
16  51 

1636 

16  42 
16  12  5 

15  23 

15  35 
15  27 

15  27 

16  6 
«4  59  5 
14  56? 

14  23 
14  10 


"4    7*? 

113  41 

«3  39  5 
113  *3 

113  10 
"3    4 

"3  395 
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(103) 


Places 


Shark  B.v  Dirk  Hartogs  LA 
*13  L,  l,Npt,orC.I 
Inscription,  W  extr.  off 
Australia J 

—  Cape  Peron,  66f. 

—  BabaB. 

St  epPt 

Gantheaume  B.  Red  Pt  

Hootman  rks.,  ^  16  L,  $',  1 

ww,,,  b,   rt  North    I„  \ 

JH*.) J 

—  Wallabi  grp  .Evening rf.,i 

(Middle  Channel  8  of ) 
do.),  Spt   J 

—  North- East  rf.,  [4m.]  

—  Easter  grp„  [3  1. 1,  (Zee- 1 

wyk  Chan.  8  of  do.),  > 
Rati..  Npt  J 

—  Snapper  bk.t  [2m.],  I  .... 

—  Pelsart  grp ,   EW  4    I, 


:} 


SW  part,  Wreck  Ft. 

Mt  Fairfax,  603f. 

Wizard  Pk.,  640f. 

Champion  B,  (Geraldton),  \ 

Moore  Pt.f  It.  R I  lOf. / 

Pun  Dongara,  or  Denison,i 

lr.  F,  Leander  Pt  beacon  / 

Mt.  Peron,  (3  1.  inland)    

Mt.  Lesueur,  (do.) 

C.  l*e»ichenhaaU 

Rottenest  L,    #  5£m.,   It.  1 

R211f.    / 

Frebmantlb,  Scott's  Jetty 
Swan  R.,  Perth,  Gov.  House.. 
Garden  I.,*fe  54m.,  NW  pt.. 

Coventry  rk.  

Peel 

C.  BooTard 

Koombanah  R.  w,lt  F  117  .. 

Busselton,  It  F  63£  

Naturalist*,  f?.v  [Jin.],  if. 

C.  Naturalise 
Geographe££, 


•out*  Coast. 

C.  Leeuwin,  (rks.  2 1.  out)  ... 

Low  Black  Pt   

Pt  I?Entrecasteaux,  1 ,  via.  \ 
10U(Id.,/,rk.,*jr3m.S)j 

White  topped  rks. 

C.  Chatham, vis  10  L,  (Islets  \ 

»> • / 

Pt.  Nuyts.  vis.  8  1 

W  Cape  Howe,  1 

Eclipse  Is.,  [1  1.]  _.... 

Maude  rf.,  0£o   

Bald  Hd.,  vis.  12  I..  8  pt 

Bnaksea  L,  It,  F  384f. 

King  George's  Sound,  w,  b,"| 
Princess  Harb.,  B,  New  \ 
Govt  buildings J 

Mt  Gardner,  sura..... 

Bald  I.,  I,  3m.,  (rk.  8  lm.) ... 

Sealer's  ledge ♦ 

Haul  off  rk. 

C.  Knob, 


Lat.  8     Loo.  E 


25°29'4II2°58' 


25  30-5113  30 

26  40-5  113  40 
26    8  5  113    85 

114  10-5 


27  42 

28  18 


2*  33 
28  25 


28  42 
28  59 


»3  35 


«3  4« 

113  50 
2842-5113  475 

114  1 

„     "3  58 

28  454  1 14  417 
28  297,114  470 

28  47-1 114  35 

29  17  1 114  552 


30  7 

30  13 

31  iS 


115  9 
115  10 
»5  30 


o-3»5  3P? 


32 

32  33  > 
3i  574i 
32  89 
32  22 
32  27 

32  34 

33  19 
33  38 
33  15 

33  32 

34  20 


15  445 
15  5"? 
15  395 
"5  3o 
15  44 
15  40 
15  39 
15  21 

14  55 
1458 
14  54 


34  21 

34  25 

34  52 

35  4 

35  2 

35  5 
35  9 
35  '2 
35  '3 
35  7 
35  4 

35  2-2 

35  o 

34  55 

35  10 
34  43 
34  3i 


115  6 

115  29 

116  1 
116  13 

116  28 

116  38 

117  40 

ii7  53 

117  56 

118  1 
118  3 

"7  54 

118  8 

118  27 
118  27 

118  40 

119  14 


(104) 


Places 


.Lat  8  Lon.  E 


Pt  Hood,  (Doubtful  U,\ 
8m.  E-d.)  / 

East  Mt.  Barren,  vis.  14  L  ... 

Seals'  Is.,  (rks.  N),  I 

Rocky  islets    M 

Esperance  B.v  W  pt,  Ob-1 
serv.  I.,  small / 

C.  Le  Grand,  (islets  off)  

Lucky  B. 

West  grp*  SWst  L,  [2m.]  ... 

8W,  or  outer  danger 

Mondrain  I*  NS  3|m.,  vis.  \ 

10  1.,  3,  8  sum.  / 

8  extr.  of  Archip.,  Termina- ) 

tionL,  [lm.].  vis.  9  1.  .../ 

Twin  rks.,  [rfs.  2uu,  T]  

Draper's  I.,  [im.] 

Twin  pks.,  vis.  9  L,  (pks.  \ 

Af  *m.)   / 

A  break  at  times,  SW  one    ... 

Douglas  Is.,  [Int.] 

Middle  I.,  £  4io.„  b,  w0,\ 

SWsura / 

C.  Arid.,  rky.,  SE  pt  

C.  Farley,  sum.  l|m.  inland... 
Pt  Malcolm,  J,  sandy  (rE.\ 

J-  3m.),  rk.    / 

SE  Islesjl  1]*  mid. 

Pollock  rf ,  [lm.],  0,  T    

Round  I.,  small 

Eastern  grp.,  NS  3  1„  8  extr. 


Pt  Culver,  1 

Pt  Dover 

Low  sandy  pt 

Hd.  of  Grt  Australian  bight... 
Nuyts  r?s.,  outer  detached  ... 
Fowler  B.,  Port  Eyre  Tele-  \ 

graph  Office    J 

Pt.  Bell,  /   

Purdies  Is.,  J*  5m,  wof  f0,\ 

S  I.,  83f. / 

Smoky  B.,  Laura  B 

Is.  of  St  Francis,  NS  2  L,  \ 

w^  f0.  Hart  L,  65f.    J 

Yatala  rf. M 

Pt  Brown  

Streaky  B.,  Port  Blanche 


Olive  I.,  [ljm  ],82f.,rfs.  N... 
C.  Bauer,  l,  W  pt 


Pt.  Wesrall,  1 

C.  Radstock,  1 

Pt  Weyland,  1,  Venus  Hr.. 
Waldegrave  1 ,  120f.,  W  extr. 

Waterloo  B.,  8E  pt  

Flinders  I.,  #  7m.,  N  pt  205f. 

Ward's  Is.,  16?f. 

Pearson's  Is.,  NS  2  L,  2  pks.,  \ 

8I.460f. ../ 

Pt  Drummond,  1 

Coffin's  B.,  Pt.  Sir  Isaac   

—  Port  Douglas,  Coffin  Hd.  \ 

Station J 

Greenly  Is.,  [1 1.1  pk.  755f.... 
Whidbey  Is.,  [2  CI.  W  grp.,1 

«62f,  4  hammocks,  S  extr.  / 


34°24' 

33  57 

34  6 
34  5 

33  56 

34  I 
34  o 

34  3 
34  21 

34  >o 

34  3o 

34  24 
34  13 

34  I 

34  t8 
34  10 

34  8 

33  56 

33  48 

34  20 
34  34 
34  5 
33  5* 

32  55 
32  3"  5 
32  22 

31  29 

32  9 

3i  597 

32  13 

32  17 

32  I4'5 

32  39 

32  39 
32  33 
32  48 
32  44 
32  44 

32  55 

33  125 
33   *5 
33  36 
33  39*3 
33  4i 

33  45 

34  00 

34  9 
34  26 

34  37 

34  39 

34  47 


•19° 34' 

'9  59 
20  28 

20  53 

21  46 

22  4 
22  14 

21  31 

21  41 

22  14 

21  58 

22  12 

22  30 

22  47 

22  53 

23  6 

23  8 

23  13 
23  28 

23  42 
23  28 
23  30 

23  5o 

24  4 

24  305 

25  3« 

26  28 

31  10 

32  7 

32  267 

33  82 
33  14? 
33  49 
33  85 

32  35 

33  5" 

34  «J? 

33  58 

34  4 
34  3*5 
34  20 
34  375 
34  46 
34  5*  5 
34  3« 
34  16-5 

34  14 

35  H 
35  12 
35  *8-2 

34  47 

35  «5 


606 
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MARITIMK  POSITIONS 


<»©«) 


CImm 


* 

O 


I 


Rocky  1st,  small,  /.........«•.. 

8tu»rt  rf. 

C.  Wiles,  1    

Liguanea  L,  J*  2m .  if.  8-d  . 
C.  Catastrophe,  8  pt  1    .... 


WilhWs  L,  rim.]    

Neptune  I*,  (  8  C  120f. 

Gambler's  Is..  8  pt,  peaked  rka 

Dangerous  rf. • 

C.  Donnington   

Port  Uncoln,  ffl.  w,  Cbnrch... 

Pt  Bolingbroke,  /,  1     

Sir  Joe.  Banks  grp^  8  extr.,1 
8rickneY  I.,  lOOf.  ....../ 

— Wincebyl.,33f.,Npt  

8outh  B.,  Shipping  place 

Franklin  Harbour - 

Pt  Lowly,  It  Fl  57£..... 

Port  Augusta,  fl.  it   

Mt  Brown,  ab,  3174f.  

Geraein,  It  on  pier  F  ......... 

Port  Pirie,  jetty 

Port  Bronghton,  jetty   •..—... 

Pt  Riley,  1   

Wallaroo,  pier.  It  F  23f  

Tipara  R,  (Moonta).  It   

Pt  Pearce,  Wardang  L 

Port  Victoria.  Wanraltee,  It  F 
Port  Minlacowie 
Fort  Turton,  jetty 

Corny  Ft,  0,  It.  F  98f. 

C.  8pencer,  8at  «>f  3  pt«.,  258f. 

Althurpe  bn  It  Fl.  350f.  

Port  Mooroaie 


LetS 


.......... ...i 


Tronbridge,  It  R  81C   

Edithburgh,  It  F  

Port  Vincent,  8orrejor  Pt  ... 
Port  Alfred,  Kooley  Worta  ... 

Androeaan,  It  F 

Port  Wakefield,  It  F 

Post  Adslaidm,  Snapper \ 

Pr.  / 

Adelaide,  town  haU  

Mi.  Lofty,  2330f.   

Glentlg,lt  F  29f. —-.... 

Port  Noarlunga,  jettr  

Port  Wilranga.  S  jetty  

C  Jenris,  A,  It  F    

Kangaroo  L,  EW  28  1.,  N\ 

pt,  Pt  Marsden / 

C.  Borda,  It  R  510X 

—  SW  ejttr.,  C  Conedie,  95f. 

—  Pelorma  rk.,  40f. 

—  C  Wfflougl.by, It  B247f..., 

Port  Victor,  Harb.  Master's! 

boose  J 

Murray  R.,  Goolwa Jetty 

C  BeroouUlUC.Ja4ra),lt  Rl 

lOOf^Afltndy / 

Kobe,  a  Dombey,  obelisk,  76f. 
Riroli  B.,  Penguin  L,  S  pt.  ... 
W.Cape  Banks,  sandy, It  R"| 

92f. / 

C.  Northumberland,  It  R  160£ 


34°49' 
34  49  5 

34  57 

35  o 
35  59 

35  17 
35  20-5 
35  « 
34  49 
34  435 
34  43  3 
34  33 

34  41 
34  20/2 
34  23 
33  44 
33  o 
32  *9 7 

32  307 

33  2 
33  10*5 
33  36 
33  53 

33  555 

34  3 
34  30 

33  *9  * 

34  51 
34  565 

34  54 

35  '8*5 
35  23 
35  7 


Loo.  E 


I34°43' 
■35  22 
135  4i 

135  37 

136  o 


136 

"36 
135 
'35 
136 

136 

■36 
«35 
136 
137 
•37 
13* 
137 
138 
"37 
'37 
137 
«37 
"37 
'37 
■37 
137 
'37 
«36 
136 
'37 


58*5 

7 

30 

'2'5 

595 
5'5 

4 

16-5 

'7*5 
55  5 
57'2 
47? 

45  7 

1 

59? 
1 

56 

37? 

34 

'9  5 
29 
277 
21 
05 
53 
5'5 
3'5 


35  7*5  '37  497 
35  55137  45 
34  47  '37  5'7 
34  37  4  '37  53*?. 
34  26  137  55  5 
34  12   J138    87 

34  46*138  307 

34  562 138  357 
34  59'2    " 
34  59 


'38  42  5 

'38  3*5 

35    9^'38  28 


35  '6'4 

35  37 


«38  275 
138    6 


35  345. '37  38 

35  4571^6  35? 

36  45  136  422 
36  73 '37  3«5 
35  5'     'J8    8 


35  34  "38  375 

35  312  138  47"2 

36  57    |'39  40 

37  10  2  139  44  7 

37  31    1140    1 -J 

37  54*5  '40  23 

38  4*2   140  40 


doe) 


Places 


Glenelg  It,  entrance 

C.  Bridgewater,  1,  44l£ 

C.  Nelson,  l,ltF250t  

Portland  B.,  Lanrence  rk. 

Percy  I„  [Un.],  1.  153f. 

P.  Fairy,  (Bellas!),  Griffith  \ 

L,H  F,FL4IC  / 

Lady  B*  (Warrnambool),  I 

Middle  I.,  (Its.  F  lOOf.  and  J 

87f.) J 

C.  Otwar,  A,  i.  It  R  300f.  ... 

ApiJlo  Bar.  A,  It  F   

Loattit    Bay,    Mt    Saint   \ 

George,  657f.  ( 

Poar  Phillip,  Melbourne,') 

New  OntBRVAioaT J 

—  Pt  Lonsdale,  It  F  54f. 

C.  Schank,  It  F,  FL  328f. 


Phillip  L,  **  10m.,  w„  W\ 
pt,  Pt  Grant J 

C.  Liptrap,  i,  pt 

Gl  nuie  Isn  NS  3m.,  456f,\ 
o  pt.. ••••••.« ••••••••••••••.•• ) 

a.fti 

S  pt  of  Australia,  W»ls»n,s\ 

Promontory,  1 ,  It  F  342f.  / 

Mt  Wilson,  235o£..... 


Strait. 

King  I.,  N8  35n*,  N  pt.\ 

C.  Wicknam  It  F  280f.  / 

—  8  Pt.,  /,  C.  Stoke. 


—  Harbinger  rka.  2,  J*  2m.,  \ 

|  it  outer,  or8W  rk....J 

—  New  Tear  Is.,  w,  NW  rk... 

—  Carrie  Hr.,  It  Fl  150f. 

Rrid  As.,  [3m.],  NW,  25f. ... 

Bell  rf.,  lot,  S  end    

Black  Pyramid,  240f. 

Redondo,  rk.,  1,  U30f.   

Moncoanr  I&*  small,  £  extr. ... 

CrocodileS 

Curtis    L,    [2m.],    1060f.,  \ 

(Sugar  loaf,  S  3m.)    J 

Devil  Tower,  *-,  350fc 


Hogan  L.  [Um.],  430£ 

Judgment  rk. 

Pyramid,  300f.    

Kent  1^  3.  >  6|m^  Deal  U  \ 
w„b,lt  R957C J 

Wright  rk.,  small,  200f. 

EodenToor  i?^  Beagle  ff.,1 
and  Craggy  U  ^  8mn  8  I 
pt.,  or  Craggy  L    J 

Sisters,  2,  >  7m^  NB  one.') 

snm.  636f. / 

Flinders    I.,   **    38m.,   Wl 
pt,  or  C.  Frankland, ...  / 

—  8treleski  plu^  2,  «t  8  part,  \ 
2650fc  / 

—  Babel   Is.,    off    E   aide,) 
sum.    J 

Hammock  L,  ^  6mn  Low  I 
Furaeaux  Is.  off  8  pt    ..,/ 


Let  8 


Lou.  E 


38°  37  '40°59r5 
38  22    141  24 
38  26   I141  ^j 
38  24*141  405 
38  252 142    0-5 

fi  23-8JI42  15 


38  243''42  28-5 

38  5'7i'43  3i 
38  457  143  4i 

38  33?  '43  57 

37  49-9,144  585 

38  17-7  '44  37 
38  297,144  53*2 


38  3'*6 

38  55 

39  7 
39  10 
39    8 


'45    7 
'45  56 
146  15  5 
146  20 
146  25  5 


39    3  5 '4*  24  5 


39  356 

'43  57 

40  10 

«43  56 

39  34 

'43  52 

39  40 

"43  49 

39  56 

'43  5« 

40  15 

'44  *o 

40  24 

'44  5 

40  28 

144  21 

39  '4 

146  23  5 

39  14 

'46  34 

39  215 

146  305 

39285 

146  39 

39  23 
39  '3 
39  30 
39  49 

39  30 

39  35 

39  41 


39  39 

39  52 

40  12 

39  58 


«46  47 
'47  ' 
147  10 
'47  16 

'47  '9 

'47  32 

'47  42 


»47  591 
'47  46 
148    6 
148  2l-$ 


40    7    '47  44$ 
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MARITIME   POSITION8 


(107) 


Place* 


$ 


1 


Goose  L,  [14m  ],  w,  S  pt,\ 
U.F100C    / 

Barren  I..  EW  23ra.,  Ml] 
Mnnro,  on  NW  part,  } 
2800f.  J 

Preservation  I.f  j4 • 

CUrke  L.  J*  8m  ,  S  pt 

Look-out  rk..  (SWofdo)   ... 

Moriarty  bk.,  8E  pt 


Lat.8 


40°i9' 


40  224 

40  29 
40  35 
40  33 
40  36 


TAIMAWUL 


G  Grim,  1,  M*.    

Went  Pt,  sandy 

Mt  Norfdk 

Mt.  Heemskerk,  ris.  10 1 

Macquarrie  Harb.,   CD*  bar"! 

*£,  t»  w,  f,  entr.  L    J 

C.  8orelt  A  rky.  pt    

Pt  Hibbe,  0  2m 

Rocky  Pt,  a  rf. 

Mt  de  Witt,  via.  12  I    

Port  Davey,  ffl.  w,  b,  pyra-  \ 

midal  rkn  entr.  / 

Snjarloaf  rk*. 

8ou'.h-west  a,  lOOOf.,  l  


South  a 

Maatsuyker    Is.v    J*    7mn"l 

8W,  or  Needle  rk / 

Mewstone,  A,  rugged,  |  N 

Pedra    Blanca,  (Eddy stone  \ 

lm.E).J0 / 

Sidmouth  rk.,  [|e.]    

Ruriok  rE.  

Recherche  B.,  2  ffl,  w,  b,) 

Sport / 

HuonR.,  Swan  Port,  9.  *,... 

Actaxrar?.  

Bruny,  Id„  J*  9  L,  S  pt.,  or\ 
Tasman's  Hd.,  1 / 

—  SW  pt,  or  C.  Bruny,  It  1 

R335f.    / 

—  Fluted  Ope  

Hobaatox,  S,  Fort  Mul 

OOAVB 

Storm  B*  C.  Raoul 

Port  Arthur,  ffl,  w,  ?,  Se  ) 

maphore J 

C  Pillar,  1 ,  Tasman's  L,  off 

do*  vis.  12  L 


:} 


••••••«.. 


5 


HippoUte  rlt,  70t 

Maria  I.,  NS  4  L,   Oyster) 
B.,  wwof  W  side,  t  ...J 

—  Pyramid,  off  S  pt 

—  Sum.  at  N  end,  3500f. 

C  Bougainville 

Schouten's  I.,  %  6m.,  8  islet  off 

C  Degerando 

St  Patrick's  Head 

Eddystone  Pt,  It  F.FL  132f. 
Mt  Cameron,  (8  L  inland  of\ 

do.),  1730f. / 

Black  rf.,  rijm.] 

8wm!i,  [3m.],90f.|  w„  lt\ 

at  B  pt,  B  lOOf. /  J40  ** 


40  40 

40  57 

41  28 
4i  54 

42  ii*6 
42  li 

42  38 

43  o 
43  «o 
43  20 

43  25 
43  35 

43  39 

43  41 

43  445 

43  515 

43  47*5 
43  59 

43  34 

43  14 
43  34 

43  3« 

43  287 
43  22 

42  53*4 

43  13 
43  9*' 

43  14 

43  6 
42  40 

42  45 
42  37 
42  30 
42  21 
42  16 
41  34 
40  59 

40  59 
40  50 


Lon.  E 


147°48' 
148  7-5 

i«8  4 

148  10 
148  75 
48  17 


144  407 
144  38 ' 

144  57 

145  10 

145  '35 
145  10 
145  15 
M5  30 
145  50 

145  55 

145  56 

146  1 

146  53 
146  11 
146  23 

146  59*5 

U7  7 

147  42 

146  54 

■47  5 

146  59 

147  192 

147  * 
147  24 

47  20'5 
147  47 
147  5°7 

48  2 


148  2 

148  2 

148  3 
148  7'5 
148  o 
148  18 

■«!  '2 

148 18 

148  20 

147  0 

148  16 

148    8 


(108) 


Places 


C  Portland 

Waterhouse  t,  J*  2lm.,  f ,  $  1 

SEi,Npt / 

Ninth  L,  small  

Mt.  Arthur,  5  1.  inland,  4300f. 

Tenth  L,  small  

Port  l>aIryinpi*,ffl,LowHd.,\ 

It  R  142f.   / 

Flinders  Pt 

Kmu  Bay,  NW,  or  BlaokO 

man  Pt  / 

Valentine  Pk.,  7  1.  inland,  I 

4000f.  / 

TaMe  Cape,  It.  F  3*0f. 

Rocky  Cape,  sum.  2m.  in-\ 

land,  lOOOX,  (a  rk.  2m.). .  / 
Circular  Hd„  1,  485f.  N  pt... 

Walker  U  NS  3m.,  N  pt 

Three  Hummock  I.,  J*  7m.,  \ 

w,  SWside / 

Ilunur  I.,  NS  13<n.,  300f.,  \ 

*  ,  *,  t  E,  Npr / 

North  Muck  rk. 

Albatross  1.,  £lm.J,  125f.  sum. 


AUSTBAUA, 
Bavst  Ceaat. 


Lat  8 


40°44' 
4046 

40  50 

41  16 


K 


I47°57'7 
147  3^ 

U7  17  7 

*47  17 


40  56  2 147    o 

41  34"46  482 


41 

41 


41  22 

40  56  7 

40  53 

4043 
40  35 

40  26*5 

40  24 

40  29 
40  22 


C.  Wellington 

Corn  r  Inlet,  03.  entr.  S  pt  ... 

—  Alberton,  town 

Is.  to  SE-d.,  *fc  5m.,  E.  or  1 

Cliffy  Ult  Kl  180f. / 

Gabol.,  [ljm].  It.  F  179f.... 

C.Howe,  4    Tt  islet  close) 

off   / 

C.  Green,  4*.,  It  Fl.  U4l. 

Twofold  B.,  Eden,ffl,  b,  w„\ 

RedPt„lt  Fl26f. / 

Mt.  Dromedary,  2706f. 

Montague  I„  [2m.],  $,  W,  \ 

rky.,hF,Fl.250C / 

Pt.  Upright,  1  

Ulladulla.  Warden  Head,  It  Y 
C.  St  George,  It  alt  224 C  ... 

Jervis  B.,  Corranbean    

Kiama,  It  F   

Wollongong,  It  F  56f.  

Botany  Bay,  w,  $„  N  pt\ 

entr.,C.  Banks,  I80T. J 

Port  Jackson,  ffl,  It  elec-\ 

tric,R344f.    / 

Stdnet,   Fort  Macquarik* 

Observatory   

Broken  B.,  SB,  Baranju  Hd.,\ 

It.  F370f.   / 

Catherine  HiU  B^  Coaling  \ 

jetty / 

Newcastle,  Nobby  H6% It  U5f. 
Pt  Stephen's,  T,  It.  R  126f. 

Broughton  Is.,  E  pt 

Sugarloaf  Pt,  It.  Rev.  258f. 

C.  Hawke,  pk.,  777t 

Three  Brothers,  1700£,  N  one 

Port  Macquarie,  entr 

Smoky  C 


146  44 
»45  57 

"45  45 

«45  457 

145  3i 

»45  »7 
"44  55 

144  51 ° 

144  48 

144  39 
144  397 


39  4 
38  47 
3840 

38  57 

37  34'2 

37  302 
37  15  5 
37    4 
36  187 
36  152 

35  387 
35  22  2. 
35  9 
35  3 
34  40-5: 
34  255 
34    OS 

33  5»'2 

33  51-5 

33  517 

33  347 

33 

32  55*2| 
32  45 
32  37  5 
32  265 

32  13 
3'  40 
31  25 
3056 


146  29 
146  28 
146  42 

146  42 
149  55 

149  587 

150  3 

149  547 

150  P2 
I50   13  ? 

150  195 
150  302 

150  46  5 
150  407 
iy>  522 

150  55 

151  «5 

I$I   17  3 

151    I30 

151  12  5 
51  20 

9-41151  383 

151  48-3 
152 125 

152  31 
152  33 
152  35 
152  47 

152  57 

153  ^ 
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(109) 


Places 


!N.  8oiitaryL. 
Icitrrncc  R„  entr- lt. 


as 


C.  Byron,  E  pt.  of  Australia 


Ml  Warning 

Fingal  Pt,  It.  F  80f. 

Pt  Lookout,  ?60f. 

G.  Mount*,  N  part  of  Id,! 
(rkt  +  4m.),  lt.  R  382r .  / 

Brisbane  R,  Lyttoo  I,hs 

Mt  Arthur,  16*0f. 

DoebleI.,pt,It  R315f. 


Grt  8endy  I,  J*  S3  I.,  El 
pt,  or  Iadiaii  Head    .../ 

—  N  anf  E  pt,  Sandy  Cape,  ~ 

w  7m,  It  R400f.  

—  Shis,  off  N  pt.  Break- 

sea8pit,  T 

Maryborough  R,  Woody  I., 

pk.,  lt  F215f. ......  J 

Burnett  R,  h.  F  371 


it  Comet. 

Bustard  Hd,  lt  F.  FL  330C... 

Lady  FJiott  I.  It  Fl.  60C 

Mast-Head  UK  t  t  •  80f. 

Capricorn  grp.,  V  NW  L,\ 
(rfs.E),  f,60f. / 

—  North  rf.,  lt  F,  Fl.  72f.    ... 

Port  Curtis.  (Gladstone).  ffl,l 
Facing  I,  *,  8m,  Gat-  V 
combe  Hd.f  li.  F  66f. J 

CL  Capricorn,  Its.  R  and  F. . 

Keppel  Is.,  Barren  I.,  548f. . 

Rockhampton 


a  inert  on  ..«».....».....«.»...««..« 

Flat  I.,  I75f.  

C.  ManifoM,  islet,  260f 

Port  Buwen,   ffl,  w,  OI«n.\ 

C.  Townshend,  N  eitr,  5001 

High  Double  Ml.,  2545f.  

Thirsty  8d,  Pier  Hd.,  334f. ... 

Turn  I,  ^80f. 

8t    Lawrence    Creek,  (Stl 

Lawrence).  &  Red  Bluff.  / 
Northumberland  Is.,  E  one,  I 

or  High  PL,7l8f. / 

Percy  Is.,  *,  7  L,  ltF,Fl.\ 
180f. / 

—  Beverly  Is.,  t ,  Hull  I,272f. 

—  Prndboe  I,  *  2m,  1074f. 

West  Hill  I,  983f. 

C  Palmerston,  (w  q-  10m.)... 
Pioneer  R.,  (Mackay),  Flat- \ 

top  I,  It  F  174f.    / 

SUdePt 

C.  Hillsborough,  1,  996f 

Sir  Jas.  8mith's  grp.,  Linne  1 

Pk.,  9261    / 

Repulse  Is.,  N.  I.  pk,  2 65f.  ... 

C.  Conway,  pk.  1637f.    

Cumberland  Is.,  %  26  1. 

8  and  E  one.  Snare  Pk, 

800f. ^ 


.t,l 


Lat8     Lon.E 


29°55'5  >53°*4' 
29  26    153  24 

28  37*  »53  39 


28  23-1 
28  1 1*2 

27  26   , 

27    23' 

27  247 
26  175 
*5  5° 
25    o 

24425 

2425 

25  18 

24  45 


153  «7 

"53  34 
153  33 

«53  28 

■53  10 

152  50 

■53  12 

153  22 

153  12-5 

153  12 

»5*  58*5 
152  245 


ji 


5«  46 
52  45  5 
"5"  45 


23  32 

23  16    151  44 

23  10*8151  56 

23  53   J51  327 

23  29*5  "5"  14 
23  9*5  >5>  5 
23  24   ji5o  32 

23.  7*5  ■So  42 
22  44   |i5i    o 

22  41    1150  52 

23  317  150  47 

23    13    '150  30 

23  327  150  1 8-5 

22  6515O     3 

21  59    149  49 

23  17     149  37 

21  57    "5°  42 


21  39   , 
21  375 

31    19 
21   494 
31   31  5 

21    95 

21      3 
20  54 

1 
20  40 

30  357' 
20  31     I 


I50  14 

■49  53 
■49  42 
■49  3o*7 
■49  3« 

"49  ■* 

■49  «5 
■49    3 

149  12 

■48  54 

■48  54*5 


ai    5  7, 149567 


(HO) 


Places 


Cumberland  Is,  Bailey  I., 
120f.    

—  Shaw's  Pk„N  part  of  L, 

[4m.].  I324f. 

—  Kenedy  Sd,  Brush  L,  62f. 

Dent  I,  k.  Rev.  120f.  

Whitsunday  I.,  pk.  1426f....... 

Haymaa  L,  N  pt,  844f.    ...... 

Port  Molle  S'  Hd„  225t  

Mt  Dryander,  2690T.    

Gloucester  Head.  1555f.   

Port  Denison,  Obey.  Pt,  Wl 

side  of  Stone  L J 

Nares  rk,  26f.    ••••..•• 

Holborne  I,  [lm.],  360f. 

Mt  Abbott,  £41  Of. 

C.  Upstart,(sum.  15IOf  ),)  _ 

»Wpt,(w-»  lm.).../® 
C.  Bowling  Green,  It  R  7 Of.... 

C.  Cleri-land,  lt  R  206f.  

TowNSTiixn  Pilot  Flao-\ 

statf j 

Mt.  Eliot,  3980f. 

Magnetic  L,  [5m.].  1628f.    ... 

—  Bar  rk,  lt  F  96f. 

Palm  Is,  b,  w,  large  one,  *fe  \ 

8m.,  I890C,  SE  pt / 

Hincbinhrook   L,    Pt  Hil-\ 
lock,  270X  J 

—  Mt  Bowen,  3650f.    

—  C.  Sandwich,  rks.  2m. ...... 

Cardwell 

Rockingham  B.,  G00W   I.,\ 

[2m.],w'"W,sum.l375f./ 

Dunk  1.,  \  3m. 

Doable  Pt,  rks.  SE  5m.   ...... 

Flyingfish  Pt,  Its  F..... 

Frunkland  Is., *fe  4m,  Sand  \ 

EL,  220f.  .. J 

Fita  Roy  I.,   [2m.],  w,  b,\ 

NEpk.,  860f.,  $yW J 

C  Grafton,  I273f. 

Cairns  Landing-place,  Its.  F... 
Green  I,  [andrfs.3m.],  90f— . 

Port  Douglas,  lt  Rct.  82f. 

Low  Is.,  It  R  65f. 

Snapper  I,  [Ijm.],  wof  8E\ 

pt,  350f. / 

Arcber  Pt,  lt  F  220t  

C.  Tribulation    

Emdbatouu  Rm  Cooktown  \ 

Pilot  Staiion,  It  F  570L.../ 

Turtle  rf,  [3m.],  f,  N  pt 

C.  Bedfbrd,  818f,   1,  (shL\ 

lm.)    / 

C.  Flsttery,  2  pks,  863t,  pt... 

Iiiard  I,  [am.],1167f. 

Eagle  I,  Cl«n.].4  »,  (AL1 

S-d.)    / 

Lookout  Pt 

Coles*  Is,  A  *,  NE  est 

Howiek's  grp,  V  SE  sum. ... 

Noble  I,  [lm.],  rky,  h 

C.  Bowen ......... 

Pt  Barrow,  rky 


Lata 


210  i 
20  28 


Lewi.  E 


20 

29 

20 

22 

20 

16 

20 

2 

20 

■9 

20 

■5 

1958 

20 

2*2 

19  464 

■9  43* 

20 

5*5 

9  42*3^ 

9  19  5 

9  if*. 

9  «5-54 


9  29 
9    85! 

9    7*2 

8  455 

825 
8  207 

!,35l 

8  145 

8    9-5 

7  57  I 
7  39  3 
7  30  2 

7  137 

6  55  7 

6 
6 
6 
6 
6 


52 

46 

29*3 

23 

6  177 


5  36 
6 


45    2 

4'4|»45  30 


5  275 

5  24 

5  ^5 

4  59 
4  40 

4  42 

4  50 
4  33 
4  324 
4  30-5 
4  31 

4  23  5 


49°  34' 

49     6 

49     4 
48  57 
[48  5S  5 
[48  54 
[48  52 

148  34*5 
[48  27 

48  165 

[48  22 
[48  22 
147  44'5 
47  45 
47  26 
47  ■ 

46  50-0 

46  58  5 
46  49  J 
46  45  5 
4642 

46  23 

46  17? 
46  20 
46  3 
46  1 1-5 

46  11 

46  10*5 
46  6? 

46  7 

46  I 

45  57 

45  48 

46  o 
45  29 
45  35 

45  3i 


45  «5  ? 

45  27 
45  23 

45  23 

45  3o 

45  247 

45  157 

44  57 

45  1-5 

44  48-5 
44  42  5 
42 
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(HO 


Placet 


^ 


a  Melville,  (4iL  *{-  2 Jm.)  ... 
Pipon  Ian  [2ro/|,  tJ,N  pt.... 
Clack's  I.,  small,  A,  rk.,  l  ... 
Flinders  grp.,  %2L,  99-lfn1 

N  pt  C.  Flinders  / 

Jaoe*s  Tableland,  abt.  lOOOf. 

A  dry  sand,  [l|»n.]  

Low  Wood*  I.,  [liu.]  

C.  Sidmouth 

C  Direction,  rf.  2m 

C.  Weymouth,  He**i»nitiou  | 

L,  l.pk.  446f.,  W  pt,J,} 

*.  f  J 

Fair  Cape,  rf.  2m 

Forbes  Is.,  sum.  »40f.    

C.  Grenville,  E  pt 

Conical  fill    

Sir  Ch.  Hardy's  U^  [8m.],  1 

ww^  N  one,  320f. J 

Cockburn  rf„  CockSurn  L,  1 

300f.    J 

Bird  Is.,/,  t,  West  I 

Orfordness,       Pudding-pan  1 

Hill,403f.   J 

Cairnrross  I.,  f,93f. „ 

Busby  L 

Arnold  I.,  o,30f. 

ShaiweU  Pk.,  245fc    

Z  Reef,  beacon  

Grt  Albany  Is.,  Ulrica  Pt  ... 
Mount    Adolphus   Is.,  Mt  \ 

Adolphus,  548£ j 

North  Brother  

N.  extr.of  Australia.  C.  York  \ 

I.,  small,  rky.,  283f„  1 ...  J 
C.  Yobk,  Sextant  ml. 


I 


Barrier  Boots. 

8  limit  of  Grt  Barrier  rfc.,1 

Swain's  rfs. J 

Hixsou  Cay 

NK  lim.   

Flinders,  rfs.,  S  extr. 

H**rald*s  Surprise   

Endeavour  opening 

Lark  Pa>s    

First    Three  mile   opening, ) 

Nptofrf.,  T     ( 

Second  Three-mile  opening,  1 

(rf.  in  mid. ),  pi.  to E-d., T  / 
Cook  entr.,  (1770),  Provi-\ 

dential  Chan J 

Southern,  small,  Dm.] 

Northern,  small,  [lm.J 

Black  rks.,  K  pt    

Yule's  rf„  [1  L  J,  E  edge,  T  ... 

Nimrod's  entr.,  [3c] 

Stead's  entr.,  [im.]    ..... 

Grt  Detached  rf.,  NS  4  L,\ 

Eextr. / 

—  South-east  pt    

Ratne  I.,  ^t  1  Jm.,  (entrance),  ^ 

<*-,  ww  beac.  60C   ....J 

Pandora  entr.,  [2m.]..... 

Olindaeotr. 

Yules'  opening,  n,  [lot],  1 

(currant  1)  J 


LatS 


ic/ 
6'5 
47 
8 


Lon.  E 


14  29 
14  8 
«3  40 
13  25 
12  51 

12  37  5 

12  25 
12    16     I 

»  57  5 
11  503 

«  547, 
11  503 
11  46 
11  197 

11  145 

«i  I5'5| 

11  03 

11  o-  I 

12  49  3 
1045 

10  38 

10  42  3. 
10  41  2 
•o  41  7, 


22  23*2 

22  20 
21  5 
«7  55 
17  20 

15  42 
15  7 
13  265 

13    5 

12  39 

12  40-5 
12  25 
12  125 

11  58 

12  6 
11  55 
11  44  5 
11  51 
11  36 
11  265 
:i  145 

IO  2^ 


44°33'5 
44  34 
44  175 
44  162 

44  10 
44  2-5 
43  43 
43  37*2 
43  34 

43  27*5 

43  17 
43  24 
43  13*2 
43  1*7 
43  285 

43  l«7 

43  47 

42  48 

42  55 
42  535 
42  59  2 
42  44 
42  43 
42  37*2 

42  39*2 

42  40 

42  31*5 

42  32-7 


52  36 

5241 

52  52 
48  3i 
48  28 

45  48  5 
45  45 
44  o 

43  54 

43  49 

43  So-5 
43  48 
43  55 
43  58 
43  47 
43  49 
6 


(112) 


Places 


5 

I'? 

O 

5 
143  55*5 


Fly  entrance,  20,  [|m.] ......... 

Cumberland  entrance    

Murrny  Is.,  [4m.],  grt  one,! 

f,pk.  700f.   j 

Fliuders'entr.,  Jfc  4m.,  S  pt,\ 

T  •••••••••••••••••••••••••••••• J 


Islands      and 
Bastward  of  Australia. 

Ball's  Pyramid,  1810/. 

Lord  Howe  I.,  2834f..  w'  ...... 

Scringapatam    and     Eliza- 1 

l»etli  ff,  mid.  / 

Middleton  3-  

A  rock 

Cnpcl  bk.,  99    

F«  rriers*  bk.,  vt,  fi$9  

Cato  bk.,  0 

Wreck 

Cnto, 

Eastern 

Inland, 
Sir  James  Saumares  bksn\ 

[3  leagues],  SW  Cay J 

Frederick,     shoal,      (ship,\ 

•812)  J 

Kcnn  rf,  ^  t  miles,  Iow,\ 

T,«    / 

Booby  shoal,  NW  extreme  ... 

Mid.  Bvllona  

Bellona  shl.,  NW 

Bellona  shl.,  8    

jjoii  s  rxs.  »»»♦»...«».»».....««..» 
Bampton  shl.,  [17  leagues],"! 

South-West    part    Avon  ) 

Island*,  2,  [2  miles],  /,  f  J 

Bampton  L,  171 

Reward  1 ,  20f.    

Mellub  Cays,  [4  1.].  mid. 

Libou  shoaL  [15  1.],  E  lira.  ? 
Tergrosse  Islets,  2,  rfs.,  W  pt 
Corioga  shl.,  Id.  10f„  rfs.,\ 

CbiTcottI / 

Bougainville  shls.,  2, 1,  NS\ 

6  1.,  Npt? / 

0*prcy  shl.,  ^  10m-»  S  pt  ... 

Torres  Straits. 

Possession  I.f  #  3m.,  rky^l 
♦  o*  wwo»  centre    / 

Double  I.,  [4m.],  2l8f.  N  sum. 

Prince  of  Wats'  L,  5  M 
Heath  It  J 

—  8  pt,orC.  Cornwall 

Wallis  It,  shl.,  N  one,  60f.   ... 

ThorsdayL,  Vivien  Pt,fl.  st 

Goode  1.,  It.  F  345ft 

Booby  L,  [Jm.],  30f„  *,\  ^ 
^.r,ww0,MPostOffice,,J  9 

Proudibotahl.,  i»  It.  vcs.  occ. 

Eastern  Fields,  [7 1.},  E  end,  o 

Boot  rf.,  NS  4  t,  (sbls.\ 

SE-dandSWd^Npt.../ 

PorUock  rf.,  N  limit 


Let  S  Lon.  E 


r 


io°  if  1 144' 
9  52*5  144 

9  55  144  1 
9  35 


22  10 


21  51 
21  1 

21  15 

20  57 

21  24  3 

20  477 

21  47*3 

21  O 

19  33 

19  8 
19  13*5 
17  25 

17  10 

17  43 

16  50 

«5  3« 

13  5o 


10  5 

10  27 
10  357 

10  46 

10  51 
1035 
10  337 

10  36 

10  32 

10  5 

9  58 
9  28 


144  10 


3i  45 
3i  3i  5 

159  15? 
159  5 

29  56 

159  4 

29  28 

24  0 

25  15 
23  23 
23  14 

159  4 

160  15 
159  18 
155  32 
155  33 

155  28 


153  30 

154  23 

15549 

158  31 

158  52 

158  27*? 

159  34 

160  36 

158  16 

15830 
158  557 
155  53 
152  12 
150  42 

149  57 

147  7 
146  34 


142  19 
142  26 
142  11 

142  10 
142  1 
142  12 
142  8-2 

141  54* 
141  22 

145  45 
144  40 
144  S3 
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(113) 


Place* 


EmC  Cay 

Anchor   Cay,    (8    lim.    of\ 

Bligh'senrr.) J 

Bramble  Cay.  sandbk.,  12f„\ 

*r,  (Blk.rks.  ,f-3m.)  .../ 
Darnley  I.,  or  Erooh,  (at  Wl 

edge  of  if*-    #    llm),  J 

ww^  P-f  bill  61Uf. J 

Nepean  L 

Stephen's  L,  i,  £  

Pearce  Cay 

Dalryrople  I 

Rennel  I.,  Tillage   

York*  Is.,  2.  W  Id ,  village  ... 

Arden  L 

Aurevd  L,  ▼ilbge  

Half-way  L  and  rfa,,  -f>  4m., "\ 

NWpt    f 

Cocoa-Nut  L.  2,  [4m- J,  El 

Dora  l!"  ."*.* 

Dungenese  rt,  S  pi.  

Dungeneei  L,  BW  4mn  W\ 

pt J 

Warrior  I.,  [l}m.],  at  S  ptl 

of  Warrior  rf.    J 

Turtle-backed  I.,  268f.,  f  ... 
Long    I.,  *g-  4m.,    «,  rfa."\ 

E-d,  Wpt / 

Gabba  I.,  Brothers,  hills,  h  ... 

Poll  rk 

Harvey  rk*.    


.8     LottE 


9°*4' 
9  22 

9  35  3 


9  45 
9  53 
9  58 
6 


10 


10 


4 

10  o 
10    45 

9  5» 

948 

9  54 
10    2 

9  45 
in  16 
IO  19 


440  12' 
44    6 

43  5« 

43  45 

43  39 

'43  3* 
43  >6 
43  18 
'43  «5 
143  25 
'43  9 
43  16  5 

43  ■; 


10  10 


ML  Eraeat,  807f.    10  155 

North  Possession  1 10    52 

Banks    I.,    Mt     Augustus,  \  ' 

1310C  J 

Mulgrare  I.»  peak,  686f.    

Duncan  I*.,  Whale  I.,  N  pk. .. 

Jenrisl.,  [2l.],525f.     

Cook  heet* 

Alert  R**f,[J«.] 


•••••••••••< 


Farewell  8pit  bush  end  pt,\ 

It  Rer.  120C J 

C  Farewell    *... 

Mount  Olympus,  5400f. 

Rorks  Pt    ...... 

a  Foulwind,  It  R  I90£    

Grey  R,  Its.  F.  

Hokitika  R,  It.  F  122C 

Abut  Hd.,  eitr. 

MtCook.  13,S49f. 

Cascade  PL,  N  extr. 

Milford     So*,     Freshwater  \ 

basin    / 

Pembroke  Pk.,  6710f • 

George  Sound,  Anchorage  \ 

Core,  N  aide / 

Thompson     Sound,     Deas\ 

Cove,  hd. / 

Breaksea  Id.,  NRpL 

Fire  Fingers  Pt,  Dusky  B. ... 


8 


10  15  < 

9  5* 
10  23 

9  52 


6'5 


1 


42  56  5 
42  53 

4*  57 
42  45*5 
42  487 

4»  37 
42  49 
42  40 

42  282 
42  19 

42  19 

42    82 

42    37 
42  10 

4i  33 
4038 


40  33  3>73  * 
40  30  172  42 
40  52    172  35 

40  58    172    45 

41  455 171  287 

42  26    171  13 


42  42 

43  7 

43  33  5 

44  o 

44  49  3 
44  35 

44  55'3 

45  117 
45  347 


170  59 
170  17 
170  122 
168  24 

i*7  557 
167  54 
167  267 

166  582 
166387 


45  44-2,166  28 


(114) 


Places 


S 


* 


West  Gape 

Chalky  I.,  (8  cntr.  of  Dark! 

Cloud  inlet).  N  pt / 

Pujsegur  PL,  It  Ft  I80f. 

Sandhill  Pt    

8olander  Id,  [lm.]t  llOOt  ... 

Black  rk.  Pt  —~„ 

Mt  Anglem  320<»f.   

Codfish  !.,  \  3ni„  NW  rocks 
Ernest  I.,  W  head  of  Mason  B 

Wedge  L.  -f-  1m.,  cenL    

8W  Cape 

Port  Pegasus,  cove  abreast  \ 

Anchorage  island  J 

Wreck  flU  [Jm.]    

Port   Adventure,    Entrance  1 

I-Bpt  J 

Paterson  Inlet  Glory  Cove,  hd. 

North  Trap,  *.  2lraM  5f ,  E  pt 
South  Trap.  jf.  KS  2m.,  S  pt 
Snares,  f  1  L],  470fn  *r,  W  U 


Centre  I„  It  F  265f. 

Awarna,  Bluff  Hr.,  Starling  1 

Pt,lt  FSOf. j 

Roapuke  I.  (group  J*  10m.),  \ 

Npt / 

Slope  PL 

Nnggett  PL,  lL  FSSOt  ....~... 

Saddle  Hill 

C.  Saunders,  lL  Rct.  210f.  ... 
Taeri  I.,  [4m  ],  no.  of  T.  riv. 
Otsgo  Hai k,  Tairoa  Hd-  It  F 
Whalers'  Home  Pt^Merangi,  \ 

It.  F  I70f.    / 

C.  Wanbrow,  Oamarn,  It  F ... 

Waitangi  B^  ma  

Timaru,  It  F  85t  

Banks*  Pininanla,  Akaroa^ 
Harb^B,Whead,ltFLl 
2 7 or.   ....*•....«•..•..••. .j 

—  East  point 

Port  Cooper,  B,  LytL  Cost) 

ho.   / 

Christchunh * 

Table  Id.     

Huranni  R. * 

Kaikora  Penins^  E  pt 

Kaikora  Range,  sum.  97uOt 

Ben  More.  4S60f. * 

C.  Campbell,  It  R  IMC 

Wairau  It,  It  F38f. 

Port  Underwood,  E  head  ... 


Brothers,  It  Ft  258f....- 

'  .  «iaCKSOn  ........a..*......—.... 

Ste^iena  I.,  [lm.]    

D'Urville  I.,  Port    Hardy,  \ 

E  arm,  Wooding  Pt ...  / 

—  Grerille  Harb^  8  head    ... 

Current  Basin,  Croat  Pt  

Neboo,  It  F  60f.    

Astrolabe  rd.,  AdeleL,  NE  pt 

Separation  Pt    ••• 

Clifton, anchorage  ............ 


Let  8  I  Lon.  E 


45°  54' 

45  59 

46  10 
46  16 
4636 

46  4i*5 
46  45 
46  46 

46  57 

47  i3'5 
47-7    I 

47  11  7 

47    6 

47    47 

46  5*5 

47  222 

47  33 

48  7 

46  28 
46  37 

46  45 

46  41 
46  272 
45  55 

45  53 

46  4 
45  47 

45  24 

45  7 
44  55 
44  23 

43  54 

43  46 
43  36  7 
43  3» 


i66°26' 
166  357 
166  38 


167 
166 


23 

55 


4 

II 

I 
55 


43 
42 
42 
42 
41 
41  44 

41  y> 
41  21 

41  6 
41  o 
40  40 


'67  537 

in  57 
"67  377 

167   *2      I 
I67    21  5| 

j'67  jo    I 

167  417 

168  18 
168  142 
168  10*7 

166  55-2 

■67  53 

166  29 

167  5* 

168  23 

16833 

"69    3 

169  5« 

170  22 
170  46 

170  15 
17045 
'7o  53 

171  1 
171  12 

171  18 

«73    © 

173    9 

172  44? 

172  37 

173  § 
173  »» 

■73  44 

173  4« 

174  2 
174  «*? 

174  5 
174    « 

174  27 
174  20 

174    I 


40  46  6 173  55 


40  50  1*73  48 

40  563 173  527 

41  i5-6;i73  17 
40  5*9  «73    5  ? 
4047    173    2 
40  50  {172  52 


*  JVitffeJM  mmrUd  thus  *n  frvtuionul 
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MARITIME  POSITIONS 


<»«> 


Pbcet 


3 


t 


Kapiti  L,  J*  5nu  tan.  1780f. 

Man*  I„  (off  Poriraa  Harb.),  \ 

£  l|m.,sam.  NW  pt  .../ 

0.  Terawiti,  extr. 


Port  Nicholson,  9,  Bait  or\ 
Pencarrow  Hd.,  It  F  420f.  / 
WaixmoTON,  Pirns*  Pr.  ... 

—  BIO0KTCoOIttOBSKBTATOBT 

Taoarakira  Hd„extr 

C.  Palliser,  extr.    

Flat  Rock,  extr - 

Castle  Pt.f  extr.. ••••.•••. •••••••. 

C.  Tornagain,  E  extr.   

C  Kidnappers,  extr. 

Ahuriri  Uoad  (Napier)  Bluff  I 

ltF160f.   / 

Mania  Peninsula,  Table  Cape 
Portland  L,  S  extr.,  It.  R  300f. 

Poverty  Bn  GUborne  It  F 

Ariel  rks.,  centre,  *   

Gable  end  Foreland,  white  gab. 
Tolago  B„  Motu  Hcka  islet...1 

Open  B.,  N  pt   

Mt.  Hikurangi,  5535f. * 

East  Cape  islet,  420f.    .-.* 


Matakawm  Pt    ..« 
C.  Runaway,  extr. 

Waikana  Pt ♦ 

Mt  Edgecumbe,  E  sum.  S575£ 

White  L,863f.   

Tanranga  Harb^    ffl.    Mt  1 
Monganui,  entr.,  E  side ...  / 

Motiti  I.,  J*  3m.,  N  pi 

Mayor  I.9  [3m.],  lliof. 

Tairua  R 

Mercury  B.,  Oyster  R.  mo. ... 
Alderman  Is^  him.].  E  or  outer 
Red  Mercury  1,  [l$m.].  E  pt 
Great  Mercury  I.,  ^  4in.,  N  pt 
Richard's  rk. 


Cuvier  l,  [I  to.],  sum 

Channel  I.  (Tmhntpo),  270f.... 

CColrffle 

Coromandel    Harbour,    B,1 

Juhuia  I. J 

Rit.  Thames,  Grahamstown,  1 

It  F / 

Pauhenehe  spit,  It  F  50f. 

Bean  rocks,  It  F  fiOf.   

Auckland,  S,  Depot  Pt  ...0 
Tin  Tiri  I.,  It  FSOOf.  on  SE  pt 
Kawau  B„  Fish  Pt,  £  entr. 
Great  Barrier  L,  2330,  J*  71.,  1 

8  pt  C.  Barrier / 

—  Port  FitsRoy,  W  pt  of  Ei 

side f 

—  Wellington  Hd., 


—  Id.  off  N  end,  N  or  AiO 
guides  Pt   *•..•..••.— / 

Rom  rk -. 

Simpson  rk.    ••••••.. 

Mokou  Hinoa  II,  J*  Urn.,! 
It  F  3851    / 

Rodney  Pt  ••••*• 

Bream  Tail 

Moro  Tiri  Is.,  EW  5m.,  E  pt 


LatS 


Lon.  E 


40052'   i74°S5 
41    S817448 


4i  ir* 


174  38? 


41  22*0174  520 


41  16  5 
41  18 
41  26 

4i  375 
41  15 
40  54-5 
40  295 

39  38 

39  287 

39  6 
39  18 
3841 
38  44 
38  32 
38  20-8 
37  58 
37  53 
37  40 


37  3^-4 


36  486 

37  8 

36 

36 

£ 
36 

36 

36 

36 

36 

36 
36 

35 

$ 

35 


54 
50 

SV 

38 

27*0 

22 

120 
10 

2 

«5 

1 

57 

17 

3 
54 


174  47 
174  4*7 

174  56 

175  «7 
"75  585 

176  14? 

176  385 

177  8 

176  57 

178  1 
«77  53 
178  3 
178  185 
178  18 
178  212 
178  23 
178  3 
17836 

178  21 

178  1 

177  46 

176  45 

177  12 

176  11 

176  25 
176  15 

175  54 

175  48 

176  7 
175  59 
175  49 
175  58 

75  48 
175  21 
175  22 

175  25*5 

175  33 

175  12 
174  52 
174  49H 
174  56  J 

174  485 

175  33 
175  22-5 
•75  "• 
175  27 

■75  13 

175    9 

175    9 

174  5' 
174  37 
«74  49 


016) 


Places 


u: 


C.  Tewara.  or  Bream  Hd, 
Wangari  Harb.,  SB*  Passage  L 

Tutukaka  Harb ,  N  head  

Poor  Knights'  Is.,  N  one,  630f. 
Wangararu  Harb..  Grove  Pt. 
Waimangaroa  pt.  It  F.  on  ) 

wharf. ♦/ 

C.  Brett,  ( W  hd.  of  B.  of  Is  ) 
Port  Rwsel,  wharf,   It  F  20f. 

C.Wiwiki  * 

Cavalli  Is.,  great,  NE  extr  ... 

Stephenson  1.,  NW  pt  

Wangaroa  Harb.,  Peach  I.  ... 
Flat  Hd.,  (E.  hd.  of  Doubt- \ 

lessR) •/ 

Mongonui  Harb.,  White's  Pt 

CL  Karakara,  extr. 

Parenga-renga  Harb.,  coal  pt 

North  Cape,  islet  

C.  Rtinga • 

C.  Maria  Van  Diemen,  islet  "| 

ltRer.  330f.  J 

Three  Kings,  295f,  NE  one.  \ 

NE  pt / 

Reef  Pt,W.ent  of  Ahaipara  B. 

Herekino,  8  pt  

Hokianga  R.,  entr.  fl.  st  

Monganni  Bluff,  2040f.,  bluff 
Kaipara  Harb.,  B,  shls.  1 1.\ 

outN.  entr.  It  Fl  278f..../ 
Manukau  Harb.,  SB,  South  I 

H<L,ltF  385*1 / 

Waikato  R.,  Marat  ai  VilL 

Whaingaroa  Harb.,  S  entr.  pt 

Karehoa  Mt,  2370f.     * 

Gannet  let,  summit,  70f. 

AoteaHarb.,  entr.,  N  hd.  ... 
Ka  Whia  Harb..  ffl.  S  hd. 

Albatross  Pt.,  N  extr.  

TeruaPt    

Mokau  R.,  entr. 

Raleigh,  It  F. 

New  Plymouth,  It  F  lOOf. 

C.  Egmont,  extr..  It  F  103f. 

Mt  Egmont,  8270f.   

Patea  R.t  Carlyle,  It  F  130f. 

WaitotaraPt  * 

R.  Wanganui,  N  or  Castle  \ 

diff,ltF  65f. / 

R.  Manawatu,  N  It  F  44t  ... 


Lat  S 


Lon.  E 


35°5*' 

35  H 

35  38 

35  29 
35  23  3 
35 19 

35 10 
35 16 
35  9 

3*    2 

3458 

35    17 

34  55 

35  o-3! 
34  47*3; 
34  307| 
34  25 
34  26 

34  28-5 
34  63 


35  11  ! 
35  "82 
35  32*  1 

35  463 

36  243 

37  3 

37  243 
37  465 
37  5o 
37  57 

37  59 

38  4*9 
38  62 
3823 

38  425 

39  o 
39  3*6 

39  17 
39  18 
39  47 
39  52 

39  57 

40  272 


74°37' 
74  315 
74  340 
74  45 
74  22? 

74  8 
74  21 
74  8 

74  107 
73  58" 
73  475 

75  467 

73  35 

73  335 
73  25? 
73  17 
73  45 
72  41 

72  387 

72  97 

73  5 
73  11 
73  23 

73  347 

74  7 
74  33  2 

74  47*? 
74  53? 
74  5i 
74  35 
74  49 
74  49 
74  43  5 
74  40 
74  387 
74  15" 
74  2 

73  46 

74  5 
74  31 

74  44 

75  1 
75  147 


*  ftoitioiu  marked  tku  mre  protitionaL 
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017) 


Placet 


MUTS    9JLCTT1C 


Bishop  and  Clerk  

Macquarrie  I.,  NS  12  I,  N  pr. 

Jadge  and  Clerk 

Campbell    1.    [31.],  1867fn\ 

South  hartw,  Slioal  pt    .../ 

Auckland  It.,  N8  8  l.,8.C.  2000f. 

West  extreme 

Disapp*  intment  L,  [I  L]  ... 

C.  Beonet   

Sarah's  Bosom,  Terror  Core 

Brirtowa,! 

Auti|>odcs  1..  Depot,  1320f... 
Bounty  Is.,  EW  3Jhl,  290f. 


Chatham  Is.,  Whart»Kauri,'| 
*fe  20  1.,  8.  isl.,  Tarakoi-  \ 
koU  Pyramid.  566f.  J 

—  Rangianria, Pitt  i„  J*  7m  ,S 

f,  Moutapo  pt.   (rks.  * 
2m.),  79 If. J 

—  Great  I.,  #  is  Lv  8  pt.  \ 

Pt.  Ereque J 

—  Port  Waitangi,  w,  Pt\ 

Hanson   J 

—  S  extr„  Wakuru  L  (if.  1 

2m.),  Ept / 

—  Beriier  rk.,  150f.,  [2m.], \ 

W  pt j 

—  North-west  reef,  extr.  pt... 

latent*  •*?  Ooaa*  «*7 
Soot*  Am«rtesu 

Joan  Feranndei  I.,  3000fn"| 
#41.,  Cumberland  B.  Fort  / 

—  a  pt.,  Sta.  Clara  I.,  EW  2m. 
Masainera  I.,  6023f. 


8t  Ambrose  L,  1512f.,  W\ 
rock  (St.  Felix,  472f.)  .../ 

Bala  y  Gomes,  rks.  [Jm.],1 

▼is.  15m 

Easter   L  ^  4  L,   I767f. 

Peronse  PL,  Cook's  Bay 


■I 


Ducie  L,  J*  tin.,  14f.,  NE  pt 
Elisabeth  1.,  V  5m.,  NE  pt.. 
Pitcairn  L,  **-  2m-,  lOOOf. ~ 
Adamstown    ........ 

Oeno  I.  [2jm.],  II  pt 


rw... 


Low  Arcnlpelago, 

Disappointment     Is^    2,\  A 

Wjrtoohe  I.,  8K  pt /e 

—  Tctopoto,  Otoohoo  h e 

Clermont  Tonnerrc  L(/?eoo),  1 
or  Minerra,  *fc  10m.,  8E  pt.  / 


Lat.  8 


55°  18' 
54  40 
54  19 


East 
I58°56' 
15856 
159  10 


5*  33  4 169 

5056 
50  50 

So  37 
50  51 

50325 
50  26 
49  39 
47  43 


S-7 


44  *> 


44  14 


166  4 
"65  57 
166  o 
166  15 
166  12*5 
166  18 

178  50 

179  o 


We«t 
176  17 


176  II 


44    8517635 


43  57 

43  44 

43  5« 
43  31 


33  37*6 

33  45 
33  455 


26  21 


26  277 


*76  31 
176  10 

175  48 

176  S3 


7*  53 
79  2 
8045 


79  59 


105  28 


27  10    109  26 

24  403124  48 

24  21*3128  19 

25  3^[i30    8 
24    1  3 13041 


14  12 
14  6 
18  34 


141    12 

141  24 
136  20 


(H8) 


Placet 


cVrle  I.  (PiOordU),  *W  7«u,\ 
8Ept J 

Narcissus,  or  Clerk©  L\,~ 
(  TotatoM),  E  end /  u 

Ptelpriatie  L  (fofamf),! 
•£■  4m.,  centra / 

Araktefaeeff    JL     {Amgatm)f\ 

#  .5m.  centre I 

Crescent  L  (Turn*),  +  3m., \ 

Spt / 

Portland  reef  ••*•••»•••..•••••.••• 
Gambier  Is.  {Manga  /fena),*} 

#  6  L,  rft,  B.  w,  Flgstt  I 
13l5f. J 

Lord  Hood    I.    (Mar*t+,)\ 

OUWpt.  / 

aria  I.  (MoerenAul)  [4m.]... 
Actsatt  Is.,  3  [5  l.](Jv<rte-\ 

m  Potass,  Melbourne  /.)/ 
Carvsfort  I.  (Tmrtia,  Papa-\ 

**»*),  +  7m.,  NE  pt.  ...J 
Barrow    L    (Vtmm    Va»a\\ 

Npt   / 

Maroneor  Cadmus  I 

Cock  bum    I.  (Faayami(/5i),\ 

[4m.],  lag.  NE  pt / 

Osnaburgh,    or  Matilda  Ll 

(Mmrmroa)t^5l9t,tot\ 

B  pt J 

Bligh's  Lagoon  1.   (7Vais>\ 

tangi),  +  2  1,  A,  N  pt...  / 
Cook  Lagoon  I.  <Tahti*Mt\\ 

#3m.  f,  F.N  pt  „..../ 
Thrum  Cap  (Akiiki)  tfmX\ 

NWpt .....7./ 

Bow  L  (Aba),  %  8  L,  B,l 

w,  lag.  Moral  €•  E  side  > 

of  entr J 

—  South  pt    

MoJler  I.  (/*smm«),  #  5  L,\ 

t  f,P,Npt j 

Resolution  L,2ls.  {Tamerie),\ 

[4m.],  Spt / 

Good  Hope  L  {Rekar*ia)\ 

[2L],8pt / 

Barclay  «le  Tolly  I.  (Raroia%  \ 

#6  I.. Spt / 

Wolkoasky  I.  (Takmme)f#\ 

l3nL,L.g.|a,Npt  *f.../ 
Whitsunday     L     (Pim*ki)\ 

[lint],  NWpt / 

Queen  Charlotte  I.  {#**«-} 

Au**«),  EW  3m„  i,  f^} 

Kpt    J 

Egmont  J.(  VairaMtm,  PmAa-] 

rtmaa),Jf-  4  m.,    T»    f>  J 

f.LrNpt    J 

Byam  Martin   L  (^4JU*«t),\ 

[4m.],  lag., N  Npt    / 

Gloucester  I.  (  Paraoa),  E W  \ 

3m.,  NEpt    J 

Cumberland  I.  (ManmMmtgi),  \ 

JMJm.SEpt J 

Lasting  L,  or  Pr.  Wm.  Henry  1 
(Nengo-Nenoo).  EW  5m.,  L 
NEpt J 


IJU.S 


l8°22' 

17  18 
15  58 

15  51 
23  20'5 
23  41 

*3    T5, 

21  31 

22  o 

21  25 

2045 

20  45 

23  8 

22  12 

21  50 

21  38 

18  42 
18  30 


136^ 

138  19 
140  8 
140  50 

134  29 
■34  30 

>35    0*2 

"35  38 
136  12 

136  25 

13830 

139  10 

137  8 

138  42 

13847 

140  40 

138  y> 

139  «4 


18    3*6 140  59*? 

18  16 
17  40 


140  41 
140  39 


17  23 
16  51 
16  13 

15  44 
19  24 

■9  17 

if  18 

19  37 
19  8 
19  12 

1846 


141  30 
Mi  55 

142  3' 
142  9 
13843 
13849 

139  18 

14025 

14040 
141  16 

141  45 


TABLE   10 


608 


MARITIME  POSITIONS 


<!!•) 


Places 


LatS 


D.  of  Gloucester  I*.,  2,  E,") 

or  Margaret  I.  (A***.  S  8 

tipipi) J 

Ana  Annrunga,  W  Id 9 

St.   Paul's  L    (Kertkere-X     ' 

l*e),*4l,Npt /° 

Two  Groups  LA  8 1.(  Maro- 1 

kau  and  Ravahere),  S  pt. . .  / 
Melville  L  (Hihteru),  NW  pt 

Tekokoto  f3m.l,  E.  pt 

Farneaai  I.  (Har*tta\  EW  | 

7  1„Wpt.  / 

Nihiru  L,  NS3  L,  N  pt 

Holt,  or  Yermaloffl.  (Taai-1 

90),  EW  5  U  Pass / 

Philip's  I.,    or   Koutousoff) 

(Makem>\*±  11  L,Wpt/ 

Sacken  I.  (Kaiiu),  W  pt 

Romansoff  L  (7Y*«).  [3m.]  ... 
K.  George's  I.,  Tiokea,  P/- 1 

ramid  / 

—  UraL,  JMU8pt 

Waterlandt,  or  Wilson's  I  \ 

(jr«Nfti),*4l.,EnL.../ 
Peacock  I.  (Ahu),  jf-  4  L9 W  pt 


Bird  L  (fter'tom),  N  pt 

Croker  1.  (HaraUu),  N  pt  ... 
Adventure  L   (Mot*t**ga\\ 

NWPass / 

Raeffskr  I.t  or  Seagull  grp., "" 

8  &  W  one,  dote  I.  (Hiti) 
Tchitchagoff  I.  (TaAamea), 

NW  pt  

Miloradoritck  L    (Faaili), 

NWpt  „ 

Wittgenstein  I.  (FahiratHt),} 

*  10L,  tf,$8WBo.| 

toava  Pyramid  —  J 

Greig  I.  (iVaflm). J5m.]t  N.  pt. 
Chain  L  (<4*aa),Tunhora  pa»s. 
Raraka,  EW  5  i,  entrance  ... 

Kanehi  L,^  14m.,  8  pt  

Tiaro  Kiog**  L,  N  pt   

Carlshoff  I.  (Aratika),  W  pt  O 
Rnrick  Is.  (Armttia),  J1  8  pt 
Hagetnebter    L  (Apatakiy\ 

NEpt < / 

Elisabeth  I.  (Took),  E  pt 

Otani 

Aura  I.  (Kaukura),  W  pt 
Dean,  or  Vlieg -n  I.  (Nair- 1 

to),  ^  15  L,  N  Avatika,  V 

Kntsenstern  L  (7fofaii)°1 
Tuheiarapass J 

Aurora  I.  (MaAutea),  230£\ 
Npt / 

Lasareff  I.  (Matoiwa*  Ma-  \ 
to»;£5m.],tf,ft.Wpt/ 

•oeftvtw  fslMts. 

Maitea  I^7n^  U»7f... 

Otahwt*  L   (ToA**),  %\ 

m,Pr.VBNua,ltF83f./ 

—  Summit,  Orohena,  7321/.... 


y 


Lmt  W 


20  38 
952 

8  18 

7  35 
7  20 

6  54 
6  41 
6  20 

6  26 

6  22 
4  5» 
4  27 
4  44 
4  23 

4  33 

7  48 
7  29 

7  3 
6  42 
6  46 
6  42 

6    2 

6  7 

7  20 
6    4 

SS2 
546 

5  33 
5  26 

518 

5  55 

540 

446 

4  58 
548 
4  54 


«7  53 

17  292 

17  37 


43°  5' 

43  19 
45    o 

42  12 

42  41 
42  37 
4J  20 

42  53 

43  11 

43  58 

44  28 

44  33 

45  o 
45  14 

45  50 

46  24 

43    7 

43  3i 

44  25 
4*    9 

44  58 

45  ** 

45  36 

46  23 
45  30 

44  59 

45  11 

44  37 
4*  34 

46  44 

46  IS 

45  5o 

46  51 

47  50 

48  14 
48  13 
4840 


148  $ 

149  29 
149  28 


(ISO) 


Places 


!> 


Oaheite  I.,  Papeete  Harb.,^ 

ffl,  w  Motu-uta  Isn  Its.  F  J 
Murca,  or  Eimeo,  Mt  Tohi-  \ 

vea,  perforated  pk.,3975f.  j 
Tctuaroa  L,  EW  5m.,  SE  pt 
Tapamana  I.,  or  Sir  C.  Shod-  1 

o>re  (Mu*iti\  pk J 

Hitahe:ne  IM  223 1  f.  Owharree  1 

harb.    / 

Ulietea,  or  Raiatea  I.,  NS } 

14m.,  Uturoa  harb.,  ffl'/ 
Regent  pt,  or  Tahaa,  Tautu  \ 

Sola  bola  I.,  NS  8m.,  sum.  ... 
—  OteaTanna,  ffl,  w',  r,  ho. ... 

Tubail.,  [5ro.j,  Npt?    

Mama,  or  Maupiti  I.,  800f.... 
Howe  I.,  Mopclia  (Mopiha)... 
ScilljIs.,[2l.J,4rfo.,  ffP09 
Bellingshausen  L  • 


Marquesas,  w,  r,  b,  E  estr.,*} 

Ariane  rk.,  I3f. / 

Mag.lalena   L  (Fat*  hi va) A 

N8  8mn3150f.,  Hanavave  I 

H'    J 

St  Pedro    I.    (Afo*M*),\~ 

1640f.,8Ept.rk.  Ju 

8ta,    Christina    (Tau-atm),-) 

ah.  3280f„  Resolution  B.,  I 

Eside J 

Dominica  L,  35S0f.  {Hiva-  \ 

Oa),  PerigotB.  (Parnmau)  ) 
Hood  L  (FatmAiht),  [4m.],  \ 

afcllSOf.,  1,  ».ft / 

Washington  I.  (Ua-huka),] 

[31 .1,  ab.  2805f.,  Hannay  } 

B.  (MotwHao**) J 

Adam    I.   (Ua-pa),  4042f.,\ 

Hakaae-umB / 

NukahiTa,[6l.],ab.  3800f.,^ 

head  of  Anna  Maria  B....  j 
Hergesu  rks.  (Motu-te),\ 

130fc    /e 

MAte(Eiao)f  ab.  2000/.,  pk.0 
Coral  ff,  [&  shl.  2  L]   O 


Inlands  Wortti-weat  of 
Low  Arolftl|>elsvgo. 

StarimckU  [1  L  ?],  f,  fr\ 
15f„W.  pt / 

Maiden L,  [3 l.],w,L',[t],l 

30f.,  W  pt  Settlement  ...  / 

Jarris  I.,  40fl  [2m.],  £  *v\ 

U« / 

Caroline  It ^nuinerouMmall,  S 
18f.  U  |°,  *,  T,  8outhl 
island  Settlement  J 

Vostok  I.,  [4m.].  ab.  80f.,\ 
rft..  *,  lag.,  Lc  Boat  pas*./ 

Flint  I.,  50f.  A  t  Settlement... 

Snwarrow  Is.,  4,  small,  R,  I5f. 

PenrhynL,  ^4  1.,  A  lag.\ 
1°.  *l,P,.50f.,Wpass./ 


LatS 


I7°3i'6 

17  32*5 
17    a 
17  387 

164*5 
1643 

16  33  7 

16  30 
16  30 
16  11 
16  26-5 
16  52 
16  31 
15  48 


10  21 

10  27-1 

10  1 

9  5^-3 

9  44*8 
9  26  5 

8  56 

9  21 


W 


I49°34' 

149  487 

149  32 

150  37 

151  15 
151  26 

151  3^5 

151  45 
151  42 

151  48 

152  12 
154  o 
154  43 
154  25 


138  25 
138  39 

138  48 

139  7 

38  527 
'38  55 

139  32 

140  4-2 


8  553 Mo    47 
8  417 140  36 


8    1 
7  53 


140  40-5 
140  22 


5  37 

I5S  5« 

4  3 

155  ■ 

023 

159  54 

10  0 

150  145 

10  6 

11  26 
13  13 

9  0 

152  23 

151  48 
163  13 

158  35 

604 


TABLE  10 


MARITIME  POSITION8 


(111) 


Placet 


fietnon  L,  GQf.(Boka  hangn\  \ 

Church  [2m.],  A  f ,  P  ...  ( 
Humphrey  In  65f.,  Church) 

(AfowdUt)..-. / 

Bernardo,  or  Dinger  Is..  3,  \ 

•mall,  1 125C,  PukaPuka/ 

Tema  Reef,  I 

Nassau,  or  Ranger  L?,  small, \ 

l*hPo»70£ / 


Valoa  Zataaete* 

Gcnte  Hersaoea,20f.[l£in.]. 
orSwauTsI.,  t  f ,T,L„ 

/«r 

Duke  of  Clarence  L,  (NuA*- 
aoao),  NS  7m.,  lag.  |0,  f 
f,   o.SEL  j 

Duke  of  York  I.  (OriAi/V). 
^p4a,lig.|oltffUP, 
•  %.  SI,  Tees 

Bowditch  I.,  8()f.  (F«k*'aff>). 
57m^lng.I0,tf,L> 
8p*. 


4 


Ftaoaniz  Islands. 
Marjr  or  Canton    I.,    15f.,\ 

West  Entrance  / 

Hull  Is., 5. EW 5m., A*,  lag.,  1 

t   f.w.Wpt / 

8idneyI.,15f.,Wpt,Aw0... 
Phomix  [2m.].  20f„  A  iand,\ 

Tt  North  point / 

Birnle  L,  6£,  &  rfs.  [2m.],  \ 

•\  A  #0.  centre  / 

Enderburj  I.,  23f„  **>  3m„\ 

t.  Pier  on  W  side    j 

Gardner,  or  Kemin  I. 

A  lag. 
M'Kean 


LatS  !Lon.  W 


io°  2'    i6i°  5  5 
io  23-5  160  59 

10  52  8  165  515 

11  7   J165  35 
""  333165  27 


11  10 


9  13 


170  52 

171  447 


8  397  172  28 

9  28    171    92 


neronWside    / 

r,  or  Kemin  I.,  40f.,^ 
•I©»  *©.  **■»  centre.../ 


Bapa  XsUad,  **• 

Pour  Crown*,  or  Buss  Is.,1 
4,  small,  346f.  (Morotiri)  f 

Rapa,  or  Oparo  I.,  21 72f.,  P',  \ 
w,  ffl,  Aburet  Bay,  entr  J 

Osborne,  or  Nielaon  rf.f  uf.  1 
Ewtpt J 

Maria  Theresa  reef? 

L'Orne  bank    , 

Haymet  rocks?  , 


Tabaal  ar  Austral 


Vavitao  I.  (Jfomuxu),  NE  pt. 
Tubnal  L  [2  L],  via.   10  L.  ) 

CD.  t  t.S*.  y.M'> 
Anchorage I 

Ruu  tii  L  (Oketeroa),  NS\ 
4m.,  ab.  13001,  8outh  pt/ 

Kimitaral.,[3m.],3l5f.    

Hull  L,  [1  L]9  ab.  ttt,  OH)  o 


2  89 

4  30 
4  274 

3  42*5 

335 

3  «5 

4  377 
J  35  2 

27  55*5 
27  357 


171  42*5 

«7»  13* 
171  16 
17042-5 
171  33 
171  10 

«74  39-* 
174  16 

143  28*5 
"44  172 


(122) 


Placet 


27     v6 146     17 


37  o 
27  42 
*7  » 


23  50 
23  22 

22  30 

22  45 
21  49 


151  13 

157  44 
160  13 


147  40 
149  3^ 

151  20 

«5«  45 
'54  43 


Manjraia  L,  [2  L],  ab,  650f 

rfs.  *0 

Rarotooga  L,  [3  1.],  2920f. 

*o.l'»r,F,  NWpt 

Parry,    or  Mauki  L,  120f^ 

[2m.].  A  f,Spt  

Mitiero  1 ,  92f.,  N8  4m.,  /, 

[t].  Tomb  on  W  coast... 
Vatiu  L(^HO.  394f„  [5m.], 

to,!.  SW  Peak 

Fenua    iti   (7u*«lta),  50f., 

[lm.],/,tf,LW,w0,li, 

centre  

Hervey  Is.,  2,  (Afanuai.  8, 

Am**,  nx  ear.,  #  a  1^  1^ 

rfe.3m.,  *f,  t^N  I... 
Whytootackie    I.    {Aitn-\ 
taki),  [ft  it   %  3  1.],  *.  0 
860  £,  Npt •••••••  J 

PalmerstoB  Is.,  NS  4m.,  |0,1 
*   f  >  $0*  wo«  '•  centre...  / 

Bereridge,  Middlcton,  or  1 
Nicholson  shl.,  fr,  NS  3  L,  J 
I,  (entr.  ^),  8W  pi. J 

Sarage  I.  (Nimel  NS  llm-,\ 
*f.T.P„NWpt ....../ 

Antiopereef  


Wawftgstar  Xslaaas* 

Rose  I.,  33r%  and  it  I  Jm., 

Alttg.,*,     *r. 


Lat.8 


21*55' 
21  14 
20  7 
"9  49 
19  59 

"9  49 
19  11 

'8  575 


£oa.W 


"59  45 

157  « 
"57  43 
"57  43 

15S  16 

158  49 
"59  49 


"8    3     163  10 

I 
20    2    J67  49 

19    o    169  50 
18  14    168  20 


Manual.,  1,  6nt,  2500T,  l,\ 
tf,LL.Tau  Tillage   .../ 
Ofti  1.,  EW  3m.,  f ,  West  I. 
Tutuila,  J*9l.,HuhoerS.   .. 

—  L  off  N,  or  Coxcomb  Pt,  1 

Vatia  / 

—  West  cape  L,  It  F   

—  Pango-Fango  barb.,  SB « w,  1 
b,r,  tower  rl.W  of  entr.....  / 

CTpolu,  ^161, 3200fn  Nuu-  i 
hia  islet  off  8E  pt„  120f./ 

—  Fangaloa  &,  Elds  pt  

—  Apiaharb.,ffl,  wm,l  2  Its.  1 
F.,  18&197f.    

—  Toraa     Mount, 


„    Oater.V 
[lm.],3200f.  f 

—  Wextr.  Manonol.,  400f,\ 

o [»«.].  Ml*/ / 

—  Safiitu  harb.,  ffl  Village  \ 
pt f 

Apolima  L,  [im.],472f^  T,\ 
tf / 

Saraii,  L,  V 14  L,  5400/,  f ,  \ 
w,  r,  E  pt  rf. / 

—  N    pt,    (Mataatu   harh.,1 
Wd.,  *i,w,f,b)    .../ 

—  8onthpt,Tanga  ...„.^... 
West  pt,  Felialnpo  


Cnracoareef  

Coco?,  or  Kcppel  Lt  350f.,  1  ^ 
rks.  6m J<J 


"4  32 


168  n 


14  142  169  32 

14  H-S  "69  395 

14  21    .170  515 

14  15-8170  4"5 
14  21    '170  52 
14  "77  "7o  40 
14    2    171  22? 
*3  34-*«7«  297 
"3  49  7|i7"  44*$ 

"3  5"   |"7«  55* 

13  so    172    4 

"3  5*5  "7»  477 
13  49*2  "72    6 
13  423 172    85 

72  21  -2 


13  28 

13  4** 
13  3" 

15  31 
"5  58 


17232 

17248 

"73  44 

173  52 


TABLE   10 


COS 


MARITIME   POSITIONS 


(IM) 


Place* 


•9 


.5. 

•ft 


Verradtrs,  or  Boscawen,"] 
(Niua-tabou-talou),  f&  } 
rka.,  ab.  «m.l,  ab.  2000f„r  J 

Good  Hope  L  (ASava/k),! 
550f.,P,  [3|m.],  NWtnd,  ' 
vilL  J 

Zephyr  reef    

Wnllis  Is.,  1971  (Uea).  9 
*,  ffi  S,  *„  b,  r,  Mua 
Mission  •• 

Home  Is.,  2,  Aloft,  *jr,  Fk. 
12001  

—  Fotuna,  Mt  Schouten,\ 
S500£,  Sigare  B J 

BayonnaiM  bk.,  is. 

Field  Bank 

Bobbie  Bank 

Isabella  Bank 

Tnsearora  Bank 


Lat 


vis.1 


i} 


Sophia    L  (Nurakita), 
16m.    

Rose  Bank 

Mitchell  grp.t  NuMulailai,^ 
FangawaL J 

EUice,  2  Is.,  {Fanafuti),  \ 
NS   14m.,   f     i  ,  lag.  I  e 
*',fcw,Npass    J 

De  Peysterls.,  (Xukufetau), 
*fc»in.,  *,lag.entr.NW, 
to  inside,  8  pt    

Tracy  I.,  (Oaitupu),  [3m.], 
*,Spt / 

Netherland  I.,  (Nuf),  NS  1 
4m.,  Tis.  4  L,  P,,  South  I.  } 
Fantapu  J 

Lynx,  or  Speiden  I.(Nuitao),  \ 
small,  no  lagoon.  Church  / 

Hudson  L,  (Nanomana),  NS  \ 
IJdl,  50f.,  f ,  no  lagoon   / 

St  Augustine  I.,  (Narnmea),  1 
2  Is.,  *  2  1„    *f,La- 
kinaL....„ J 


Gilbert  Islands, 


Arorai,  or  Hurd  I.,(Tamoa).. 

Botcher  L,  (Tamana)  O 

Clerk  I.,  (Onoa/oa),  N  pt 

Pern  I.,  Francis  Is.,  South  pt. 

Nakunau,  Byron  Is.,  S  pt.   .*. 

Tapmeuea  I.,  *fc  10  1.,  Pea-  "| 
cock  anchorage,  t  f,[ 
iUtiroa^m^b^T,, J 

Sydenham,  (AWi>  %  7  M 

»g-  lo»  s  P*  ▼iWag*  / 

Hopper  L,  (  J/Ni*ta«a),  ^  1 

10m.f  f  W,  w,  b^  r^V 

Stb.  pass | 

Henderville    I.  (AranuAa),\ 

KW7m„  8pt 

Woodle  I.,  (Kuria),*k  8m., 

t  f,(rf.*3m.),r, 

N  pt.  of  reef 


South 
i5° 52' 

■5  34 

16    03 

13  207 

14  214 
14  16 

12  8 
u  17 

>i  3 
12  27 
11  49 

10  46 

«i  3 
9  22 

8  253 

8  4 
7  30 


Lou. 


West 
i73°SO 

175  41 
177    6 

176  10 

177  5** 

178  10 

179  43 
174  44 

176  53 

177  i7 

178  14 

East 

«79  3' 

179  50 

179  50 
179  7*5 
178  29 
178  41 


7  157  177  10 


6    6 
6  18 

5  39 


£8m7,i 

DW0D0»   f 


39 
33 
52 
27 
24 


1  12 

o  485 
North 
o  21 

o    8 

o  19 


177  20 

176  20 
176    6 


176  52 
175  55 
•75  30 
175  59 
76  31 

174  43 
174  28 
173  51*2 
173  375 
173  2 J 


(124) 


Placet 


a j 

■)    I 


Hall  L,  (Mutant),  #  9m.,  1 

t  W,  to,  wD,  r^  bo,  House  \ 

onNpt  J 

Cook  I..  {Tarawa),  *fe  7  L,  1 

t,SWpt,  Bititu J 

Charlotte  L    (Apaiang), 

6l,lag.entr.SE,  T 

Lone  Tree  I.  (Ik*) 
Mathews9  I.,  (Marakiy  N81 

5m.,  lag.,  |o,  N  pt. / 

Pitt  I.,  3  Is.,  £,  (Maki*)t  N  pt 
Touching  1„  f.lag.,  |W,U 

(Taratari),  South  entr..../ 

Ocean     L,     (Paaiwpa),  1 

[4m.lvis.  8L,  f ,  T,>G 

*o.P, I 

Pleasant  I.,  (Nauru),  100f.\ 

[5m.],  f,  T.  $<>.*.  *,    J 


Zalands,  4  c 

Raoul,  or  8unday  is. ,  1 627f.  mid 

Havre  rk 

Esperance  rk.,  small,  57 7f.    6 

MacaulayL 6 

Curtis  la,  2,  ab.  500f.   


N  Minerva  jjT,  N  elbow......... 

S  Minerva  ft,  mid.     ....•••*.... 

Wolverine  shoal... ••• O 

Pylstaart  I.,    [ImJ,  700f„\ 

T,  tf.P / 

Pelorus  reef  u  • 


Lat 


rrlendlj  Xslaads. 


Cattow  1.,  small 

Eoa  I.,  NS  4  1.,  ab.  600£,\ 

||  N,  mid. / 

Tongutabou  I.,  \  7  1.,  /,  w.,1 

r,  l>,  1%  Van  Dieman  pt  / 
—  N  side,  Niukalofa  It  F  ... 
Reef,  (H.M.S.  North  Star)  ... 
Uonga  Hapaf,  (S  &  Wst  of) 

2l».),[l».],200f.,t^,|.o/ 
Annamuka  In  (A'amvAa),  I 

[11.],  lag./,  f,0  ...j  0i 
Hapai  Is.,  EW  16  1.,  S,  or  \ 

Fonua-ika  j  | 

Falcon  I.  volcano  (now  a  ahoal) 
Lefouka  IM  #  5m.,  Mission  \ 

Stat.  NW  side,  f / 

Haano   I.,  %  4ui.,    £  pt,  1 

Moui-tea / 

N  Id.,  or  Ofo-langa,  [lm.]  ... 
Kno  L,  [1  1.].  pyr.,  3030f.,  1 
Tufoa  L,  [5m.],  ab.  18901'.,  i 

Coral  rf.,  (Sir  E.  Home)   

Lattel.,  [I  L?J.  ab.  I790f.  ... 
Vavu  I..  ( Hafutuhm),  #  4  L,") 

600fM  W  pt.,  (Port  Refuge  J. 

toSEd„  ffl,w,  r,  w0)   ...J 

'—  PortValdez,  San.ly  pt 

Toku  I.,  [2m.],  82f. 

Amargura     I.,    (Fanualei), 

1,  f0.  1230f.    


Lou. 


North       Bast 
*°  °,5J,73°  1' 

1  20-5172  555 


1  463 

t    i-5 
3  20 
3    4*5 

South 
o  $2 

0  33 


29 

155 

31 

18 

31 

26 

30 

15 

3035 

22  20 
22  51 


30'5 
24 


«72  57 

173  17 
172  58 

«72  44  7 

109  35 
16655 


West 

77  55 

78  59 
I7f55 
178  32 
17836 

178  50 

79  5 

179  4 
176  125 
176  25 


174  53 
174  5i 


4  «75  22 
80175  "7 


50 
36 

15 

8 

187 
48-2 

4i 

36 
42 
45 

2 

49 


■74  3o 
175  21 

174  46 

174  42 

175  25 
174  20 

174  «4 

174  26 

175  o 
175  3 
174  44 
174  37 


>i 


18  390  174    37 


38  3174    I 
10    174  14 


18    o 


i74  24 


606 
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MARITIME  FOSCTION8 


(113) 


Places 


LatS 


Ono  It,  peak  870f.    . 
—  Simonoff       (Tm 

tkoto\  95f.  

Beregisreef  (Vnata  Ono)., 
Vatoa,orTurtleI 


£&}> 


I 


"ab.1 
eeft,j 


209f  tf.rfS.,....; 
Nuku  Singea  rf,  [2m.],  3f.  \ 

rock     f 

Ongea  I.,  (1  la.  &  rf,  /\ 

4m.) / 

Fulanga  L,  (On^ca  tf<friki\\ 

300f,  V  5m.,    f»  x«0f.  1 

Mange # •••••! 

Namaka  L,  K  pt,  SCOf.    

Mocha  L,  590f.,pcak..~ 

Kambara  I.,  4 7 Of.,  NS  3ut, 

8pt 

Tavunasithi,  200f,  small 
Vanaa  Vatu  L,  [2m.],  A, 

J.P^lofcpeak 

Tots  W.,N*  Vaim,  [3m,], 

N  pa- 

Totoya  L,  [6m.],  U84f.,  peak 

CHoroa  L,  250f,  peak  

Thakan   I.  Ukultka   recf,\ 

pm/l,  NEjpt / 

(Oneata  Passage.) 
Oneata,  160f„    1.,    [A   th.\ 

EW  8m.l,  B  islet  J 

Ukemba   I,    *fc  Sat,     "   ~ 

720f„  J.peak   

Bukatatanoa  or  Argo  reeft, 

8E  extreme 

—  North  extreme  .... 
Reid  red;  Reid  haven 
(  Lakemba  Passage.  N-d.  of  do. ) 
Naian  L,  \  5m.,  580f..  euro.... 
Hawkins  rf„  Thakau  La*} 

aumiaxt  rks.  3f. / 

Gordon  rf.,  [2m.].  Tk,*kau\ 

Tambm,}*  pt J 

Tbithia,    540f.,   ME    past.  ~ 

KS  4m.,    f  f ,  8\V 

(rf.  W  3m.)    

Tavutha  I.,  %  4m.,  S  pt, 

(rfs.  ^-),  80of.    

Katafang*  I.,   180f.,  small, 

rfs..  pk 

Mango  I.,  670f.,  [4m.],  8W  It 
Vatu   Vara  1,   1030f.,  NS1 

4m.,  nk / 

Ythata  I.,  840f.,  [&  rf.  EW  I 

5m.],  Boat  pass | 

Exploring  Is.,  &  rfs.  #  8  1.,*) 

£  reef,  Nuku  Tbikombia  J 

Cairnt6f. J 

—  Munia,950f.  pk 

—  Vanua    Mbalavu,    930f,\ 

Black  8iranpt  f 

Naitamba  L,  ^  5m.,  snm.i 

610f.    / 

Look-out  rf.,  EW  6m.,  E  pt... 
Wailangilaia  L,  70*,  small,  \ 

Ship  pass / 


as».,"i 


I      t 

2044 


9  49*4  "78  13 
9  14-2 178  20-3 
9  125 178  25 

9    7  5 178  32 

1851  17835 
8  39  178  30 
[8    9-5Ji78  565 

t8  43S '79    5 


W 


!78°42' 
17848 
178  5» 


18  22 


[8  38 
[857 


"79  «6 


179  3«'5 

~  *,  179  48 
18  3^3 178  45 
1832-517827-5 


8  26  5 
18  123 

18  21  3 

58 
55 

58 
47 

38 
43 

4*5 

31 

28 
2*5 

"4*3 

127 


178  20*5 
178  4*2 

'78  13  7 
178  25-5 

178  21 

179  * 
178  40 

178  32 

179  16  5 

7848 

178  427 

179  105 
179  3i*5 

179  307 

78  39 

223  178  52-5 

95179    02 

179  16 
178  46  5 

79  7 


1 
58 
46 


(1M) 


Places 


Nanuksj  reet  Afarafa  Lmm\ 
at  8  extreme,  70*. J 

NukuMbasanga  I„  70*.  asaall 

Ngela  Lctq  rf,  EW  10nt,l 
rvgele  L,  60f.  ............... j 

Va-tauua  t,  small,  90£,  mid. 

Badd  reef,  Thombia  I.,  590t,  1 

I* J 

Thikomma  L,  (ftre*vll),1 
Nst  of  the  Is ,  *fe  Sot,  V 
rfisle.AoaaTa  Ko^480f.J 

Tiviuni  L,  4040f.,  ^8L,\ 

I  South  Cape / 

Rambe  I.,  1550fn  C.  Georgia 

Vanaa  Leva  I.,  J*  33  L,"| 

t428fn   E,  or  Undu  Pt,  ^ 

Na  Pbim j 

—  Sava  Savn  Pt  - 

—  8  extr.,  Vuya  Pt 

—  TendnaL,  pk,  64lt  W\ 

extreme  / 

—  Danas  Peak,  S438t 

—  N  extr.  of  rf.  fining  N\ 
coast,  3m.  off  KiaL,  780f./ 

Moala  L,  [&  rfs.,  ^  4l.],l 

ab.  15351;  *f,(rt  3m.), 

Not  of  reef J 

MaHika  L,    I256f.,  [&  rf.  I 

NS  4m.],  Matnka  barb,  j 
Goto  I,  {Koro\  NS  9m., \ 

I7l0f.,  t  NW,  Npt  .../ 
Horse-shoe    rf,  (Thacka*-\ 

»omo),  [lm.],l,  N  pt  ...  f 
Nairai    I,    N8    4m.,    (rfs.) 

4m.),  Needle  Pk.,  10T8f.  f 
Ngaa  L,  pk..    2345£    EW  \ 

8m.,  (rfs.  8.W) / 

Mambolithe  rf.,  small,  S  pt ... 
Mbatiki  I.,  {Daotta  NaJta\ 

Sa»>),[\  1 1,  rC / 

Wakaia  I.,  NS  4m.,  595fM  Ept 
M  .kongai  L,  NS  3m.,  rfr.,  1 

8pt- / 

(Moknngai  Passage.) 

Vatu  e  thakc,  or  Passage  L,1 
small,  304f. / 

OvxlauL,  ^  8m,  2089f,l 
LEVUXA,Smt  or  School-  J 
rouse,  (Its.  F  240  &  193f.)  J 

Viti  Lctou,  EW  29  1,1 
4000f.,  f ,  Kcwa  roads,  L 
NukulauL J 

—  Nasalai  reef,  It.  Fl.  45f.    .. 

—  Suva  hsrb..  fifl",  w,  b,  l0,"| 

Suva  pier,  (Its.  F3i0&  \ 

125f)  J 

—  Wrst  f xtr.,  Nsvula  Pt  ... 

—  Muani  Vatu  Pk ,  4000f.  ... 
Msnanatlia  grp.,  Hudson's  \ 

Is,ManaI / 

— Waia  I.,  #  5mn  sum.,  18741. 

Y  a  saw  a  group,  west  extr.  of  1 

the  Is,  Wiwa  L,  [2m.],  ) 

{M.  8)   .?.  J 

—  NavM,  740f,  pk 

—  Umboor  L    


Lat8 


7     1 
16  325 

6 

487 

1 

49 
[64s 

6  10 

831 
9  10 

7  14 

738 


6°43' 
6  18 


W«st 

I79°26'5 

■79  «4? 


*    53!i79    87 
5    57 
6*T5 

5  45 


■79  *4 

179  397 

«79  53^ 

East 

179  56 
'79  59? 

180  6-5 

179  18 
'7«  44  ? 
178  19 

178  55*5 
«79    5 

179  585 

"79  45 
179  a6 
■79  "7 


7  47  5  179  25 
18    o 

8  142 
7    46 


7  36 
7  28 

7  «2"5 

7  407 

8  IO*2 

8    8 
8    8 

7  53 
7  5" 

7  40  5 

7  17 

7    9 


■79  17? 

179  «9 

■79    9 

179    1 

178  585 


178  47 
178  510 

178  3>'5 
17842 
178  26 

■77  "5 

■77  57  5 

■77    7 
■77    9 

176  54 


7    5'5;i77  16 
6  43   |>77  3'$ 


TABLE  10 


60? 


MARITIME  POSITIONS 


(1*7) 


Places 


t 

I 
i 


Round    I.,    {Lata  Kahu\\ 

600f.,  •mill,  (|  W-d  ) 
Vatu  I*ilc  I.,  110f.,  ^  8m. 

*.  f,lN.Wpt... 
Thakau  Lekleka  or  Flying  \ 

Hshshl / 

Mbenga   I„  [5m.],  fc,    W,\ 

pk.  USOf.    J 

—  S  pt  of  if.  Toand  lagoon  ... 

Ono  L,  [5m.].  I*  pk.  lUOf.... 

KaiidaTn,    Mt.  Challenger,  1 

21801%    /    »    L,    ff,l 

(«oW J 

N.  Astrolabe  reef,  Solo  1,) 

It  FL  96f.  / 

Great  Astrolabe  reef,  N  pt.... 

—  N'galoa  barb.,  N*galoa 

Denham  L,  W  extreme  ... 


> 


Hammond  reef  

Rotumah  L,  900f.%  %  »  L, 

t  f  .r'.F.Oiuafa... 

Eagleston  reef   

Charlotte bk.,  n — ... 

Pandora  if. 

Mitre  L,  (Fataka),  [lm.],\ 

Tis.4L.1t.Fp  / 

Cherry  L,  (AnmLi).  [3m.]   ... 
Tucopia,  [3m.],  3000C,   T»\ 

tf,P, J 


Conway  rf.,  [2c],  6k  T  

Mathewrk.,  [£m.],  volcanic,  \ 

465f,[^<-     J 

Hunter  I.f[im.],»74r,  to   ... 
Brilliante  shoal  


Walpole   L,  [ljm.],   229f„\ 

^^o^UPo^Pt J 

Durand  rf.,  [§m.],  M„  J ,  •... 

Norfolk  I..  1039f.,  Sydney  \ 
B.,flag  staff / 


Royalty  Inland* 

Mare  or  Britannia  Is.,  8  pt... 

—  E  pt,  a  Coster 

—  TsmiineB.,  t 

Boucher  I.,  90f.  [4m.],  f  ,\ 

mill J 

Cbabrol  I.,  E  pt,  C.  Pine 

—  Wreck  Bay 

—  8E  pt .  C.  de  Flotte 

UteaorHalganl.,  [6L] 

—  Oidiv  I.,  Bishop  Sd 

BeaupreIs.t[2L],  /,  f,NB\ 

W / 

Aitrolaberfs.,2,V  101  ,\~ 

lo,  East  reef  /° 

Petrie  re«f,  20f.,  t    

1  of  Pines,  [81.].  lag..  $W,\ 

t  f .  P„  Alcmene  I / 

SE  elbow  of  Q    •••••••••••••••.•• 


LL 


Ur.S 


Lon.  E 


18  31 

18  36 

18  23 
18  313 

18  53 
18  58  5 

18  38 

18  413 

19  5 

19  8 

IS  32 
12  29-3 

12  21 

11  47 

12  II 

»  55 

11  36 

12  21 

21  45 

22  20 
22  24 
*3  14 
22  38 
22  2 

29  37 


21  40 
21  24 
21  32 

21 


i77°46' 
177  37 

177  48 

178  8? 

177  59 

178  297 
178  22 

178  322 

178  315 
178  1 12 

177  57 

175  » 

177  7-5 

177  50 
173  «3 
172  5 

170  10 

169  40 
16843 

"74  377 

171  20 

172  5 

170  5 

168  567 
168  39 

167  58 


168  12 
168  75 
167  50 


55  167  49 

21  1  167  24 

20  45  167  8 

21  9'5  167  18  5 
20  43  |i66  36 
20  28  166  30 

20  22  166  14 


1950 
18  35 

22  42'5i 

23  1 


165  56 
164  22 
167  285 
167  2 


(128) 


Places 


Www  Caledonia* 

New   Cahdonia,   \  65  1,1 

6360T,  Kpt,N«Q  I. J 

C.  Coronation  (Unia)  

Baladeharb.,*l,(rf8  21.),  Id 

NWextr.,TiaI ,  (sbl) 

Yande  I.,  peak  lOOOf.    

U  Deverd,  (sbl.  3  1. ) 

Port  St  Vincent,  H,  »c,  w,*j 

J3jm.,  f  f,  Entr.,  (rfs.  ! 
4m.),  Tenia  L  J 

Port  Noumea,  It  F  red 

Am&tec,  It  F  164f.  

Delep  Is.,  A  t ,  rfs.  Tgue  I.  ... 

D'Entrecasteauz  rfs.,  8 W  ) 
pt,  Boat  pass / 

Hnon  Is.,  Bond  reef,  [Jm  ],  | 
U  f ,  (rfs.  3  1 ),  N  extreme,  > 
Three  rocks  20f. J 

Fairway  rf. - 


Www  Mebrldea. 

Aneityom  I„  EW  31.  2788f.,  ^ 
tf.w'",fr,P0,P.Inyeu/' 

Erronan  I.,  (Futuna),  \ 
[lU],  193l£,NWpt.../ 

Tannal.,ifc8l.,  tf.r.P.I 
Port  Resolution,  BS   •  / 

—  Volcano,  4m.  inland,  9801. 
Immer  L,  small,  L,  P.  140f.  ... 
Knomango,  Dillon  Bay,  on  \ 

W«dc,w    I 

Sandwich  I.  (ff/ofe),  *fe  10 1.,  I 

f    f ,   Havannah     bar-  1 

bour J 

ThreehillI.,(Af«i),2l7lf.l  _ 

(rf.  Ept.0)  ....)e 

Monument  rock,  39  "f. ,  [1 1]»  1 

(Is  W-d.)  ) 

Ap  I,  2800f.,  [6  I.],  Dia- 1 

mood  Bn  (Otumacit)    J  ° 

Lopevi  L,  4755f.,  pk 9 

Ambrym  I.,  438Ch%  EW  6  L,  \ 

DipPt    J 

Pentecost  I.,  (Arugk),  NS 1 

1 1  L,  2000f.,  Steep  Cliff  B.  J 
Aurora L,  (Maiwo),K8  1 1 1.,  1 

2000f.,  ¥ ,  w,  b,  Laka  rere  J 
Lepers   L,   (Aoba),  4000f.,  1 

Unin  Dui    J 

Mallicollo  l„  *fe  18L»  Port  \  _ 

Sandwich,  ffl  J  e 

—  Espiegle  B 

St  Bartho'omew  1^  (Mah),  \ 

EW  3  1M  islet  SE  pt / 

Espiritu  Santo  I.,  %  22  1.,  \ 
£W  pt,  or  C.  Lisburne  ...  J 

—  North  pt,  or  C.  Cum- 1 
oeriitno    .....................  j 

Port  Olry    < 

Pic  de  1'Etoile,  (Star  l.\) 
(Afrralaf>a),2900{.A\  m],  I 
^  *.Po  J 


LatS 


Lon.  E 


22°i5'5i67°  3*5 

22  2  166  52*5 
20  172 164  29*0 

19  185  163  57 
to  225  163  49 

20  45  164  22 

22  1  165  57 

22  16*2166  27*2 
22  29  166  29 
19  31   ' 


18  4c 

17  54 
21  o 


163  35 
162  46 

162  56 
161  46 


20  153 
19  31 

19  31*3 

19  324 
19  16  I 

18  47  5 

17  333 

17  3*1 
17  16 

16  47  5 
16  30-5 
16  14 

IS  40 

14  58 

15  19 

16  25  5 
15  58  5 
15  43 

15  38 

14  38 

15  1*3 

14  29 


69  447 

70  11 

69  27-5 
69  245 
69  37 
68  58 

68  167 

68  245 

68  28 

68  10 
68  21 

67  54? 

68  8 

68  2 

67  43 

67  475 
67  107 

67  15 
66  465 

66  39 

67  55 

167  59 


608 


TABLE  10 


MARITIME  POSITIONS 


(lt9) 


Placet 


Claire  L,  (  Jfcryt),  small,  xOOf. 
Vanua  Lara,  3li0f„  P.  Pat- \ 

teton,  Nusa  Pt  / 

8aou  Maria,  (Gfetta),2300f ,  \ 

LakovaB / 

BKgfa     L,    (Urtparapara),\ 

2440f.,peak    / 

Torres  It,  (Ababa).  Tegua  \ 

I.f  600£,  Hayter  B J 


Vanikoro  I.,  La  Peroose.  \\ 

um..  sum.  aoair. j 

—  Ocili  barb., on  £  side,  ffi... 
Toupoual  ,(orEdgecumbe),\ 

Basilisk  kr. / 

Su.OuiI.,(JV<k»f).  I800f,\ 
Jt  8  L,  E  pt,  C.  Byron...  J 

—  8  pt,  C.  Mendafia 

Volcano  I.,  (TmabJa) 

Swallow  gnmp(MaOmaPa-  \ 

mtvi),  ISOf. / 

—  Anologo,  120f. 


.3 


Goldfinch  shoal 

Duff  or  Wilson  group,  NW  \  -. 
extreme  J  ° 

—  Disappointment  IM  1200f. 

—  SEextr.,BastIs.,200f.  O 

Stiomosi  Islands). 

Stewart  Is.,  150!.,  5  on  a  rf.f  \ 
[*L].'.*  f  iTiV.SiAaumaf 

Rone  idor,  or  Caudelaria  rfs.,  1 
rock,  1  Of.    / 

Dotting   Java,    or    Lord*} 
Howe.**Is.,(£eu«iwMoa),  [•  O 
SWext.,  ToukouaI....J 

Frindsburj  rf. O 

Tasman's  Is.,  Niummino  8  pt 

Mortlock,   or    Marqueen  \  r 
Is.,  EW  7  1.,  centre   ...  j 

Nine  Is.  of  Carteret,  60f,  ) 
*fe  ab.  10  L,  Groin  I.  >  O 
Trading  station J 


Sta.  CatalinaL,320f.,  (K©-\ 
ri*0,  pk. / 

St.  Anna  I.,  (U  ah).  [4m.],  \ 
a**,  f  f,  Port  Mary.../ 

St  CbriKtoval  lt(RobaU)t) 
V  «  1..  f .  B  pt-,  or  C.  > 
Sunriile   J 

—  Makira  harbour   

—  NKpt.,  C.  Recherche 

Three  Sisters,  %  3  l.,250f.,\ 

N  one,  (Alita)    J 

Contraries  I.,(02o*i),  NS\ 

7m.,  ISOOf.,  pk J 

Ugi  I.,  676f.,  8elwyn  B. 

Maleita  I.,  {Mala),  %  34L,\ 

8  pt.,  or  C  Zele / 

—  Mt.  Kolovrat,  4275f.     

—  Alit  Bay    

—  NW  pt.,  C.  Astrolabe,! 
M all  u  harbour    jf 


LatS 


14°  17' 

14  17 
13  3* 
13  '5 


Lou.  E 


i67°48' 
167  3*5 

167  25 

167  20 

16633 


u  37  "66 
11  404166 
11  20    166 


10  41 

10  53 


166 
165 


10  243  165 

10  17*5  166 

10    62165 

10  14*5166 

9  4$     166 

167 
167 


9  57 
10    1 


8  215 
613 

5  33 

5    o 

4  35 

4  45 
4  45 

10  54 
:o  50-8 

10  49 


162 
159 


5»'5 

55*> 
30 

8 

5*5 

467 

185 
417 
54*5 
53 

o 

5 

42*5 
13 


"59  "5 

"59    9 
"59  30 

157    o 
"55  » 


162  265 
162  25*5 

162  21 


10  25-5 161  27 
10  10    "*•  *~ 


161  19 
161  $4 

161  57 


10    8 

9  46 
10  15-2  161  42 

9  45   J "61  3° 

9    55  »6o  57 
8  59      '- 

8  22 


160  45 
160  30 


(150) 


Placet 


3 


Lat8 


GowerL,  [4  i],  t  *,  8 

pt. J      i 

Ramos  Is,    O 

Guadalcanar   L,    \  26  1., 

Marau  sound,  Fergaton  L 

—  8outh  pt,  C.  Henslow 

—  Mt  Lammas,  A,  SOOOf. 

—  Wanderer  B.,  Boyd  Crock 

—  Sooth-west  pt,  C    Hunter 

—  North  extr.,  C.  Espcranoe 
Florida  L,  !600f.,Mboli  hr.9\ 

Tree  I J 

Buena  Vista  U  I050f.,  pk.   ... 
Basedl  la.,  16001,  Paru>n\ 

Pk.  t 

Murray  L  (Bmrakoi)  [lm.] 

lOOOf. 

St  George  I.,  \  4  1.  |  N, 

Astrolabe  Creek, 

re,  f,  P0,  8  cure .. 
Isabel   L,  *  40  L,  8 

2050f,    C     Prieto  ( 

tora  L)  

—  Mt  Marescot,  3900f.  

—  PortPraslin O 

—  C  Comfort,  (rfs.  2  I ) 


E 


i> 


*} 


'56' 

"9 

5<>5 

59 
45 
4" 
49 
"4 

35 

535 

5 


8159 


9    « 
*3°5 


8  36 


New  Georgia  L,  (Maroto),'] 
EW  14  L,  la.  (W  dj,  8  S 
pt.,  or  C.  Pitt  Garuiai    J 

Bendova  I.,  2o00f.,  C.  Pleat- 1 
ant J 

—  Rendora  harbour 0 

—  Kolkars  Inlet ;   8 


14 

25*5 
"9 


84S 


i6tf>  2ff 

160    9 
160  487 

«&>  3S 
160    o 

395 
"59  47 
"59  4" 

160  17 
160     1 

"59     3 

158  40 

"59  3* 


159  44  5 

159  26 
158  185 
158    6 

15S  15 


8  45    "57  *4  5 

»3  5"57  "9 
"03157  "7*5 


8 


*).-)l 


Eddystont    rk.,  (Naroca), 
U00f.,    P„  (Ate.    s, 
3m.  X  barb,  on  W  coast, 

GuisoL,  t    e! 

Vella  LarelhtC.  Middleton,\| 
3000fc /t 

Cboiseul  1 ,  1800f,  *fc  33  L.I  I 
E  pt,  C.  Labce /  j 

—  Bamhatani 

—  Kangopassa  ' 

—  Choiseul  B.,  Redman  I.,\ 
(«hL2L)    / 

Shortland  Is.,  676f..  [6  L],\ 
SE  pt,  a  Stephens  / 

Treasury  Is.,  (Mom),  [3 1.].  1 
/,  f,  Blanebt  harU,  Wat-  K 
son  I J 

Bougainville  I.,  *  44  L,  C  \ 
Friendship,  B  end J 

—  C  Le  Cras.  (Id.,  [2  L?]) 

—  Gaselle  harbour    

—  Mt   Balbi.  10,171f.,  5  l.,\ 

inland j 

—  C.I'Averdi ,. 

—  Buka  L,  t  f .  N  Cape ' 

—  Summit  of  Buka  L,  1306f. 

—  Queen  Carola  harbour 

Indispensable  rt,  S  pt  ......... 

—  NW  pt 

Rennell  I.,  400f.,   ^   12  U\i 

SEpt /: 

Bcllona  I.,  400f.,  [3  1.],  SE 
P*.    


16 

57 
38 

29 

7 

40 

43*3 
8 


7  24 


6425 


iti 


56  »9  5 
156  50 
156  ap 

57  49 
156  40 
"56  34 

56  24-5 

■55  P? 

"55  34 

"55  5« 
155  20 
"55    S 

'54  54 

"55  " 
"54  35 
•54  33 
"54  29 
160  31 

"59  597 
160  40 

"59  47 


TABLE   10 


t>oft 


MARITIME  POSITIONS 


(131) 


Places 


Wew  Ireland  And  Wew 
Britain. 

Sable  reef   

Fead  In.,  or  Abgarris,  *fa  9  l.f  \ 

A  I©,  f .  S,  or  Goodman  I.  J 
Lyra  shl.,  *fe  4  L,lors,l  n 

centre /  ^ 

Sir  Charles  Hardy,  or  Verui ) 

Is.,  330f.,  [6  1.],  Ept  ...  I 
St  John  L,  450f.,  [3  l.],\  0 

tf,*„,Ept  /U 

Kaan  Is.,  [1  i],  (rky.  IsL  \  n 

2  L).  centre J  u 

Gerret  Denys  I.,  [5  L],  1 600f., "] 

(highest  of  these  islands), 

*f,P,mid J 

San  Francisco  L,  650f. 

Gardner  I.,  and  Fisher's  1,1 

(31s.  E-d„airhl.  W-d?)   I 

NSlOL,ab.  1600f.,  N  pt  f 

Fisher  I J 

Squally   U  [3  1.],  /,    *,t  n 

(small  Id.  S-d.,|0) /u 

Mathiaa'  I .  [8  L].  A,  vis.1  Q 

45m.,  ( Tumba ra),  sum.  J 

Cape  Santa  Maria -.0 

—  Holy  Haven,  S  side 

New  Ireland,  W  pt.,  C.  Teschke 

—  Port  Carteret,  ffi,  Cocoa- "J 

not  I.,  800f.,  NE  pt, 
▼o.^N,  *,  f J 

—  Port  Praslin,  ffl.SE  corn.,  w 

—  C  St  George   

Sandwich  I.,  [4  L].  pk.  600f.... 
Mansoleam  I.,  Byron  Strait ) 

«56f.    / 

New    Hanorer,   1640f.,   V| 
1 S  1.,  N  pt,  or  C.  Salomon 
Sweert I 

—  W  pt,  C.  Qu««en  Charlott 
Portland    Is ,  EW  7m.,  /,  \ 

large  L / 

Duke  of  York  I.,  [3  1.],  w',S 

r,  Port  Hnnter,  N  side, 

Mitchell  Pt J 

Father  and  Son  reefs,  Father  \ 

reef J 

New    Britain,    #    85    L,l 
Blanche  B.,  Matupi  I.  ...  I 

—  Father  Pk.,  vol.,  4000f.    ... 

—  C.  Palliser „ 

—  SE  pt,  C.  Orford,  i ,  SE  extr. 

—  C.  Quoy  (pk.  *|-  3m.)  ...... 

—  Pt  Beechey  

—  Port  Montague,  $ ,  w,  \  0 
r,  Pt.  Roebuck  (  u 

—  South  Cape,  rky.  islet  ...O 

—  C.  Ann  

—  C  Gloucester ...... 

Puportail  Is^sum O 

Willaumei  I.,  NS  6  1.,  S  pt 
Whirlwind  reef,  cenire O 


Lat  S     Lon.  E       (132) 


3°33' 

3  24 

1  53 

4  30 
4  3 
3  32 

3    « 

2  50 

2  36 

1  40 
1  40 


i54°36' 
'54  43 

'53  28 

'54  13 

'53  45 

«53  3o 

152  39 
152  43 
152    1 

15030 
149  40 


4    «    '53  14 
2  475 150  57  5 
2  42    150  39 


4  4'*4'52  42? 


4  49*8 
4  5i 
2  55 

2  42 


2  20 
2  28 

2  37 


152  485 
152  48  5 
15049 

'5o  33 

150  14 

149  55 
'49  39 


Ar    5"5  '52  28 


3  si 


4  '33 

5  1 

4  37 

5  20 

5  37 

6  9 


151  o 


52  12*2 

15'  3' 

152  205 
152  10 
I5>  47 
151  2 

150  36 

149  48 
148  21 
148  23 

151  21 

150  o 

148  '4 


Places 


* 


Rooke  I.,  %  7  1,1,  t,"| 
Dampier  Strait,  Luther  J 
Anchorage,  C.  King j 

—  Tupinier  I.,  [1  L],  A,  -*:*. 

Lottin  I.,  [4m.],  upw.  of  5000 f. 
Long  I.,  NS  5  L,  Reaumur  \ 

Pk.  at  N  end,  2O00f. / 

Mcrite  I.,  2150f.,  EW  4m.,  mi.l 
North  L,  small,  hot  spring,  I 

shoal,  5m.  NW / 

Gipps  I.,  hot  springs 

Victoria  reef 

Albert  reef 

Sherburne  rf.,  EW  4  L,  rks.  I 

VOf,  SEpart  J 

Circular  rf.,  [I  LI   T,  (al 

hg.|NW) i 

Sydney  shl,  rks. 

Elizabeth  1.,  [2m.  j,  /,    *  A 

aw  p.. L:J..} 

Purdyls.,*,3ls  P,(Mole,l 
Mouse,  &  Bat),  Bat  L.../ 


Admiralty  Islands. 

Jesu  Maria  I.,  700f.,  [&  rfa.\ 

3  1.],  «,  Fr  SW  pt,  t  ...  f 
Vandola  I.,  600f.,  [lm.],  f ,  F 
Los  Reyes,  8,  ■£■  3  L,  NE  one 
San  Gabriel  1.,  I2f.,  [2l.],\ 

Wend / 

Admiralty   I.,  3000f„  EW\ 

16L,NEpt,Negros  Is.  ../ 
—  Nares  Hr,   D'Enirecas-^ 

teau  rf„  E  ext  I J 

We  tern  Islet,  [Am.],  (bk.\ 

*  1  L)    / 

Sugar  loaf,800f. 


Anchorites    Is.,    3,    small,  1 

[3  1.].  41*.*   *>P / 

Pommerson  I 

Hermit  I*.,  500f".,  Alacrity  )  _ 
Hs  Peme  I (  e 

Bou dense  I 

L'tichiquier  Is.,  30  or  more, 
/,  rfs.,  5,  NE  extr.  

—  SW  extreme 

Durour  I.,  small,  flat..... 

Matty  I.,  small,  flat  

Tiger  I.,  NS  7m.,  P 

Two  Is.  (reported  1877) 


:} 


Ut.  S     Lou.  E 


5°28-3' 
5  96 

5  '8 
5  '6 
4  54 
4  32 

4  16 
4  16 
3  57 

3  15 

3  18 
3  20 

2  55 

2  51 


2  14 
'  59 
2  55 

158 

1  552 

2  12 
2  26 

«54 
045 
1  28-8 
1  26 
1    6 


I470467 

148  4 

'47  36 
'47  6 
'49  5 
'49    4 

149  16 
148  10 
'47  58 
148  16 

147  40 
146  50 
146  49 

145  54 


147  4« 

148  13 
148    $ 

147  33 
147  20 
14641 
146  3 
146  51 

'45  30 

'4$  17 

'45    57 

'44  34 

'44  30 

144  3 
143  *2 
142  56 
142  19 
146  o 


R  R 


«io 


TABLE  10 


MARITIME  POSITIONS 


(133) 


Places 


1 


S 

^ 

fe 


* 

1 


VOITH  9JLCTTJO 
OCIAV. 
Galapagos,   and   lalsutda 
•*  West  Cowt  at  Kartfc 

Aaeriet. 

Hooil   I..  *,  9m„  6*0?-,  T»T 

Card  er  B.  on  NE  side.  I 

*,b,w0 J 

Macyowen  rf,  [lm.]v  a  5.  ... 
Chatham  l„,p  4m ,  T  . *4»0t  1 

E  pt..  Ml  Pitt,  b,  800f....  f 
—  Freshwater   B.,    S  side,! 

watering  place    / 

Charles  I.   ^  9m.,  17801,  i 

w  W.  Post  Office  B^$', 

wp,  r,  Daylight  Pt.    | 

Gardner    I„    [Jm.],    760f.,\ 

(rk.  -V  Hm.) ( 

Albemarle     L,    NS    7am.,  \ 

4700f.,wwo,  Iguana  Core/ 
Nurborongh   L,  EW   17m.,  I 

C.  Douglas,  3720f. f 

Ind-fatigiible  I.,  EW  23m., \ 

Coaway  B.,  Eden  I / 

Jame*  I.,  %  20raM  James  B.,  1 

on  W  side,  $,  w,  E  Core/ 

Redondo  rk.,  85f„  T 

Towers'  L,  #  4m.,  21lf.,\ 

E  pt.    / 

Abingdon  L.  *fc  7uu,  *,  t'\ 

8  pt,  w0.  P0,  mid.  1950f.  J 
Wenman  I..  *fe  2m.,    *0,\ 

830f.,  *  4. / 

Culpvpperl.,[lm.]f550f.,  ♦  .  T 


Malpelo  L,  sum.  1200f. 

Cucos  I.,  [4m.],  r,  Chatham  1 
B.,Nside,  w  + / 

Clippcrton  rk.,  40f.,  lag.  I.,\ 

NSSnuA*. J 

Socorro  I.,  ah.  3707C,  « 

w0,  Braithwate  B 

Cbirion,  or  Cloud,  EW  8m., 

I/,  w^f,Pp,  Monument  rk. 
Bsiiedicito  I.,  /•  3m.,  975f., 

i,mid _ 

Roca  Partida,  11  Of,  O 

Alijos,  or  Lotos,  rks.,  4,  U2f. 

Guadalupe  I.,  NS  4  L,  4523f.,  \ 

S  islet / 

Islands  la  Central  Faclao 


Baker  I.  (Guano),  20f. 

Howland  I.  (Guano),  20f. 

Christmas  I..NS  6  1.,  lag.,t 

♦  f.w2,  t  W.Cookld./ 
Fanningl.,  P».J>*.  f  .ln 

w^P,  English  H'.../° 
Washington,  or  New  York 
Mfm.],  *    f.rf.  Jm., 

*  ••  Lo»  ▼illiige,  W  extreme 
Palmyra  l.,  EW  5  1.,  Iag„\ 

ww  P©,  Palm  Point  / 


!} 


Lat 


L0O.W 


South 
i°23'4 

1    9 
o  44 

0  504 

1  154 

1  21 

o  59*0 
o  20 

o  33 

o  121 
North 
o  14 

O  21 

0  34 

1  23 
I  40 

4  © 

5  33 

10  17 

18  43 

18  22 

19  18 
18  59 

24  57 
29    2 


89°4o' 

89  555 
89  16  5 

89  292 

90  272 

90  18  5 

91  285 
9«  40  5 
90  33 

90  512 

91  3^*5 

89  555 

90  44 

91  49 

92  o 

81  32 

87    t 

109  10 
no  57 
114  46 

no  50 
112    8 

"5  53 
118  20 


o  135  176  295 
o  400 176  40 

1 573157  28 

3  51-3 159  *a 


4  43 

5  52^ 

t 


160  24-5 
162  5 


(184) 


Places 


Kingman  shoal,  S.E.  extreme 

Johnston    Is.,    £7m.],    (rf.  ^ 

^Tm.,  Io)»mid J 

Sandwich  (Hawaiian) 
Island*. 

Owhyhee  L  (Hawaii),  NS  \ 
24l.,8pt,Ka  Lie    I 

—  Mauna  Loa,  mt,  13,650f .. 

—  Mauna  Kea,  13£0Af. 

—  Fast  pt.,  C.  Kmnukahi 

—  Byron  B.,  Hilo,  It.  F  155f. 

—  N  pt,  Upol*  !**•   

—  Kawaihae  B.,  It.  F  *0f 

—  Karakakoa  B.  (Kea la- \ 
*e*«a),  Cook  s  Monument/ 

Mowee  L  (A/aai),  V  14  l,\ 
E  pt.  Kauiki  Hd.,  392f...  J 

—  Kolukole  rk„  I0,030f.  ... 

—  Lahaina  town.  It  F 

Taliourowa  I.  (Aa/Wo*t>~» 

JMLtoofWpt,(rf.  }0 
*m.) J 

Ranai  L,*fe  7  L,  t^Palawail 
Pk.,  3000f. / 

Morotoi  I.  (MJokai),  EWl 
11  1.,  ^o,  Ept,  (Lani-J 
kaula) J 

—  West  pt  (Lae-o-ka\ 
Laaa),  It  F  50fc / 

Woaboo  I.  (Oaku),  *fe  13  L,\ 
S  pt  (Makapuu)  / 

—  8,  or  Diamond  Pt,  761  f.... 

—  Honolulu,  King's  cottage 

—  Konahuanm  Fk.f  (Pali),  \ 

3174f. f 

—  Pearl  Locks  (HonouliuK) 

—  Laelom  Pt^  It  F43f. 

—  West  pt  (Kaena)     

—  North  pt  (Kahuku) 

Atooi  L  (Kauai),  £  11  tA 
Na wili wili  llr.,  Sugar  bo.  / 

—  Hanalae  B.,  Charlton  farm 

—  Waialeale  Pk^  5000f.  

—  Waimea 

Onethow  I.  (Miham),  tf  7 1.,  \ 

OkuPt / 

—  South  pt,C.  Kawaihoa 

—  Kaeo  Pk.,  1500f.  

Tahoora  J.,  (Atf«/tf),[lro]  ... 
Bird  L  (Mod*  Ma*«),Llm  ],  \ 

♦  o»Po»880f. / 

Necker  U  [im.],  about28efn  \ 

French  Frigate  sbl.,  rV.,  V\ 
4  1.,  Id..  12*f. / 

Gardner  I.,  [Jm.]f  170f.    

Maro  rfLW  pt,  9$,  Tis.  5m.... 

Lajrsan  1^  t,  25/. 

Lisiansky  L,  [lm.],  if.  2nu,  1 
t  tandy,  W#f  (rf.  ^-2  1.)/ 


LatN 


6°23 
1645 


18  54 

19  29 
19  50 

19  30 
«9  43*9 

20  16 
20    3 

19  29 


I-Oll.  W 


Id2°l8j/ 
169  28 


155  4* 

'55  38 
«55  3* 
•54  S« 
55  7 
>55  53 
'55  5« 
156 


2* 


7 


156    as 


20  46 

20  427 156  17 
20  525  i56  42 


20  28 
2049 

21  9 
21    6 


18 


21  21 


21'5 

17 

34 
43 


21  58 

22  13 

22  3 
21  57 
21  58 
21  46 

21  53 
21  39 

23  32 


23  35 

2346 

25    07 

25  26 

25  48 

26  o 


■56  45 

156  54 
>5*  43 

157  19 

«57  39 

'57  49 
'57  52 

157  47 

158  1 
158    7 

158  17 
«57  59 

159  2-2 

'59  30 
'59  3' 
15940 

'60    55 

160  18 
160  10 

160  325 

161  55 

16439 

Iw6  16 

167  59 
170  30 
'7i  55 
'74    o 
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MARITIME  POSITIONS 


(IM) 


Places 


Pearl  &  Hermes  if.,  SE  I 

Midway  L,  SW  pt  of  Sand\ 

J.,»7f. / 

Cure  I.,  (Ocean,  Staters),  4  \ 

Sand  Island,  20f. J 


Basin  and  Volcano 


1 


UN 


Lon. 


We*t 

27°47'»i7505i' 
177  22 


28  12 
28t57 


Bonin  Is.,  No  14  1.,  N,  orl 
Parry's  grp.,  %  3  1.,  N  rk.  J 

Kater  I.,[&rki.  l^m  1  N  rk 

Peel  I.,  NS5m.,  SW  islet 

—  Port  IJoyd,  ffi,  w\  fc,  r,  I 
*,Kyo»e ] 

Bailey  Is.,  Ane  Tims    

Rock,  I  . O 

Rossrio(or  Disappointment)  | 
I.,  148f.,  [lm.],  rky.,i,V 

♦  o-* I 

Volcano  Is.,  3,  Sulphur  I.*  \ 

#Sm.,  644f. J 

_N  Id.,  San  Alessandro.2534f. 
—Sid.,  Sen.  Augustii  o.3039f. 
Forfana  (late  Arxobtspo)  I .  . 
Roek,7f. O 

Rica  de  Oro  rk.,  or  Lot's  \ 
Wife,466f. J 

Rasa  I ,  *fe  5raM  ♦  ,  220f....O 

Borodino  Is.,  2,  NS  4  L,  M 
Sandy,  R,  N  one,  40f.   ...J 

Parece  Vela(Bishop.Donfflas,  ^ 
Nautilus),  a  rk  12f.,  in  a  V 
tng.[lL],i8 J 


Xadrones* 

S-rata  Rosa  shonl  O 

Guam,  or  Guahan  I.,  ^  9  l.,*l 
Cocoa  I / 

—  San  Luis  de  Apra,  ffl.w.  r,  \ 

fort / 

—  North  pt,  Pt.  Ritidian 

Rota  I.,  #  4  L,  about  800*.  ... 

Aguijan  I.,  [1  1.],  centre  

TinianI.,NS4MoN>An-l 

son's  B.  at  SW  part,  t  „  J, 

w,  r,  Anson  Kay j 

Saypsn  I.,  #4  l.,ab.  1200f.,\ 

*,w,r,(rf.  W-d.),Npt/ 
Binl  L,  or  Furallon  de  Me-1 

dinilla,  #  2m.,ab.  50f.rks./ 
Anataxan  I.,  A,  Z  0t  f »  E  pt 

Sariguan  I 

Zealancia  bank  (Piedras\0 

de  Torres)  I Ju 

Gugnan  L,  NS  2m.,  E  pt. 

Alamagan  I.,  2316f.,  E  part.. 

Pagan  I.,  W  end.  1000ft    

Agrigan  I.,  P.,  W  end  

Assumption  I.,  [3m.],  2848f.  \ 

f  W,w,l, / 

Urracas,  3rks 

Farallon  de  Pajaros,  1089f.  ... 


178  297 


East 

45  J142  7 

31  ,142  12 

2  1142  10 

56142  ITS 


142  9 
141  58 

140  51 

141  20 

141  18 
141  28 
140  43*5 
137  59 

140  22 
131  22 
131  20 

136  13 


2833 

29  37 

27  16 

2448 

25  24 

24  18 

|25  43 
|24  2 

29  45 
24  30 
26  2 

20  28 


12  30 

13  13 
13258 

13  39 

14  75 
14  5* 


144  15 
144  38 

"44  395 

144  51 

145  »3 
145  3i 


(13«) 


Places 


14  59*4  145  36*2 

15  17*5  "45  465 


16  o 

16  20 
16  405 

16  52 

17  185 
t7  35 
iS  3*5 

18  50 

19  45 

20  o 
20  32 


146  o 

145  41 
145  46 

145  49 

145  51-5 

145  52 

"45  53 

145  37 

145  290 

145  21 

44  M 


^ 


Grampus  Is.  (Sebastian  Lo- ) 
bos?).  E.D J 

Marcus  I.,  60f.  

Wake,  or  Halcyon  I.,  [3m.],  1 
U«g.,  ♦,  f  0.*o'*»8f...J 

Gaspar  Rico,  or  Cornwall  is,  j 
(TtMnoi),  Tis.  5m.,  Scylla  I 
rka.,NS21 ) 


Marshall  Islands. 

Bikar,  or  Dawson  U,  [4  l]A 
9f.SI / 

Button,  or  KutusoT  Is.  \  ^ 
(Utirik),  N  L J 

—  S  grp.,  Taka  Is.,  S  pt. 


Krusenstern,  Tindle  &  Watte  ] 
Ailuk).  Is.,  *fe  5  L,  Ka-  S 
peniur  I ..J 

Count  Heirien,or  Lekiebls.,  \ 
*fe  8  1.,  Spasa.  14f. / 

Jemo  I.,  or  Steep  to  O 

New  Year  L,  (Jfiam),  NS  ^ 
3m.,  A  1 J 

Chatham  Is.,  N  grp„  Ro>  I 
tuanzoff,  (Otdia),  Port  S 
Noel,  E  islet   I 

—  S*grp.,  Erikub,  *fc  8  I.,  S  \ 
cxtr.,  (Airik) f 

Calvert  Is.,  *k  10  L,  NW  \ 

one,  (Kuven) j 

South  extreme  

looetson  I*.,  (Aurh),  *fa  4  U\ 
NEpt j 

Arrowsmith  Is.,  (Majuro)9\ 
*g  6  1., Caroline  I.,  W.  pt./ 

Arhno  Atoll,  Ine  I 

Miilgruve  Is.,  16  I.  ?],  small,  1 

rl's.,  Oo.  Port  R,lin   J 

Keats  shoal,  s • 

iBostoi,    or  Ebon  Is.,  Jurij  | 

Bonham  Is.",  (JoTvf),  £  8  l„l 

SEpass  J 

Hunter  L,  [2m.l,  (K*li) 

Baring  Is.,  Namorik O 

Elmore,  or  Odia  Is.,  J*  7  L,  \ 

South  Pass J 

Musquillo  Is.,  %  12  l.,rfs.,l 

lo»  W  pt  Nama  I J 

LibT.,  14f. 

Mentschikoff  Is.,  V  20  ••»  t 

EbadonI ] 

Lite  I.,  W  pass  

Uja,  rr  Cutharina  Is.,  NW  I. 
Schunz  Is.,  %  5  1.,  Wottho  \ 

I-Uf. J 

Rongebib,  or  Pescadores  Is.,  1 

14f.,Po,  South  L  J 

Rongerik    Is.,    J1     18    L,\ 

B«>ckl J 

AilingiuOB  Is.,  Knox  I. 
Biukini  or  EschholU  Is.,  *fe  \ 

7  1.,  NW  extr.    ...........  j 


LatN 


250  io' 

2\   14 
19   II 

14  SO 


Loo,  E 


I46°40r 
154    o 
166  31 

169    5 


12  14 
II    18 

11    3 

to  27 

9  49 
10  6 
10  18 

9  28 

8  55 

851 
8  30 
8  21 

7  10 
6  53 
6  14 

S  55 
4  365 


170  15 

169  54 

169  46 

170  o 

169  22 

169  42 

170  55 

170  17 

170    8 

170  49 

171  10 
171    2 

171  13 
I7i  43 
171  46 
173  3« 
[68  4r5 


5  555  169  43 


5  4« 
5  35 

7  15 

814 

8  19 

9  22 

8  58 

9  21 

10  10 

11  15 
11  24 
11  4 
11  42 


169 
168 


1 


1I8  48 

168  3 
167  28 
166  53 

166  27 

165  36 

166  6 

167  o 

167  35 
166  36 
165  25 


<1S 
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MARITIME   POSITIONS 


(1S7) 


PUOM 


|UiH 


Eniwetok,  or  Brown's  group.  1 j 
(8  LI.   tfc  lag.,    Po,    |ii0Ji' 

West  Point J  ; 

—  SB  islet,  or  Parry „....;  if  21 

Areeifoe,  or  Providence  I*.,  \ 
rf»Jo*»  U/«laogI.,i4C/ 


Greenwich    Is.,  (Kapimga- 

marangi) . 

Indiana  reef  

Two  Is.  (reported  1877)  ~. 


lm..") 

*wl 

...J 


CatroUa*  lelasHla, 

Ualaa  L,  (8t*mg  I.),  #  8m 
Coquille  Harh.    on  NW 
tide,  S,  w,  r.  NK  islet 

—  Mt  Croier,  ab.  2l55f. 

Pingel&p,  or  MaeAskill  Ia.,\ 
3,  [2m.1.  Tugul*  I J 

Doperrej  Is.  &  rf.,  ^  3m.,  or  \ 
MokilL.Spt / 

8enkTiaa  Is.,3*rps**fe  131, ) 
Punapi  I.,  EW  5  1.,  ff.l 
Pr  Tolooolroe  Pk-  286 If.  J 

Andema  Is.,  #31.,  rfc,  S  pt. 

Pakin,  or  Pagnenema  Is.,1 
Kapenuar  L    / 

Ngatik  li,EW3Ul 
loP„Ept. 


Bordelaise  I.,  8.  Augostin  I. 
107f^  [4m.],  f(l  NW, 
rf.  SE3L)... 

Monteverde  Is*  Noknor,  E  \ 
pt^  *|*  2  L,  lag.  / 

Mortlock  la,  %  6  U  * ,  La-  \ 
kanor  L,  EW  7m.,  lag.  | 
Port  Chamisso,  ffl,  *  f » j 
ww^Entr J 

—  Etal  Is.,  NS  4m.,  N  pt. 

—  Ta,  or  Sotoang  grp..  8  pt. 
Namoluk  Is.,   WoE,  (Tai-\ 

«o«t«),3,*3m,J / 

Losap  I. 


D'UrrilleL,  3  islets  on  a  rf.,\ 

A  f,* / 

Trok  Is.  (Jftyofc),  **\*U\ 

P*  8  islet  8/ 

-tsisL,[fin.],rft.,  tf.l 

wN,  t  NW,  Npt  ...ei 
Mourileu  grp.,  J*  7  L,  E  isle 
Namoliprfao  grp.,  J±  5  I.,"! 

lag.  J  8,  Namuoe  islet ...  / 
Lntke  I.,  or  East  Fain,  [Jm.],^ 


15L,1 


Hsh  t  f,wwc 
Namonuito  grp.,  EW 
E  islet,  Pisaras  

—  N  extr.,or  Magur  islet, 

—  W  extr,  or  Uln)  islet  , 
Martyr^  Is.,  NS  7mn  *,\  n 

F,  N  iald.,  Ollap  i° 

—  8  Id.Tamatam,(W  Id.  \  ~ 
Fanadik) /° 

Enderby  Is.  2,  f ,  f,  (a  bk.  t.1 
*h  2  L),  (NW  one,  Alet ;  I 
8E  one,  Pbxoat) J 


9  4* 


Lon.E 


«     4 

3  *> 
o    o 


21'3 


1620    5* 

162  25 

161     1 


154  45 
160  18 
146    o 


163    0*7 


19   1163    25 
14  5  160  52 

«59  53 

158  12 


6 

48 

37 
52 

20 

37 
17 

55 

53 

59 

57 

185 
8  42 
825 

8  33 

834 

8  597 
8  36 

7  37 
7  32 
7  20 


157  54 
■57  43 

157  31*5 
"55    9 
155    o 

153  5« 


153 
«53 

"53 
152 

152 

*5« 

151 
152 

151 
«5i 


42 

48 

16 
43 
34 

5« 

48-5 
26 
49 
26 


150  32 


150 
149 


I4'i 
47 


149  31 
149  30 


149  n 


(13«) 


Places 


Sorol,  Philip  la.,  8.B  I 

Pevs,  or  Tromelin  I.,  [lm.], ! 
I  *,nolai?.,  *0.  L80f.j 
Uluthi  Is.  (Mackeniiu),  *fe 


7  l„  lag.  *   *,  N  extr. 
Mogmogl 

—  8  extr,  Pugelug  L   

Yapl,  U50f.,NS3l.,f,(rf.  \ 

S-d.),Torail&,ltF,25f.  f 

Hunter's  retrf. 

Matelotes  Is.  (Npoli),  J*  9  \ 

U4  *f,Io.SL  / 

—  North  I.,  150C  


S*uk  I.,  or  Pulosok  L,  N8.\  - 

*«.,*  * J° 

Ian  1  he  and   Nile  8hoals,  1  ^ 

[Jm.].  sf„  P.D. f  ° 

Piktkx  Coquille,  |  im.1,  on  a  \ 

rf.  #f.Po   / 

Fain   I.,  We>t  rf.  #■  6m^  ( 

islet  in  middle,  t  (' 

Satawal  (Tucker)  I.,  ( lm.],  P 
Swede  la.,  (Lamotrek),  6,^  1 

3lL,8&Eialet / 

—  Elato  Is.,NS2l,  N  pt 

OKmarao  Is.,  *J*  2nu  N  mlet... 
Farauh  p    Is^    3.    [2m.],  I 

^Spt    /e 

Ifalik  la.  (Wiisou),  [2in.]y1 

lag.,  SW  extr. / 

Ulie  b.  (Thirteen  Is.),  KW\ 

CmM  E,  or  Raor  L    ^sfi  t 

»E,|SE),Npt    J 

Iaripik  (Kama),  2   la,   ^1 

S^nu,  E  pC / 


Ut.  N 


?} 


YeJew  InlAadSv  *c. 

Palao  or  P<rlew  I«u.  ^  ^9*) 
U  f,  P,  (rft.  KW-d  )4  9 
KorrorHr  J 

—  Kajangle  L,  [2m.],  (rf.l 

%  ^  1.)  r 

Baobeltaob,  N  extr^  reef 

—  Anganr  I.,  4m.,  wp  L0, 8  pt. 

Polo     Mariere,    Warren  1 
Hastings    1^  NS  2m.,     O 
m4l,f  I 

Polo  Anna,  or  Current  I.,*| 
[*».]./,  t(rf.W,  lm.), 
via  10m I 

Sonserol  la,,  or  8t  Andrew,  \ 
2, small, 4  tt!0,vial2m./ 

Nevil  I.,  or  Lord  North,  VI 
lJm^A  t,(rf.  E) / 

Helen,  or  Carteret  *hl.,  5  #  \ 
3  U  rks.  4f.,  N  pt.  isler,  J 
2  t I 

St.  David's,  or  Freewill  Is,-) 
4,*5L,A  t  f,Fmid., 
▼is.  I8n*  ..•••••«•••••••«•••••  J 


6°  40* 

IS   53 

(5  3« 

8  9 

8  3 
7  22 

7  27 

7  30 

7  43 

8  35 
7  14 


Loo.  B 


«49°«' 

•45  39  I 

145  4»  ' 

147  4^ 

146  50 

147  6 
146  31 
146  19 
'45  0 
144  36 

144  30 


7  21  5  14a  <tf  5 


6  40 

8  6 
946 

10  6 

946 

9  25 
9  58 
8  15 
8  35 


7  19 


8  3 

7  47 
6  50 


4  «9 

4  38 

5  20 
3  * 
3  o 

o  57 


"43  !« 

>40  24 

Mo  35 
139  46 

139  4i 
138  6 
13823 
"37  35 
137  40 


134  32 

■34  38 

34  33 
134  10 


132  28 

132  2 

132  16 
131  5 
»3«  52 

134  21 
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MARITIME  POSITIONS 


<ltt) 


PImc* 


I 


Lat  N      Lon. 


Frans  Joseph  Land,  Wile-  "I 
set  In  C.  Hansa    J  . 

C.  Flora.  Jackson  wintered  1 
(1806-6)    /: 

C.  Mary  Harm 8 worth  

Frederick  Jackson  I.  Nnnsen  \  \ 
wintered  (1895-6)     \  \ 

C.  Gerraania,  1200f ! 

Hridtland  I 

Nansen's  farthest  (1895) 

Fram's  farthest  (1895 ^ 

Capt  Cagni's  farthest  (1900)  j 

C.Gr.nt 

Gillia  Land  (1707)    O 

K  ng  Charles  Is.,  East  extr.O 

—  Swedish  Foreland,  N  extr. 

Spitsbergen. 

Snierenberg,  $',  nsd 

Hackluyt's  Headland 

Cloven  Cliff   © 

Moffen  I.,  rim.],  /,  N  pt 

Vertegen  Hook,  T    © 

TreurenbergB ,  HedaCove,  % ' 
Hinlopen  8t  Hyperite  L  ... 

North  Cape 

Walden  I.,  *  1  Jin.,  b.,  NW  pt 
Liitle  Table  I.,  [Jm.].  750f.... 
Charles  XII.  L  .?..... 


Parry's  farthest  (Jnly  1827)... 

C.  Leigh  8mith 

C.Mokn 

Ryk  Yse  Is.,  E.  pt O 

Thousand  Is.,  High  rk 

Stor  Fiord,  Fox  Ness © 

Hope  L,  J^  9m.,  W  pt 

8.  Cape,  or  Look-out 

Hornsunds  Pk.,  4560f 

Bel  Sd ,  Separation  Pl © 

Ice  Sound,  pt  S  side,entr...O 
Charles  I.,  8.,  or  Saddle  Pt  O 

Fair  Foreland O 

Cape  llhra - 


Bear,  or  Cberie  I.,  1200f.,l  _ 
South  H' /° 

Jan  Maten  I.,  C  Northeast,  1 
or  Young's  Foreland J 

—  Mt  Beerenberg,  5836f.  ... 
C.  South    A 


Iceland. 

Portland  I -........„...., 

Hvalsbak  rk.  ...—..••'. , 

C.  extreme,  orPt  Gepirhuk. 

C.  Langanaea  ..•„ , 

C.  Revsnig , 

Grimsey  I.,  ^  4m.,  N  pt 

Mevenklint 

North  C „ 


8o°23' 

79  55 

So  28 

81  13 

81  58 
81  38 
86    5 

85  57 

86  34 

80  o 

81  30 
79  o 
78  y> 


79  43' 
79  47 

79  45 

80  1 
80  4 
79  55  3 

79  42 

80  32 
80  36 
80  48 
8043 

82  40 

80  11 
79  15 

77  50 

77  2 

78  3 
76  37 
76  27 

76  5* 

77  38 

78  7 

78  i$ 
7858 

79  5 

74  22 
71    8 

7i  4 
7049 


63  *3 

64  40 

65  5 

66  23 

66  33 

66  34 

67  9 
66  28 


East 
59°  32' 

49  40 
42    o 

55  45 

57  45 

63  o 
96  30 
66    o 

64  30 
47  40 
36  o 
32  40 
26  40 


11  15 

11  5 
11  45 
14  42 
16  25 
16  57 

19  o 

20  14 
20    o 

20  22 
25    12 

19    o 


28  7 

2«;  0 

26  0 

21  20 

| 

19  2 

25  30 

'ft 
2 

16  50 

16  18 
14  50 

3 

14  7 

12  30 

10  35 

11  29 

29  18 

8* 

West 

* 

7  50 

8  10 

9  8 


19  6 
13  12 

13  26 

14  30 
16  9 
18  1 
18  34 
22  26 


(no, 


Place* 


W.  pt..  or  Staalborubuk  ., 

Sueefeldsyoket,  4696f.  

KrtktHvig,  Holmenshaven.. 
C.  Reikianes,  It  F  I80f...., 

Mt  Heckla.  5364f.     

Oster  Yokel,  5964f. 

Westmanoerne  Is^  S  pt 


Greenland. 


C.  B:smarck   

Shannon  I.,  /  8  ).,  S  pt.,1 

or  O.  Philip  Broke / 

P.  ndulum  Is.,  2,  #  5  1.,  3000f 

C.  Borlase  Warren 

C.  Hold  wirh  Hope  of  Hud- 
son, SOOOf. 

Bontekoe,  EW  3  1.,  SE  pt 

C.  Parry O 

Traill  I.,  C.  Young    O 

Canning  I.,  C.  Waidlaw   ...O 
Liv  rpool  I..  NS  23  L,  S  pt 

—  Church  Mt„  2967f.  , 

Rathbone  I.,  E  pt 

C.  Brewster,  1   , 

C.  Tupinier O 

King  Christian   IX.  Land,\ 

Leifs  I.,  2300f.   j 

Hoidsadlen  I 

C.  Moltke  

C.  Addaer  

C.  Farewell,  Tis.  30  L    


C.  Desolation „ 

Fredericksbaab  Church 

Lichtenfels 

Godihaab    , 

Hoist*  inburg  

Wbalehsh    Is.,    KronprindO 

sens  I.,  $,  fL  st J 

Disco  1.,  Jfelssungoak  Pt 

—  N*»rth  pt„  Iglorpait  

—  Godharn    

Way  gat,  or  Hare  I.,  [5m.]  .. 

Black  Head 

Sanderson's  Hope  

Upemivik    

C.  Shackleton,  UOOf. * 

Deril's  Thumb,  1300f.  

Red  Head   

Sabine's  Is.,  SW  one O 

C.  York,  Immagen 

C.  Dudley  Digget,  1 ,  800f. 
North   Star  B..    (Saunders  1 

wintered  1849)  „ / 

Cary's  Is ,  Southern  , 

C.  Parry 

Hackluyt  L  (Afpagiuak),  Wpt 


C.  Alexander 

PortFoulke   

Rensselaer  B.(Kane  wintered  \ 

1855-4-5)  / 

M-Gary  I 

C.  Calhoun 

C.  Constitution 

Joo  Island 


LatN   Lon.  W 


6S30' 
6448 
64  8*6 
63  49 
63  58 
63  36 
63  24 


76  47 

74  55 

74  38 
74  14 

73  26 

73  29 
72  22 
72  16 

7i  47 

70  26 

71  4 
70  40 
70  II 
68  42 

65  55 

65  3 

63  36 
61  49 

59  49 

60  44 

61  59 

?  3 

64  10 

66  56 

68  589 

69  39 

70  19 
60  13  9 
70  27 
7«  38 

72  42 

72  469 

73  44 

74  20 

74  58 

75  25 

75  55 

76  8 

76  3« 

7640 

77  26 

77  19 

78  11 

78  18 

78  37 

79  16 

80  6 

8033 

81  23 


24°3<>' 
23  43 

21  53 

22  40 
19  38 

19  33 

20  15 


18  30 

17  33 

18  30 

19  *3 

20  29 

20  40 
22  2 

21  52 

22  o 
21  55 
21  37 

21  15 

22  o 
25  5 
35  3o 

39  5 

40  22 

42  o 

43  54 

48  6 

49  44 
5<>47 
51  46 
$3  42 

53  i4*o 

5i  $5 

54  36 

53  42 

54  45 

55  50 

56  15 
56  27 

56  40 
5647 

57  «5 
,8  50 

33 
6843 

6845 
72  41 
7i  8 
1%  30 


& 


73  21 
73  o 

70  53 
6s  o 
67  23 
66  30 
63  31 


•14 


TABLE  10 


MARITIME  POSITIONS 


(141) 


Places 


LatN 


^ 


Thank-God  Hr„  Halls  Rest. 

C  Bryairt  

Mt  Hooker   

C.  Brifc.nnia,  2050f.  

C  Beanmont 

Mark  ham  ].,  C  Neumayer  ... 
Lockwood    I.,   Lock  wood's  1 

farthest  (1882)  / 

C.  Robert  Lincoln O 


Grant  and  OrlsmeU  &aaa. 

C.  Alfred  Ernest 

C.  Columbia  

C.  Joseph  Henry   

Markliam*sfertbe*t(1876)    ... 
C  Sheridan  (Sir  G.  Nares) 

wintered  1875-6) / 

C.  Union 


Di«coTery  Harbour    

C.  Baird 

C  M'Cliotock .. 

C.  Louis  Napoleon 

C.  Sabine 

C.  Isabella 

Clarence  Head   

Cobourg  1&,  East  L,,  Prm-  \ 
cesa  Charlotte  Monument  J 


Worth  Heron. 


C  Horsburgh „ , 

C.  Osborn  

C.  Warrendtr 

C.  Bullen    

C.  Hurd,  1    

0.  Riley  

Beechey  L  (Franklin  win-*i 

tered  1845-6) / 

Baring  B.  (Belcher  wintered  \ 

1*53-4)  / 

N.  Coruwall,  Mt.  Greenwich 


Parry  Xelaade* 


8i°37' 
82  23 
82  30 
82  44 

82  48 

83  1 
83  *5 
8332 


82  14 

83  7 

82  49 

83  205 
82  26 
82  15 

81  43 
81  32 
79  58 
79  38 
78  43 
78  16 
76  41 

75  39 


74  55 
74  24 
74  28 
74  22 
74  32 
74  40 

74  43 

75  40 
77  36 


Lon.  W 


Corn wallts  I„  C.  Hotham 

—  Assistance  B 

Giiffith  I.f  *t  8  1.,  8pt 

Lowther  I.,  J*  9  1M  8  pt , 

Bathurst  I.,  C.  Cockburn,  A ... 

—  I-yall  Pt 

—  Sherard  Osborn  I.,K  pt.... 
Byam  Martin  L,  C.Gillman... 

Melville  L,#  441,  Win- T 
ter  Harb.  (Sir  E  Parr*  k  © 
wintered  1819-20).....'.  J 

—  W  extreme,  C.  Russell 

—  N  extreme,  Markham  I. ... 

Ellington  I.,  C.  Nares  

Prince  Patrick  I„  Land's  End 
Polynia  Is.,  Ireland's  Eye 


74  38 
74  37 
74  28 

74  26 

7k  3 

70  39 
76  47 

75  o 


74  47*2 

75  *4 

77  00 

75  34 

76  16 

77  49 


6i°37' 
54  46 
50  41 

49  00 

50  30 
48    o 

4045 
39  35 


85  55 

70  23 

6336 

63  7 

61  21 

61  8 

6446 

64  32 

70  50 

72  19 

74  15 

75  33 
77  48 

77  45 


79  3 
81  42 
81  51 
85    o 

90  3 

91  48 

91  45 
91  52 
94  4« 


93  34 

94  16 

95  20 
97  40 

100  23 
104  58 
100  o 
104    8 


no  48-2 

117  40 

«09  43 
119  30 
124  6 
115  30 


(Hi) 


Places 


v: 


J 


C.  M'Clure 

—  Buy  of  Mercy  (InvestiO 
gator  abandoned  1853).../ 

Prince  Alfred,  C 

—  C  Kellt-tt 

—  Nelson  Head 

—  Princess       Royal       Is.\ 
(Mdure  wintered  1850-1)  J 

»riaee  Albert  laa«. 
Prince  of  Wales  Str„  Peel  PL 
Kamsay  I.  (Col  inson    win 

tered  1851-2) 

a  Wollaston 

C  Baring    , 

C.  Bjck  (Rae's  fimbest  1351) 


Lat  N 


Wollaeton  and  Victor* 


C.  Ladj  Franklin  

Cambridge    B.     ( Collinson  \ 

w intend  1852-3)    / 

Point  Back 

Lind  1,  South  pt.  

Gateshead  L  

Mimg  WlUlaa*  San*. 

Victoria  Strait  (Erebus  and  I 
Terror  abandoned  1848)    ( 

C.  Felix 

Pt  Franklin   

C  Croaicr  

C.  Herscbel. 


Mnee  ef  Wales 

Cape  Swinburne    

Pt  Allen  Young 

MintoHead ^ 

Parker  I 

Palmerston  Pt,  600f.. 
CapeMcClure    


Wortb  Seoaerset. 

C.  Rennel    c.„ 

Leopold  Is^  N  one,  l,  E  pt... 

Port  Leopold  (James  Rossi 
wintered  1848-9)  / 

Batty  Bay 

Funr  Pt  (H.M.S.  Fury^J 
abandoned  Aug.  1825;  Sir  \ 
J.  Ross  wintered  1832-3)  | 

C.Garry ..'. 

Bellot  Strait,  Pt.  Kennedy! 

(M'Ciintock  wintd.  1858-9)/ 

Coekbrnra  lelaad. 

C  Knter „... 

Sberer's  Mt   M 


74°33' 

74  14 

74    7 
7i  55 

71  2 

72  45 


73  20 

7i  36 

7i  3 
70  o 
70    9 


6833 
69    5 

6837 
7025 


69  49 

69  55 
69  28 

69    4 
68  42 


Mount  Matbeeon 68  45 


71  13 

72  IO 

73  4 

74  14 
74  7 
72  50 


74 
74 


7 

3 

73  SO 
73  13 


7a  40-5 

7*  23 
7*    * 


71  54 
73    2 


Losl  W 


I20°50' 

118  15 

124  o 

125  28 

122   24 

"7  44 


"3 

119 
118 

117 
116 


54 

5 

9 
o 

o 


113  10 

105  10 

103  16 
102  5 
100  38 


98  49 

97  55 

99  10 
100    4 

98  a 

95    f 


99  00 

101  55 

102  40 
100  35 

97  44 
96  36 


93  14 
«9  53 

90  12 

91  8 

9i  53 

93  «7 

94  14 


89  59 
89  20 


TABLE   10 


815 


MARITIME  POSITIONS 


(14.1) 


Placet 


Port  Bo  wen  (Parry  win-\  m 
tered  1824-5),  Stony  Lj  9 

C.  York  6 

C.Crawford  e 

C.  Charles  York    

C.  Hay    

Possession  Mt  f  2200f.    

a  Walter  Bathurat    

C.  Graham  Moore O 

C.  Bowen    O 

C.  Adair O 

Agnes*  Monnmeut,  1 ,  40f.  O 

f  ape  Raper     

C.  Kater O 

Cumberlaad  Xslan*. 

C.  Searle O 

Cape  EHer  of  Davis  O 

Mt.  Raleigh,* O 

C.  WaLdnghaTii  O 

C.  Mercy  of  Davis 

Cumberland  Sd.,  Nijud  "\ 
luk  Harbour  / 

—  Kiogaite  Fiord,  Union  Hr. 
Kingawa  Fiord  O 

—  Harrison  PL 

Hall  L,  Mt  Wiirwick    O 

Frobisher  B.,  Jordan  R.    

Resolution  I,  *j,  13  L,  E\  ^ 
pt,  or  C.  Warwick f° 

—  S  pt„  or  Hutton's  H«  ad-\ 
land,  or  C.  Best / 

Lover  Savaye  I. 

Saddleback  I O 

Upper  Savage  L,  %  3 1.,  E  pt  O 
North  Bluff 

Vox  I*n4» 

King  Charles  Cape O 

Queen's  C O 

C.  Weston  O 

C.  Dorchester o 

Pt.  Peregiine  (Fox's  farthest,  \ 
1631)  / 

Southampton  Xslavnd. 

Southampton  Is.,  %  83  l.,l  0 
Npt,  orC.  Frigid /  u 

—  E extr.,  or  Seahorse Pt....O 

—  C.  Kendall 

Tom  I,  [4l.],Spt O 

Coats  Lf  C.  Pembroke O 

—  S  extr.,  or  C.  South-  \  n 
ampton ../  u 

VOSTH  AM1SICA. 

Pt  Barrow,  (Noowook)    

Port  Moore  (Maruire  winO 
tered  1852-4),  Magnetic  I 
Obskrvatort $  J 

Tangent  Point   .................. 

C  Halket    «••••••*••••....•••«•••• 

Pt  Bcechey 


Lat.  N 


730i3'6 

73  5o 
73  53 
73  50 
73  5« 
73  ** 
73  «8 
72  56 
72  21 
71  3* 
7o  33 
69  44 
69  12 


67  13 
6648 
6634 
66    4 

64  51 

65  7 

66  23 

67  16 
64  57 

62  33 
03  45 
61  40 

61  21 

61  35 

62  11 
62  33 
62  32 


64  22 

64  45 

65  35 

66  21 

66  40 


65  59 

63  35 
63  42 
63  10 
63    o 

62  10 


7i  23 
7«  21*4 

71  10 

70  49 
7024 


L00.W 


88°54r7 

$6  40 

83  5o 
82    o 

79  5o 
77  35 
76  36 
76  10 

74  45 
71  29 
68  15 
67  30 
66  53 


62  22 

61  15 

62  18 
61  15 

63  43 

64  25 

66  25 
68  o 
66    5 

64  o 
68  55 
64  30 


65 

0 

66 

7 

67  43 

70 

0 

70  25 

77  5° 

7« 

12 

78 

12 

78 

0 

76  50 


85  30 

80  7 

87  15. 
87    o 

81  20 

83  45 


156  22 

156  16 

154  46 
152  15 

«49  37 


(144) 


Places 


Upturn  reef    C 

Flaxman  1.,  5 Of..  N  side   , 

Camden  B.  (Cotlinsoa  win-  ) 

tered  l*>53-4) J 

Pt  Manning  , 

Hcr*chel  I.,  8  pt  

Mt.  Cu|K>la 

Mackenzie  It,  Shoalwater  B. 

Pellyls..  [11.1  

PulenI 

Warren  Pi , 

C.  Dalhousie  .., », 

C.  Bat  hurst 

I*.  Parry,  NEpt 

Keats  Pt „ 

Sir  S.  Clerk's  I.,  fcE  pt    ...... 

a  Bexley   


C.  Krusenstcm  

Copi  ermine  It*  mouth,  E  side 

C.  Flinders 

Back's  Western  Ikver  

Turnagain  Pi 

C  Alex  nder 

Melbourne  I..  EW  6  L,  E  pt... 

White  Bear  Pt  

O'Reilly  I.,  [4  1.],  NW  pt  ... 

Cape  Gedde    

Pt.  Ogle 

Cock  burn  B.,  month  of  Great  ^ 

FUh  or  Back  River  J 

Cantor     and      Pollux 

(Dease     and      Simp* 

1839,  Rae  1854). 

Stanley  Island 

Hull  Bay 

Boothia  Isthmus,  Josephine  B 

Magnetic  Polk  (1831)   

C.  Nikolas  

C.  Hobson  

Murchisou   Promontory,      1 

Northern  pt  of  America./ 


son  > 


Elizabeth  Harbour 

Victoria  Harb.  (Boss  aban-1 

doncd  the  Victoria  1 831-2)  / 

Felix  Harb.,  M'Diarmid  I.  \ 

(Ross  wintered  1829-30)  J 

Pelly  Bay,  Parker  Peak 

C.  Chapman  

Rae  kthmus,  C.  Simpson 

Cape  Richardson 


C.    Englefield,    Fury    audi 
Hecla  Strait    J 

C.  Ha.loaell,  (N  head  of  do.) 

Igloolik     I.,    EW     9m.,  1 
(Parry  wintered  1822-  )  © 
3).  Ept J 

Arlagnuk 

Ooglitls 

Ooglit  I.,  [2ro.]*  L 

C.  Jerraain 

C  Penrhyn 

Winter  1.,  *fe  10m.  t  £,61 
pt,  or  C.  Fisher  (Parry  I  $ 
wintered  1821-2)  J 


Lat  N 


Lon.W 


70*25' 
70  11 

70    8 

70  7 
69  34 
68  45 

68  49 

69  3* 

69  45 
6947 

70  16 
70  36 
70  6 
60  49 

69  33 
69    o 

68  28 

67  48 

68  14 

66  28 
68  39 
6855 
68  29 
68  9 
68  12 
68  31 

68  17 

67  13 
6832 

6844 

69  20 

69  39 

70  5 
7025 

71  26 

72  o 


i48°3o' 
'45  50 
145  29 

14*40 
138  54 
137  53 
136  27 

135  33 
134  20 

«3*  35 

129  10 

127  30 
"3  35 

122   O 

118  O 

115  52 

"3  54 

5H5  3i 

109  14 

107  49 
10835 
>o6  19 
i<H  So 
103  30 
99  24 

96 15 

95  *4 


94  o 

94  50 

93  42 

94  40 

96  47 

97  o 

95  55 
94  37 


70  38   91  46 
70  93  91  25 


69  597 

68  25 

69  15 

67  20 

68  50 

69  5« 

69  57-5 
69  21 

69  12 
68  58 
68  24 
67  47 
67  25 

66  11*4 


91  50 

8936 
89  o 
*7  2 
85  1$ 

85  3o 
85  26 

81  31 

81  30 
81  4 

81  38 

82  o 
81  25 

83  10*0 


610 


TABLE  10 


MARITIME  POSITIONS 


<I«) 


Placet 


UN 


Lon.W 


0*6) 


Placet 


Lat  N 


4 


Baffin  U  ^  7m.,  SB  pt    

R«pul»e  B„ head  Fori  Hope.. 
Wager  R.,  8  cape  of  entr.  ... 

XVMOWS    BAT. 

Chesterfield  Inlet.Wafg  I...  O 

—  H<ad  of  inlet 

Marble  L,  £  part  O 

Whale  Core    O 

C.  Esquimaux O 

Ohm  chill  Battery  Beacon... O 

G  Charchill   O 

York,  factory,  rol  f 


65*40' 
66  33 
65  «3 


63  21 

64  o 
62  41 
61  10 
61  S 
5846 
58  52 
57  2 
57  22 
55  58 
55  23 

55  9 
52  12 

5"  «3 
5i  23 

52  10 

54  «7 

52  49 

53  57 

55  o 

56  14 
55  55 

57  30 

58  18 

58  37 

59  55 
58  46 

60  50 


Mansfield    I.,   J*  19    l,lJ6l  „ 

8outhpt /      1       33 

—  North  pt O62  37 

C.  WosUnholrae O  62  37 

Digfle*  !*•»  W  extreme  ...... O  62  34 

Nottingham   I.,  *fc    Ul,\ 

Spt.,  (tshL  7m.)  Ju 

Salisbury  I.,  %  9  I.,  SB  pt 

Millsl.,  Npt O 

Charles  I..  C.  Moses  Oetes  O 

GWeggs  Island    O 

Stnpart  Bay    , 

C.  Hope's  Adrance, 

Green  I O 

A  k  pat  ok  I.,  E  « nd 

Kokaoak  R./flie  Wort,  165f. 
Fort  Chlmo. 


I 

C.  Tatnam  /....7.. oi 

Severn  Fort O 

C  Lookout O, 

C.  Henrietta  Maria •«• 

Albany  Fort  Oj 

Moose  Fort 1 

Rupert's  House C 

East  Main  Fort  O' 

North  Bear  I O 

Agoomaka  L,  ^  17  U  8  pt.  Oi 

South  Cub O' 

Long  I..  J*  6  1.,  S  pt O 

Richmond  B,  entr. O 

South  Belchers,  cent  re  O 

King  George's  Is.,  centre  ...O 

Sleepers,  N  part O 

Brothers,  East  Bro O 

Otuwa  Is.,  NE  I O 

C.  Duffer  in O 

Smith  L  O 


*«•••••••••< 


IiftBWAIfOm. 

C  Chidleigh,  1500f. 

Button  Is.,  NS  3  1.,  ris.  7  L,  ) 

NE  pt ] 

Eclipse  Hnrb.,Mt  Bache,2150f. 
Naehvak  B.,  H.  B.  Co.  Post  ... 

Hebron  Mission  Station 

Mt  Thoresby,  2773£.9  Port  1  n 

Manvcrs,  w,  b ..J  u 

Nain 

Hopedale  Harb.  Obs $ 


63    6 

63  22 

64  4 
62  47 
62  31 
61  33 
61  17 
60  ,8 
60  10 
58  29 
58    8 


6033 
60  51 


59  50 
59  3 
58  16 

56  53 


«3°*9' 

86  56 

87  28 


91  14 

95  5o 

90  30 

92  50 
94  o 
9*  10 

93  >4 
92  26 

91  10 
89  12 
85  13 

82  45 

81  50 

80  4a 

78  29 
78  32 

81  6 
81    o 

79  42 
7848 
77  15 
89  48 

80  10 
80  40 
80  o 
79  38 
79  i! 

79  7 

80  20 

79  52 

77  26 

78  5 

77  50 

76  30 

77  50 
74  o 
74  o 
7i  33 
70    2 

67  52 
66  36 

68  7 
68  18 


64  15 

64  39 

64    2 

63  52 
62  40 

61  19 

56  329'  61  407 
55  271,  60  125 


S 


co 


Aillik  Harb.,  G  Mokkorik 
Webeck  Harb.,  Harbour  rocks 
White  Bear  la*  Middle  L,  1 90f. 
Hamilton  Inlet,  Rigoulette   ... 

—  Goose  B.,  Rabbit  L 

Cape  Porcupine,  S43f.    

Outer  Gannet  L,  I04f. 

Cartwrijrht  Hh.,  Caribou  Castle 

Gready  Harb 

Indian  Tickle,  Indian  ItL,  360f. 

Roondhill  I.,  I74f. 

Occasional  Harb.  Obs 

C.St.  Fraicis.  U5f. 

C.  St  Lewis.  St.  Lewis  rk.   ... 

Battle  Is.,  Double  L,  IdOf. 

Table  Head 

Belle  Isle,  *  9uu,  It  F  4 7 Of. 

Chateau  B.,  Castle  I.,  S  pt.  ... 

Amour  Pt^  It.  F  155f.    

Greenly  I ,  It  Rer.  lOOf. 

Bradonj  hills,  stun.  1264C 

Old  Fort  I.,  [Ijin.]  

Shagrks 

Eagle  Harb.,  E  side.  entr. 

Grt.  Mecatina  L,  \  Sim.,  \ 

-rf^.SEpt  J 

Murr  Is.  and  rks.,  [1  1],  \ 

Eextr.    / 

Little  Mecatina  L,  +  6m^ 

Spt / 

8t  Mary  rks.,  [2m.],  S  pt  ... 

South  Maker's  ledge 

G  Whittle,  (rks.  £  8m.) 


Quirpon  I.,   N   pt,  or  G\ 

Bauld,  T.  It  Alt.  14  If.  ...J 

Bell  I.,  (S  end)  

C.  St.  John,  Gull  I.,  It.  Oca  I 

525f.    / 

Toulioguet  Is,  It  ReT.S35f.... 
Seldoni-come-by  Harbour,  \ 

Cann  L,  It  F  85f.   / 

Offer  Wadham,  It  F  lOOf. 

Funk  I.,46f.  

C.  Freels,  Stinking  I.,  It  Occ. 

Greenspond  I.,  85f.    

C.  Bonavista,  It  Rer.  150f. ... 
Catalina  Harb.,  Green   I.,\ 

ltF92f. / 

Bonarenturo  Head 

New  Pvrlican,  Bloody  Pt 

Baccalieu  I.,  It  Fl.  380f.  

Harbour  Grace,  (It  F  40t  on  \ 

beach) / 

G  St  Francis,  It.  F  123f. 

St.    John's     (ChaimbockI 

Battery)  J 

G  Race,  It  Rcy.  180fc  

C.  Pine,  It  F  314£    

Trepassy  Harb.,  (Shingle  neck) 
G  St  Mary,  It  Rcy.  SOOf.  .. 
Placentia  HarK,ltF  180f...^ 
Burin  Harb.,  It  Rer.  430f..... 
Laun,  Gt  Laun  R.  C.  Church 


55°«3'5 
54  54  5 
54  2S 
54  108 
53  23 

53  56 

54  0-3 
53  42-6 
53  48 
53  34**| 
53  26 
52  40 
52  33  5 
52  21  7 

52  15 
52    6 

Si  S3 

5>  58 
5i  275 
51  227 

5i  34 
51  22 
51  10 
51    o 

50  44 

5042 

50  31 

50  13 
50  9 
50  11 


59°iS'2 
58     27 

56  5$ 

5*  *S  ? 
60    9 

57  8 
56  31  "5 
S^  59  7 

56  257 
55  59-5 
55  36 
55  442 
55  4i*5 
55  37  2 
55  33 
55  4i 
55  *« 

55  5o 

56  51 

57  10-5 
57  12 

57  47 

58  iS 

58  41 
58  53 

58  50 

59  21 

59  45 

59  57 

60  8 


51  388  55  25 
5o  422  55  35 5 


50  o 

49  41*3 

49  35 

49  357 
49  455 
49  iO'5; 
49  43 
48  42*0 

48  30  2 

48  16? 

47  551 

48  9 

47  4>*4 

47  48  5 

47  34* 

46  39*4 
46  371 
46  433 

46  49*5 

47  14 
47    04 
46  S6*5 


55  21 

54  475 

54  107 

53  45-o 
53  »o7 
53  21  5 
53  325 
53    45 

53  22 

53  23-6 
53  215 

52  47-5 

53  12-5 

52  47* 

52  40  7 

53  4  3 
53  3«  7 

53  *2-? 

54  "5 

54  1 

55  87 
55  32* 
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(147) 


Placet 


8t  Fierre  I.,  Galantry  K.\ 

Fl.  2IOf. / 

Great  Miquelon  I.,  C.  Blanc,  \ 

It.  Oca  103f.  / 

Pass  L,  Its.  F  28 If.  and  267t 
Burgeo    Lf   Boar  I.,  It.    F) 

207f / 

La   Poile   Bay,  Ireland  L,\ 

It.  FL  6?f. J 

C.  Ray,  It  Rev.  130f. 

Cod  Roy  L,  3  side  of  Boat\ 

Harb / 

C.  St  George,  (Red  I.,  SE  pt) 

C  St.  Gregory    

Cow  Head,  (NW  extr.). 
Port  Saunders,  (NE  pt, 

«tfrj) 

Rich  Pt.,  It.  Fl.  130f.  .... 
FerrollePc,  (Cove  PL  NE\ 

extr.)   / 

Flower  Cove,  (Capstan  Pt)  ... 
Green  I.,  (150  fins,  from  NE  \ 

end) / 

C.  Norman,  It  Rev.  138f. 


.;:} 


cinr  or  »t.  &aw- 


Natashquan  Pt,  S  edge,  (R.1 
mo.  ^-  4m)   J 

Mingan  Is.,  EW 15 1.,  Bo  wen  S 
£Es.,  E  extr J 

Collins'  sbl,  J*  2m.,  7,  8  pt... 

ClearwaterPt.,  SW  extr.  

Perroqueto,  It  Rer.  87f. 

Riv.  St  John,  entr.  E  pt 

Seven   Is.,  Ir.  F  200f. 

Grt  Cawee  I,  [fm.],  250f.  ... 

Kgg  I.,  It  Rer.  70f.  

Pt.  Monts,  Ir.  F  100f.    

Quebec  .ffl,  NE  bastion. 

Quebec  Observatory  '. 

Wolfe  &  Mom  calm's  Monument! 

Green  L,  It  F  60£ 

C.  Chatte,  It.  Rev.  120f. 

St  Anne's  Mounts,  NE  one,  \ 

007Af  l 

C.  MagcWlen.it  Alt  147f.'    .. 

C.  Gaspe,  It  F  350f. 

Douglas  town,  ffl,  w 


Lat.  N 


46°46'o 

47  6 
47  29 
47  36*5 

47  38 
47  37  o 

47  52-5 

48  33* 

49  23 

49  55  3 

50  385 

50  41  -6 

51  2*2 
51  18  2 
51  24  2 
51  380 


Anticosti  I.,  *!r  4 1 1.,  E  pt,  or  \ 
Heath  Pr.,  It  F  11  Of.     ...J 

Bagot  Bluff,  It.  FL  75f. 

Shallop  Creek,  Q.  entr. 

South-west  pt,  /,  It  R  lOOf. ... 

Ellis  Bay,  fl,  W  entr.,  or  C. \ 
Henry / 

West  point,  It  F  112f.  


,  [!*«.]. 


Bonaventure  I. 
250C,  |  E    . 
Leander  shl.,  [Jm.],  1   .„ 

Macquereau  Pt ... 

Chaleur  B ,  Carlisle  

—  Dalhousie  I.  It  F  30f. 


i:} 


50  6 

50  14 

50  10 
50  12*6 
50  14 

50  17 
50  6 
49  507 
49  38 
49  19  7 
46  49 

46  485 
46  486 

48  34 

49  H 

48  52 

49  15*6 
48  45  2 
48  46 


49  54 

49  4 
49  9 
49  238 

49  47*8 

49  52 

48  29 

4825 
48  12 
48  I 
48  4*4 


Lon.  W 


56°io'o 

56  24 

56  12 

57  35 

58  22 

59  »8-2 

59  237 

59  i.V? 
58  145 

57  50 
57  18 
57  24? 
57  27 
56  445 
56  337 
55  54  ? 


61  44 
63    1 

i*  5 

63  27 

64  11 

64  20 

66  23 

67  1 
67  10 
67  22 
7i  137 
7i  13? 
7i  13*5 
69  25 
66  46 

66  49 

65  19 
64  9 
64  23 

61  42 

62  15 

62  35 

63  36 

64  23-5 
64  32 

64  10 

64  18 

64  48 

65  16 

66  22*2 


(148) 


Places 


Miscow  L,  J*  8m.,  NE  pt,\ 

Pt  Birch,  It  F  79f. ( 

Miramichi  B.,  Portage  L,  Jm 

4m.,  Spt.lt  F45f.    / 

Pt.  Escumeiiac,  It  F  70£  

Richihucto  Harb^  QQ,  mo. , 

Fort  Monckton   , 

Prince  Edward's  L,  *fc-  33 1.,  1 
N  Cnpe,it  R80f. /' 

—  Richmond  B.,ffl,  Roy  alt  \  Pt. 

—  East  pt,  It  R  lOOf. 

—  Charlotte     town,     St.\ 
Peter  I.,  It  F  70£ / 

Magdalen  Is.,  J*  19  L 

—  Bird  Is.,  2,  [7c],  E  one.  UOf. 

—  Br  yon,  or  Cross  I*^-  4m, 
w,  Ept   

—  East  I.,  E  extr 

—  Doyle  rf..  [«c].  I,  « 


:.:} 


—  Entry  L,  [ljm.],  580f.,  f... 

—  Amherst  I.,  550f.,  w,  ft,"! 
Spt.lt  Alt  107f. ( 

—  DeadmanL,[3c.],  T  W,\ 
rf.  E / 

St  Paul  L,  J*  3m.,  450f.,  w  1 

8W,  ItatNpt  F  UOf.../ 
C.  Breton  I,  J*  33  1.,  C.\ 

North,  It  R74f. / 

St.  Ann's  Harb.,  ffl,  w. Beach) 

Pt,  it  F24f.  / 

Sydney  Harb„  ffl,  It  at  E\ 

»d^  entr„  F  70f. J 

Scacari    U  EW  2  1.,  «  E,\ 

NEpt.lt. R  90f.,8  2m. ...  | 
Louisbunr,  ffl,w,6,  ItF  1201. 

C.  Portland ". 

Madame  I..  EW  9m.,  S  pt.  ... 
PortHood.ffl,w,b,Ju*te-au- 1 

Corps  I.t  at  entr.    J 

C.  8t  Lawrence ——..... 


WOVA    BOOTXA. 

Sable  I.,  EW  7  m.,  E  end,^| 

ltFl2*f.   j 

NW  bar,  NW  extr.,  ff 


Pictou  Harb..  Q]l5.lts.  2  F...0 

C.  St.  George,  It.  R  350f. 

Gut  of  Canso,  NW  entr  ,  It.  1 

FUOf.    / 

C.  Canso,  Cranberry  L,  2  Its.  \ 

F  vert  89f.  and  54f. / 

WhiteHeadI.,Spt..lt.Fl.  55f. 
Country  Harb.,  ffl,  Green  I.,  \ 

UF51f.  / 

WedgeI,lt.F81f.  

Liscomb  Haib.,  ffl.  Lit  Alt  "1 

64f. / 

Ship  Harb.,  ffl,  Briers'  L,  1 

w,  b,  Bear  ik.  St.  J 

Brig  rk.-if.,  T  

Pollock  £.,  [jc.],  af.    

Halifax,  ffl,  E,  Dkyd.  tablet 
SambroL,  ItF  115f..  •  2m 
Pennant  Pt 


Lat.  N 


480  1' 

47  10 

47    5 

46  42 

46  3 

47  4 

46  34 
46  27 

46     7 


47  5' 

47  48 

47  37  7 
47  35 
47  17 

47  13 
47  16 
47  Mo 
47  2 
46  17 
46  16 
46    2 

45  53 
45  50 

45  28 

46  o 

47  2 


43  58 

44  1 

45  4' 
45  53 

45  4i* 
45  20 
45  12 
45  6 
45  1 
44  59 

44  44 

44  38 
44  33 
44  39  7 
44  26  3 
44  27 


L»n.  W 


64°29' 

65  3 
6%  48 
64  51 
64  4 

63  59 

63  43 
61  58 

63  ic 

61  97 

61  25-2 

61  245 
61  15 
61  42 

61  57 

62  14 
60  8 
60  23 
60  32 
60  7 

59  40 

59  57 

60  6 

61  3 
61  36 
60  38 


59  46 
6038 

62  402 
61  55 

61  295 

60  55 

61  8 
61  3a 
61  53 

61  58 

62  45 

62  57 

63  5 
63  35*2 
63  33 
63  37 


618 
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rut) 


Places 


I 


Margaret's  B  ,  B,  Shut  in  I. 

Tancook  I 

Malaguash  Harn..  B*  Cross  1 
Utl|m.],k^S  lis.  V«rrtV 
dU».  »4f  J 

C  L-  Hare,  1,  107*;  (Black  | 
Ik.  lm)  / 

Coffin  I.,  k.  R  55f. 

Utile  Hope  U  [2c],2l£ 

Gull  rk„  It.  F  56£ 

Sm-lbtirnt  HsrlKMir,  B«  1 
M'Nuu'i  I.,  SE  pt,  J. ,  r,  I 
w,  2  lts.F  veru  I20f.  and  | 
65f. | 

Brasil  rfc.,  [3  tds.],  •£  , 

C.  SaUo,  (SE  pt  of  small ) 
I..  /.  f .  W  end  adYi.Bc-  I 
ing   lm.  in  4  years), 
9  'lm.v  It.  R  53f... 

Bloa  te  rk\*  small,  ft 


I-ar.  N 


±j 


I 


■4 

I- 

4 


Seal  I.,  [2m.],Spt.,ll|nM 

t.lt.  F98f. ( 

Tuskef  U.  PuboicoIUrl^ffl   \ 

r,  w,  b,  entr / 

C.  Fourchu,  A,  »0.  It  R  117f 

Lurcher  fit.,  I,  small,  Hf. 

C  8f.  Mary    

Bryer's  L,  J1  4mn  It.  F  92f... 
Annapolis   Harb.,    B»    Pt  \ 

Prim,  It  F76f. / 

Black  rk.,  pt,  It.  F  45f.  

Haute  f.,  w,  $.  It  lnt  363f.... 

C.  Ch:gn«ct<>,  A,  T     

C.  Enr«ge,  It.  Fl20f. 

Quaco,  It.  R  llof. 

Qunvo  1  dgc,  [1  1.]    

C.  Spi-nccr 

St.  JohVs,  ffl, Partridge  I, 

It  F  II9C    

C.L  preau.lt.  F  80f. 

Wolf  Is.,  J*  3$m.,  1  T ,  lOOf..  \ 

Northst  J 

Etanjr,  harb.,  B.to«er  S  pt ... 
St.  Andrew's,  ffl,  N  pt.  It.) 

F.42f f 

Campobclk)  I„  N  pt.,  It  F  1 

64f. „ / 


44°34' 
44  29 

44  » 

44  12 

44  2 
43  49 
43  39 


W 


63°54' 
64    6 

^4    7 

64  18 

6438 

64  45 

65  6 


43  37  5;  65  16 
65  25 
65  37 
6$  57 


43  » 


43  ^3 


;}e 


Quoddy  Hd.,  It  F  133f.    

Old  Proprietor  ah!..  [^c],  3... 
Grand  Manan,  ^  Um,  w,\ 

r,|W,80NBpt    / 

Gannet  rk.,  It.  Fl.  ii.t  C6f.    ... 

Libby  L,  off  Mttchias  B 

Machias    Seal    Is,    2    Its.  \ 

F66f.  and54f.    J 

Nash's  L,  entr.  Pleasant  R.,1 

lt.F47f. / 

Petit  Manon,  S  pt,  It.  F,  Fl.  \ 

125£  (S  2  to  5m.) / 

Bakers  L,  It  Fl  105f. 

Castiae,  It  F  130f. 


43  20 

43  24 

43  37 

43  47 

43  52 

44  7 
44  16 

44  42 

45  10 
45  15'1 
45  >9 
45  36 
45  19*5 
45  14 
45  12 

45  14 ' 

45    37 

44  595 

45  4 
45    43 

44  58 


66    1 

65  $2 

66  9 
66  25 
66  11 
66  22 

65  47 
6446 
65  1 
64  57 

64  47 

65  32 
65  20 

65  55 

66  35 
66  28 
66  41 

66  49 

67  3 
66  $4 


44  49 
44  SO 

66  57 
6637 

44  46 

66  43 

44  3' 
44  325 

6647 
67  22 

44  30 

67  6 

44  •« 

«7  45 

44  *» 

67  52 

44  13  5 

44  23 

68  12 

68  49 

(150) 


Planes 


La*.N 


Owl's  Head.  It  F  I05£  ... 
Mt  Desert  rk.  It  F  75f. 
Gi»hv's  Ledge,  T  T,*  [lm  ] 
I  Haute ,  J*  5m.,  SaddfeWck  1  ; 

Kdgf,  10  B-d.,  It  F5lf...  J 
Matiuicns  I  ami  rks ,  [4m  1, 1 

h.  un  rk„  F  90f. / 

White  Head,   l,ltF79f.   ... 
Monhrgan  I.,  [lm.],  T .  It.  * 

Rl75f.    / 

Pemaquiri  Pt,  It  F  75C    

Burnt  Islands  It  F  6tf. 

Srguin  L,  It  F  180f. 

Cashe's  Wbre,  J?,  \\m  ] 

Portland,  B.  City  Hail 

—  It.  Weiitr.,  F  lOlf. 

C.IUixabetli.2lis,[a00yd*.],  I 

F,  FL  and  F  143£ / 


Wood  I„  entr.  Saco  Hirb.,\ 

It  F,  Fl.G3f.  / 

A<?amenticus  Hills 

C.  Porpoise,  Gu*tl.,8W  part  1 

lt.F38f. J 

Bald  Head  

Boon  I.,  [>.],  (,  It  F  133f.... 

YorkHaro.,  ffl}j  

Whale's  Back,  It  F.  Fl  65f.... 
Portsmouth,  Fort  Constttn-  \ 

tioo,  ltF70t / 

If.  of  Shoals,  [3  m.],  S  or  1 

White  L,  It  R  87f. / 

Newbury  Port,  CD,  bar  sf.,1 

2  leading  Its.  F  on  N  pt.  I 

of  Plumb  L,  mo*ahle J 

Ipswich  Bay,  It  F,  Fl.  50f.  ... 
Annisquam    Harb.,  m,    It) 

F  50f. f 

C.  Ann, Its.  NS,on  Thatcher  1 

I..  2lts.Fl65f.  (Salvagers 

N-d.,  2ro.)  J 

C  Ann  Harb.,  B,  It  on  Ten-i 

Pound  L,F49f. / 


Salem,  B,  City  Hall 

Baker's  U  [*»],  2  Is.  F87,  \ 

50C  / 

M  irblehead.  It.  F  43f.   

St  George's  shls.,  EW  7  1 J 

SW,  or  shI  part,  I / 

Little  Georgc'n,  [i]    

Ik^TON,  ffl,  Cambridge  Obs... 
—  N  wile,  main  outer  eutr.,  \ 

It  Rlllf.  / 

PI  v mouth,  B»  Gurnet  lts^l 

2  F  93f.  ( 

Barnstable,  03 l?,  bar.,  It.  F  33f. 

Billingsgate  !.,  It  F  52f.  

RaccPt.,!tF,Fl.  51f. 

C.  Cod,  high,  or  Truro,  lt\ 

Fl95f. / 

Nausset,  3  Its.  F  93f. 

Chntham  Harb.,  2  Its.  F  80f.,  \ 

S  one   / 

Munomy  Ptw  It.  F  4lf.  


44°  ^ 

43  58 
4*  5* 

44  I 

43  47 

43  59 

43  46 

43  5o 
43  49 
43  4i6 

42  50 

43  39* 
43  37 

43  33* 


CD-.V 


43  «7 

43  i3 

43  21 

43  13 
43  7 
43  9 
43    4 

43  3*5| 
42  58 

42485 

42  41 

42  398 

42  38'4 
42  36 

42  3*  5 

42  32-2 
42  30  2 
4>  43 

41  I5o 

42  22*8 
42  197 
42      0-2 

4«  43*2 

41  516 

42  3  7 
42  2-4 
41  516 
41  40-3 
41  33  6 


68    8 

68  51 

6844 
6S  51 

69  7 
69  19 

69  30 
6938 
6946 

69  4 

70  15-2 
70  12 

70  11  5 


70  19 
70  41 

70  26 

7o  34  5 1 
70  29    I 
70  39 
70  42 

7o  43 
7o  37 

70  49^0 

7046 
70  41 


70  347 
7040 

70  540 
7o  47*5 

70  50 

67  47 

68  o 

71  77 
7o  53? 

7036? 
70  16-5 
70  4-5 
70  15 

7o   4 

69  57? 

69  57? 

70  00 
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0*1) 


Placet 


Nantucket  L,  EW  5  U  (shls.*) 
-Rips."  E-d.  41.),  N,orl 
Sandy  Pt,  lL  F  70f. J 

—  Brant  Pt.,  town, It.  F  43 f.... 
Nantucket,  3  shls.,  old  do.,\ 

#2$m.,  Npt , / 

—  New  do.,  EW  2|ra.,  S  1 
Pt  *  / 

Martha's  Vineyard,  EW  6 1.,  \ 
NE  pt,or  C.  Poge,  It.  55f.  J 

—  Holmes  Harb.,  ffl ,  WChop,  \ 

itFeof. / 

—  W  pt,  Gay  Hd.,  It.  Fl.  10-  \ 
I72f.    / 

Noman's  Land,  [lm.],  stat  1 
mid / 

Cuttehunk,  It  F  42f.,  at  SI 
and  Wpt.  of  Id / 

New  Bedford.  ffl,  Dumpling,  \ 
or  Round  Hill,  It.  F  43f./ 

Sakonnet  Pt,  It.  F,  Fl.  70f.  ... 

BrUtol,  Episcopal  Ch.   

Providence,  College  

Newport,  Coon  House 

Bearer-tail  Pt,  or  Rhode  1. 1 

It,  It.  F68f.   / 

Pt  Judith,  It.  R  67f. 

block   I.,   NS   6m.,  N  pt,\ 

itFSlf.     / 

Stonington,  town,  S  pt,  lt"\ 

F50f. / 

New  London,  It.  W  entr.  F  90f. 
Falkner  I„  It  F,  Fl.  98f.  ... 
New  Haven,  ffl,  it.  F  57f.... 

—  Yale  College 

Norwalk  L,  It  F,  Fl  52f. ... 


Long  I.,  # 34 1., *E  or  Mon-\ 

tauk  Pt,lt.F,  Fl.  169f..../ 

New  York,  ffl.  City  Hall 

Fire  Island,  It  Fl.  168f.  

Fort  Tom  kins  It  F  89f.  

Princess  Bay,  It  F,  Fl.  107f... 

Sandy  Hook.  t»  Its.  F  90f. )  \'     "     ' 

and  2  beacon  It*.  F }  !  *°  27'6  74    07 

Nevisink,  2  its.,  F  248L    !  40  23  7   73  59-5 


LatN    Lon.  W 


41*23' 

41  17*5 
4i    5 

40  57 

41  25  2 
41  288 
41  20*9 
41  152 
41  25 
41  322 

41  265 
41  400 
41  496 
41  295 

41  27 

41  22 

41  14 

41  19-6 
41  189 
41  13 
4«  *4'5 
41  185 
41     28 

41    4-2 

40  427 

40  37*9 
40  36  o 
40  304 


70    52 

69  50 

69  50 
70275 

70  362 
70505 
70  490 
70  57 

70  557 

71  12 

71  17  2 
71  247 
71  19? 

7i  24 

71  29 

7«  35 

7i  545 

72  57 
72  39* 
72  545 

72  S&$ 

73  255 

71  510 


o 
127 

3'5 
13? 


Barnegat  Inlet,  S  side,  It.  Fl.  I 

(shl.  2m.)   / 

Little  Egg  Harb..  ffl.Tucktr  1 

beach,  It.  F,  FL  52f. / 

.6  j  Grt  Egg  Hnrb,  CD.  bar,  entr.. 
<    C.  May,  (shls.  SW),  It  R  I67f. 


Egg  I.f  It  F  50f.    

Cohansey  Creek,  It  F  46t  ... 
Philadelphia,  State  Honae...  $ 

Reedy  I.,  li.  FL  36f. 

Bombay  Hook,  It  F  46f. 

Salem,  City,  Church 

Mahon's  River,  It  F  57f. 

C.  Henlopen,  (*  2  1.  SW),  1  ^ 

lt.Fl28f.    J® 

Delaware  Breakwater,  west\ 

end,  It  F,F1.47f. / 


J 


39  45*9 

39  30 

39  19 
3*55* 

39  " 
39  21 
39  57-0 
39  30 
39  217 
39  34*5 
39  11 

38  466 

38  47  8 

74  60 

74  17*5 

74  35 

74  585 

75  « 
75  22 

75    9*5 
75  34 
75  3i 
75  36 
75  24 

75    5 

75    67 


(152) 


Plaoea 


Aaseateagne  I.,  #  6  L,  A  S\ 
end,  It  F  153f.,  shls. off.  ..  f 

Smith's  I.,  tf  10m.,  C.  i 
Clmrles(shls.off)Jt.F1.160f.  f 

Baltimore,  Battle  Monument 


3 


Annapolis,  State  House.. 

Pt.   Look-out,  entrance 

Potomac  R..  It.  F  43f. 

Washington,  Capitol 

Washington  Naval  Observatory 
New  Pt.  Comfort,  It.  F  60f. 
Back  River  Pt,  It  F,  Fl.  35f. 
C.  Henry,  It  F  160f. 


Roanoke  Marshes,  It  F  33f... 
C.  Hatter.is./,  sand,  (shls.  3 1.  \ 

SK),lt.FI.  19lf / 

Ocracoke  Inlet  It  Nside,F75f. 
C.  Look-out  *hl.  -fc  3  L,  /,  \ 

lt.F!56f.   J 

C.  Fear,  shl.  Hr  5  U  Bald  \ 

Head,lt.F30f. / 


Georgetown   

North  L,  S  pt,  CD,  bar  if.,\ 

entr.,  It  F  85f.   J 

C.  Ronmin,  4  ♦,.  It  R  154f,  \ 

(shL8E<L  6m.) J 

Charleston,  ffl,  Fort  Ripley,  1 

itF49f. / 

—  Sullivan's  L,  It  F  57f.    ... 


1,1 


N  Edisto  Inlet    

Beaufort,  Arsenal 

Port    Royal,   CD,  Paris 

Back  It.  F  130f. 

Savannah  Riv„  ffj,  Jvbee  I.,  \ 

lt.Fl50f.  .* / 

—  Town,  exchange  

Sapello   L,  north    entr.    to\ 

Doboy  Sound,  It  F,  Fl.  79f.  J 

Darien,  town  

St.  Simon's  I.,  It  an  8  pt,  \ 

F,  Fl.  108f. / 

little    Cumberland  I,    #\ 

5  L,  N  pt,  (entr.  St  An-  } 

drew's  Sound),  It  F  78f...  J 

Amelia  I.,  ^  13m.,  N  pt,  (S  , 

pt  of  St  Mary  Inlet),  It.  R  J. 

112C    J 

St  John's  Riv.,  (De,  8  entr.,  \ 

Jacksonville,  It  F  84 f.  ...  / 
St  Augustine  (baO.CD1!!,  N  | 

pt  of  Anaatasia  L,  It  F,  J> 

FL  165f. J 

Musquito  Inlet,  north  side\ 

ofent,lt  FU7f. J 

C.  Canaveral,  w,  north-east  \ 

pitch,  It  R  139f.    J 

Indian  Riv.  Inlet  entr.  V  ... 
Jupiter  Inlet  entr.,  It  F  8t\ 

FL  146f. / 

New  Riv.  Inlet,  fort  

a  ^Florida,  Fowey  rooks,  Itl 


FUlf. 


Lat  N  Lon.  W 


37° 55' 

37  7 
39  174 

3*  587 

38  : 

38  53*4 
38  530 
37  18 
37  5 
3656 

35  49 
35  15 
35  6-5 
34  37 

33  52 

33  22 

33  13 

33  1 

32  464 
32  46 

32  33 
32  26 

32  18 

32  1 
32  4*9 
3i  23 
31  25 
31  8 

30  59 


3040 
30  24 
29  53 

29  5 

28  28 

27  33 
26  57 
26  9 
25  35 


75°2i' 

75  54 

76  37*5 
76  297 

76  19 

77  20 

77  27 
76  17 
76  16 
76  o 

75  42 
75  3« 

75  59 

76  31 

78  o 

79  18 
79  11 
79  »2 

79  54 

79  5i 

80  12 
80  41 

80  40 

80  51 

81  7 
81  17 

81  33 
81  23 

81  25 


81  26 
81  25 
81  17 

8055 
80  32 
80  23 
80  5 
80  3 
80  6 


«20 


TABLE   10 


MARITIME  POSITIONS 


(1M) 


Placet 


•5 


Carysfort  rf,  It.  R  106f. 

Tavanier  Cay,  •  1  1 

Lower  Matacomba  l„  J*  Sm.,\ 

Wpt(w"N)  ) 

8ombrero  Cay,  It.  F  I44f 

Sand  Cay,  It.  F.FL  110f. 

Cay  West.  NW  pass.,ltF50f.... 
—  Cat  West,  U.S.  Naval  I 

STOBBHOWB  / 

Tort ugat  E W  9ro.,  shls.  W 1 
4l.,« ;  Wpt.,Fort  Jeffer-  I  8 
son,  It  F  65f%  (I  6m.)  J 


13' 
o 


24  49 


375 
37 


Lon.  W 


24  334 


24  fl 


1IIIMI 


aWDS. 


Matan'tlla,  ahL  [■].  T  

1.UO  T... 

Settlement  Pt.,  *  ........./ 


Memory  rk.,  [4c. 
B«hamal.,  EW22l.,W,or 


—  "South-east"  Pt.  («o  call 
ed),  [t]  wfw  / 

Ort  Abacou  I.,  \  S3  1„  It  1 
nearSpt,  R  I60f. / 

—  East  Pt 

Elbow  Cays,f,  it  Fl23f. 

Great  Bahama  Bk.,%  ]  10  l..\ 

Ort  Isaac  rk..  [|m.],  40f  / 
Bernini  Is^  [7m.],  f,  f ,  SW  \ 

Pt-.w  / 

Gun  Cay,  It  R  80f.  

Orange  Cays,  Id.,  [jm.],  1 3f„  \ 

♦c* J 

Cay  Guinchus 

LobosCay,  T.lt.  F  146f. 

Diamond  Pt.,  U  T 

St  Domingo  Cay,  I6f.,  1  f ... 

Cay  Verde,  72f. 

Grt  Ragged  I.,  beac  h.ll  1 I5f. 

Water  Cay,  [I  Jra.]    

LongL,2fcl9l.,/,  f,T,Npt. 

—  8outh  pt 

Cay  Sal  bank,N.  Elbow.lt  V96f. 
Exuma  l«  **-  8  I.,  entr.  harh.QQ 
Eleuthera  I,  ^  S3 1.,  t .  T .  S  pt 

—  NE,  or  Palmetto  Pt 

—  Npt,hill,(shls.Eand  W3L) 
E«rg  and  Royal  Is.,  West  L  .. 
New  Providence  U  EW  5  l,\ 

Na«eau,  ffl"fJt.  F68£...  ( 

—  E  pt,  Goalding  Cay,  w  8W 

Green  Cay,  [2m.],  w> 

Andros  I ,  %  32 1.,  Mastic  Pt.. 
Berry  Is.,  NS  9  1.,   T,  w,  r,1 

E  lim.,  or  Froxen  Cav  ...  / 
Great  Stirrup  Cays,  r,lt  F  81  f. 
Little  Salvador,  \  5ro.,  W  pt. 
St  Salvador.  %  14  1.,  NW  pt 

—  EastyL(Colimbu*%s  landfall) 
Concepcion  [and  rks.  2  L],  5, 1 

4  t.  T,Id.  Wpt / 

Waiting's  I.,  ^  5  I.,  Dixon  \ 

HiU,  It.  Fl.  165f.   / 

Rum  Cay,  EW  3  I.,  ww«  S  pt 
Mira  por  vos,  \  3  1.,  $,  NE  rk. 
Crooked  !.,#  14 1.,  t  ^.ww,,  \ 

5  pt.,  Cartle  I.,  It  F  123C/ 

—  Bird  Rock,  It  R  120f. 


27  22 

26  57 

26  41 
26  28 

25  5i  5 

26  20 
26  31 

26  2 
25  41 

25  34*5 

24  56 

22  45 
22  22*8 
22  10 

21  42 

22  1 

22  115 

23  o 
23  41 

22  51 

23  56  5 

23  33 

24  3* 

25  9 
25  35 
25  30 

25    5*6 

25     7 

24  3 

25  4 

25  32*5 

25  49  7 
24  36 
24  41 
24    * 

23  50 

24  6 

23  37 
22    6 

22    6   I 

22  505 


8o°i2'7 

80  30 

80445 

81  67 
81  527 
81  54 

81  4*  5 

82  $3 


79 

79 


79    o 

78  40 

77  112 

76  59 
7658 

79  5 
79  20 
79  19 

79  9*° 

78  8 

77  35  5 
77  20 
75  45 
75  1 1*5 
75  44? 
IS  44 
75  19 

74  51 

80  28 

75  48 

76  9 
76  9 
76  44 

76  55 

77  22? 

77  36 
77  «i 
77  57 

77  42 

77  54 
75  59 
75  46 
75  17 

75  » 
74  26 

74  50 
74  28 

74  20-5 

74  23 


(154) 


Placet 


Samaria,  or  Attwood's  Gay,\ 

♦  .T.Wpt J 

Plana  Cays,  EW  10m.,/,  f ,  I 

T.bill.Wpt,  $.|,W...j 
Marignana  I.,  rf.  EW  10L,\ 

/,  t ,  T  ,& Ontre  hill,  1  lOf.  J 
Hortty  rf.,  EW  5m.,  T ,  *.  I 

NWCay f 

Grt  Inagna.J*  1 51.  Ji  f  ,lt.R  1 20f 

—  Man  of  War  R,  W  s>de,  well 
Little  Inagua,  EW  3  l„  N  pt... 
Cuicos  bk.,  %  22  1.,  S  FL 

—  We«t  Caiooa,  J*  7m..  S  |<. 
—  Ea«t  Harbour,  wat  pL 

Turk's  ls„  ^  6  L,  N  extr.,  \ 
It.  Fl.  I08f. / 

—  Hawk'*  Net  ^w^*  *0  e 

Endymion  FE.,  1  f. 

Sqiare  Handkerchief.   EW  \ 

30m.,  NE  breaker / 

Silver  l.k„  Jfc  15  L,  Cay,  I 
SWrk* J 

—  North  FKs 

—  Eastern  ed^e,  li,  T  

Bajo  Navidad,^  7l.,Nptn,  T 

CUBA* 

Cuba,  ^  *17  I.,  E  pt.,  C\ 
Ma>  si.  It  F  I28f„  /.rC  lmj 

Barracoa.  fort 

C.  Moa,  Cay,  f 

Pt  Lncrecia,  It.  R  U2f. 

Port  Naranjo,  B.  W  pt,  a,  1 

"ort  del  Padre,  ffl 

Pt.  Maternillos,  It  R  176f..  ... 

I.  Guajaba,  ^  10m.,  W  pt  ... 

Cay  Confites  

Cayo  Romano,  2  Is.,^|  16l.,\ 
NWpt    J 

Minerva  Cay,  [lm.] 

Cay  Sal,  bk%  \  20  L. «,  Cay  1 
Sal,[lm.]fw,  f,Npt...J* 

—  Elbow  Cay.lt  F  96f. 

—  Dog  rks.,  *fe  5m.,  E  pt 

—  Anguilla  Is.,  \  7m.,  w0,  \ 
Spt / 

Nicolao  if.,  Medano  1 ,  8-d. ... 
Bahia  de  Cadis,  It.  R  175f.  ... 

Piedras  Cay,  It  F.  FL  

M  aunts*,  Kay,  %  ,S.Severmo  \ 

CasUe  / 

Pan  de  Matansas,  1277f.  

Havana,  BL  Morbo  It.RUlC 
Managua  Paps,  2,  EW  2m.,  \ 

7321.,  W  one / 

Port  Mariel,  BB,  entr.  

Bahia  Honda,  SB  Cerro  Morillo 
Pan  de  Gnaijaibon,  2532f. 
Colorados  rfs. ,  rjksn  5,  T ,  W  pt 
W  extr.,  C.  St.  Antonio,  /, ) 

t,T,rky.,(thL2(-7m.,»),  I 

It.  R  128f.   J 

C.  Corrientes, /,  sand,  T   

Pt.  PiHras 


Lat  N 


*3°  rs| 
» 35 
22  23 

21 405 

20  56 

21  4 
21 33 
21  3 

21 37 

21  3« 
21  31 


IaI 


It* 

73  3« 

72  55 

73  5<>7 
73  4t 
73  39 
73  o 
7«  45 
72  30 
7«  32 
71     8 


21  *6  3<   71    10*5 

21     7       71    18 

21     6*5,  70  29 


20  18 
20  53 
20  35 
20  13 


20  15-2 

20  21 

20  41 

21  5 
21 
21 
21 
21 

22  12 


6 
17 
40 

55 


22  27 

22  19 

23  417 

23  56-5 

24  2 

23  29 

23  ia 
23  12 
23  142 

23    3 


23 
23 


1*9 
9*4 


CaysofSanFelipe,SWpart,l  r\ 
T,ljm.  „ /° 


22  57 

23  3 
23  o 
22  48 
22    9 

21  53 

2'  45'5 

22  2 

21  55 


69  58 

69  55 
69  22 
68  52 


74    9 

74  2*5 

74  53 

75  3*5 

75  50 

76  25 

77  87 
77  # 

77  39 

78  19 

77  4« 
80  25-0 
80  28 

79  5» 

79  32 

80  21 

80  30 

81  87 

81  37 

81  45 

82  215 

82  22 

82  44 

83  117 

83  24 
8448 

«4  572 

84  3t 
83  50  5 

83  33 


TABLE   10 


C2I 


MARITIME   POSITIONS 


0«> 


Places 


3 

I 


LofPineisEW  16U  Spt.  ... 

Rosario  Channel,  s,  8  ent 

Jardines,  #"',  E  extr 

Cay  de  Piedras,  It  F  27f. 

Placer  de  Xagua,  [dm.].  I   ... 

BitaTano 

Xagua  B.,  SB,  It  F,  FL  82f. ... 

Trinidad,  mole  

Cayo  Blanco,  201 

Manzanillo O 

C.  de  Crux,  rl  2m.,  T  ,lt  F,  \ 

FL  1141 / 

Imrquino  Pk.,  8,4001... . 
Bamtiaoo  dc  Cuba.  B 

w,  It.  F,  FL  2281,  Morro 

Cattle 

—  Biakca  Battery, 
Guantanamo.  or  Cumberland  \ 

Harb.,  B.  B  bead  / 

Carman  Brack,  J*  3  L,  * ,  E  pt. 

Litt  Cayman,  #  7m.,  /,  3  f ,  \ 
Eend  / 

Grt  Cayman,  EW  6  1.,  A") 
f  .t,$  *0.w„r,town,     $ 
Fort  George  J 

—  Eaatpt,  t,/Blm 


»:} 


Jamaica,  ^  43  l.,E  pt,or  Pt.  1 
Morant.lt  R  H5f. j 

Port  Antonio,  2  ffl,  w,  fort,  1 
ltF54f. j 

8t  Ann's  B.,  ffl ,  Long  wharf,  w 

Falmouth  Harlx,  QQ »  bar,  fort 

Montego  B.»fort 

Lucia  Harb.,$,  fort,  E  entr.... 

Pedro  Pt 

N.  Negril,  N  pt 

Dolphin  Hd.,  pk„  1820f.  ... 

8.  Negril  Pt  

Savannah  la  Mar,  fort,  sbl.  2m. 

Pedro  Bluff,  220f. 

Alligator  if.  /■  3ra.,  W  pt  ... 

Portland  Pt,  8E  pt 

Old  Harbour,  ffl.  Careening  L 

P0RTR0TAL,ffl,|Q.F.CHAKLB8 

Yallah'aPt,  (hill  2400f.  -f  3m.) 
Port  Morant,  ffl,  Leith  Hall... 

Morant  Cay*,  J*  II,  ♦,  *0\ 

2lm.,  t  *NW,NECay,  f  ,71  / 

Pedro  Bk.,  EW  31  L,  SW  rock 

—  NW  edge,  9D 

—  Portland  &.,  E  edge,  32f.  \ 
[2cll5f,  **0iE / 

Baxo  Nuero.  EW  5  1 ,  NE  pt. 
Swan  la*  2, 4jm.,  L,60l,  (W  1 
"     *  Bpt,^,Ui 


e,f,W,  f  ),! 


sr.  no; 


00. 

8tDomingo,EW  )20L,Ept,  \ 
C.  Etogano,(shL  N  3m.)...  / 

C.  Rafael,  Mt.  Redonda,  2m.  1 
inland J 


Lat  N  I  Lon.  W 


2i°24'4! 
21  37 
21  39 
21  58 

21  37 

22  43 
22    1 
21  42 
21  36-6 
20  20 


82°56' 

81    2 

81  3 
*>35 

82  18 
80  30 
79  59 
79  53*5 
77  10 


19  49*9  77  455 
19  5^      76  45 


19  57*4 

20  00-3 
19  55 

19  452 
19  42 

19  177 
19  19 


*7  551 
18  1 1«3 

18  264 
18  30*6 
18  294 
18  28 
18  28 
18  214 
18  23 
18  168 
18  123 

17  Sl 
17  485 

«7  43 
17  5*5 
17  56-0 
17  52 
17  53 


17  25 

16  48 

17  36 
17  6 
15  53 
17  as 


«8  33  8 
19    1 


75  527 

75  5o*5 
75  » 

79  44 
79  5« 

81  235 

81     7 


76  117 

76  27 

77  137 
77  40' 

77  56-5 

76  107 

78  14' 
78  22 
78  11 
78  235 
78    87 

77  45? 
77  335 
77  10 
77  55 
76  507 
76  33*5 
76  21 


75  59 

78  13 

78  52 

77  26 

78  34 
83  56 


68  187 
6855 


(156) 


Placet 


Town  of  Sarana  la  Mar,  fort 
C.  Samana,  rugged,  a,  1  ^ ... 

Port  Plata,  It.  R  187f.  

Old  a  Francais,  ^  

Pt.Isabelle 

Monte  Christi  B.,$,  F,  w 

C.  Haytien  Harb.,  ffi,  w,  i,\ 

turret  dlfetaing j 

AcuL  ffl  x 

Tortuga  IM\7l^E  pt„  /  ... 
St  Nicolas'  Mole,  ffi,  w,  Fort  \ 

St  George / 

CapeFou    

Gonaives,  ffl,  Pr.  Vcrrier 

St  Marcos  Pt,  A,  1  

Gonaive  L,  ^  10  L,  *,  W  pt 
Port-au-Prince,  r,  w',  Fortl 

Alexander.  It  F  461 f 

Rocheioig  shL,  [1  1.],  Us.,  31 
Cay  mites,  $ ,  9  ||  S,  boot.  NE  pt. 
C.  Diune  Marie,  W  pt„  (w  1 

SE2m.) / 

C.  Tiberun,  A,  ^,  T,  w,  \>\ 

in  bay)    / 

La  Hotte  mountain*,  74001 ... 
Navasa  I.,  [2m.].  3001,  T ,  ♦ ,  1 

«r,  r,  mid.  N  side  / 

Formigas  shL,  J*  2  L,  5,  N  pt 

Pt  Gravow 

L  Vache,  [3  L],  T  8,  NW  pt. 

Aux  Cayes 

C.  Jaquetncl,  ffl,  Wharf    

Mountain,  89001 

C.  Fake  

Beata  I.,  NS  4m„  /,  *»  *  \ 

NW,  NWpt.,801 / 

Frayle  rk.,  501  

Alia  Vela,  A,  T.5001 

C  Mongon  .M 

Pt  Avarena   

Pt  Caldera,  or  Salinas 

Pt  Nisao 

St     Domingo, 

Consulate.  " 
L  Saoua,  EW 


igo,    City,    BJla,\ 

*.  It  Rlllf. J 

:W4L,t,Cana  Pt 

Mona  I.,  EW  6tn  ,  (/«r,  w,*) 
W  end,  d,  rfs.  2m.),  1751,  J 
C.  San  Juan   J 

Desecho  I.,  [1  m.  ],  T ,  t  ,vLj.  1 2 1. 


PORTO  AXOO. 

Aguila  Pt,  If.  R  1281 

Snoab  2 1.  off  W  coat,  Bajo  \ 

Galbirdo.  [s]  / 

B  of  Mayagues,  It  F    

Aguadilla  B,  It.  FL,  r.  w'"   ... 
Porto   Rico,    ffl.   Morro,) 

It  R  1741   / 

NE  extr.,  or  C.  Juan,  (rks.),\ 

It  F.FL2661 J 

AnviL  3700f.  

SE  pt..  G  MalaPasqua. 
Cazo  de  Muertos  I. 

(*  Wi),  8rk., 

2971 


u,  It  F,  FL  \ 


Lat  N 


,90  v 

19  18 

19  47 
19  40 

>9  57 
«9  53 

19  467 

19  45 

20  1 

19  49  5 

"9  44 
19  257 
19    2 
«8  554 
18  332 

18  39 

18  39 

18  36 

18  22 
18  23 
18  25 

.835 
18  1 
18  6 
18  12 
18  13-5 
18  21 
>7  45 
17  367 

17  37 
17  28 

17  50 

lt    7 

18  12 

18  13 
18  282 
18  4 


18  3 
18  227 


17  58 

18  o 
18  13 


Lon.  W 


69°22' 

69  8 

70  38 

69  52 
7i  I 

71  40 

72  117 
72  22 

72  34 

73  22-2 

73  29 
72  427 

72  50 

73  18  a 

72  20 

73  «3 

73  40 

74  27 
74  28 

74  3 

75  2 

75  45 
73  56 
73  43 
73  46 
72  33 
72  o 
71  40 

7i  32 

71  41 
71  40 
71  14 
.1  o 

70  36 

70  o 

69  52 

68  3a 


67  5« 

67  292 


67  15 

67  21 

-w  .j     67  io 
18  285  67  11 

18  28-9J  66  75 
65  36 


18  23 
18  19 
17  59 

17  53 


65  47 

65  49 

66  34 


622 


TABLE  10 


MAEIT1MK  POSITIONS 


(157) 


Places 


3 


3 


Port  Ponce,  It  Fl.  39t ...~. 
Pt  Guaaka    ......^..„ 


a 

Culebra,  or  Passage  I.,  Vm , ) 
(ffl  SE.  w,?,b),Culebrita^ 
I.,  ltF305f. ) 

St.  Tuomab  L,  *fe  4  I.,  ffl,  ) 
E.  r,  If.  F  95f„  K  entr., 
Fort  Christian J 

Frenchman's  Op,  I95f. 

St  John's  I.,  EW  3  1.,  ham  Hd 

Nori  an  I.,  440f„  Mail  of! 
WarB.,on  Wside.  ffl.Npt/ 

Tortola,  J*  H'm..ab.  K8ot.  I; 
Town,  ffl.  w,r, Fort  BurtPt  / 

Gmgerl..  [Im.]  500f.,  i     ... 

Virgin  Gorda,  #  3  U  1*  1 
1370f..  East  pt   / 

Anegada,*,3L,/,t.a.<rtSB  V 
3  I.),  W  pt^  w,  30f. J 

8ta.  Cruz,^7  U  U84f.  w,\ 

lEpt  r 

—  Chrittianstced,  ffl*  Lang's ") 
Observatory,  Transit  [ 
pier.  It  F ~ -...J 

8ombrero,  [!m.],/,  7\  w0,\ 

«r,37fM  ♦0,U.K  lM>f./® 
Dog   I.,   O  rks.  2}m.],\ 

W  rk J 

AnguiIla,#Hm.,»i3fMw0,i 

Cast,  ha /* 

St  Martin  I.,  EW  8m.,  w0>  r,\ 

fcsum.  1361f. J 

—  Fort  Marigot,  It  F  Mf.    9 
8.  Bartholomew,  %  6m.,  N  \ 

pk.992f. / 

Saba  [3m.].  A,  T>  2820f. 

St  Eustatius,  *fe  4  m,  A,  1850f.^ 

Fort  fl.  st    / 

St  Christopher,  %  6  L,  w,  r,\ 

Mt  Misery.  43l3f. / 

—  8t  George's  Ch.,  K.  F  37f. 
Nevis,  [21.],  w,  r,  35t5f  sum. 

—  Charleston,  SW  pt,  w 

Barbuda,  %  14m..  vis.  6  1.,*) 
*0.r,  $  8Wpt.;S&Ept,  J 
a  1  1.,  200f. J 

—  River  fort,  SW  tide 0 

ANTiouA,^12m.(3N),1330f.  ] 
St.  Johii's  Cathedra  i/V  J 

—  English  Harb,,  ffl,w,  |jg,"i 

Dockyd.,  flagstaff f 

—  Boggy's  Pk.,  1339f. 

Redondo,  #0,  600f„  *n)   _% 

W,  T    /  e 

Montscrrat,  %  3  L,  30001*.,  \ 
w,  T.Npt / 

—  Plymouth,  w',  l„  It.  F  56f. 

Guadeloupe,[lS  l.],487i)f.  N pt 


LetX 


17°  58' 
17  56 


18  19 


l8  20'4 

18  14 
18  181 

18  20 

18  25  I 
18  24 
18  31 

1845 


«7  45 
17  447 


Lon.  W 


66°  40* 
66  S7 


65  14 


64  557 

64  5» 

64  42 

64  37 

64  36  5 
64  28 
64  18  5 

64  247 


64  34 
64  4i? 


18  356  63  277 

18  1671  63  155 

18  13  2  63    42 

«8    5     63    3? 
18    41 

'7  543 

>7  38 
17  29-2 

17  22 

17  18 
17  12 
17    8-8 

17  33     61  43 

17  358  61  495 

17    62  61  50*5 

17    00  61  457 
17    2   *  61  51 
16  555  62  187 

16  493  62  1 17 
16  422  62  13 

16  ill    I  61  26-8 


63    55 

62  485 

63  14 

62  59 

62  48 

62  43 
62  33 
62  36 


(158) 


Places 


Guadeloupe,  Vienx  Fort,  pt.. 

—  Basse  Tetre,  Fort  Irot*   ® 

—  Souffiriere,  yo1c~  5500f 

De*irade,  #  7m ,  N  pf 

Petite  Terre,  It  F  l08f. 


Marie  Galatite,**  10m.,  w  W,  \ 
Grand  Bourg,lt  F.  46f-...J 

Dominica,  «,  9  L,  a,  80  1ntv\ 
4747f.,  N  pt J 

—  Roseau,  tiwn,  lu  F. 

—  South  pt.,  A,  fl.  st 


Aves  I-  [3c],  I0t,vr?*  W... 

Martinique,  ^   11    U  Mt\ 
Pelee,  44i8f.  / 

—  St.  Pierre.  St.  Martbb,  \ 

Battery.  Its.  2  F.    J 

—  Fort  Royal,  ffl.  It  F  I3lf... 

—  8outh  pt  islet    

—  Caravel  rk.,  961'.,  *#  **  ... 

St  Lncia,NS  10  L,  4000f^  N  pt. 

—  Port  Castries,  ffl,  Vigie,\ 

ItFSOOi    J 

—  W  pt,  2  S«g*trloav6t,#4ft  ,\ 
*.▼».  16L    / 

St  Vincent  L,  NS  5  L.  3000f... 

—  Kingston.  Fort  Charlotte,  1 
It  F  840f.  i 

Bequia  l,#  2  1  ,*'  W,  w',i 
Admiralty  Bay,  f  ,  b,  N  pt  J 

Grenada,  +  5  L,  2749*,  (*01 
2m.),Spt / 

—  St  George,  ffl,|E,f©rt,itF 

Barbados,  \  *  U    U04f.,\ 
Ept.Jt.E ^ / 

—  RlCRETTS  BaTTBRT 

—  Bridgetown,  Eagr.'s  Wharf 


ouxr  or 


o. 


C.  Sable,  fort 

C.  Romano,  (,  ♦,  (bk.  SW  1 

9m.,  sf.) f 

Saniabel  1^  fflla,  rf  w,  b,  U.\ 

F,  Fl.,  98f.  / 

Tampa  B.,  Egmont  Cay  at  \ 

entr.,  it.  F  86f.   /  9 

Anclotc  Ca\s.  It  Fl.  lOOf.  ... 
Codnr  CnysjlX'pot  Cay.(shl.  \ 

J-7m.).  ltF.FI.  7Af.  .../ 
St  Mark's,  It  K  entr.  F  8*f... 
Dog  I.,  [6m.].  1  3  E,  U  W.... 
St  George  I  .(Harb.  CD10)»\  m 

C.  St  Georgv,  It  F  73f./  9 
C.  St.  Bias,  i,  (sld.  -r  4ir,X\ 

ItFl.  198C J 

Pin  acola  B..  ffl.  Fort  Bar-^ 

ninais,  It.  Fl  210C f 

Mobile,  ffl,  It  E  entr.,  R  33f. 


—  Choctaw  Pt.,  It  F  47 f.. 


LacN 


5°57' 
6    o"5 

6    5 
6  21-4 
6  105 


5S4 


IT4 
13 


43*91 
36 

4«S| 

5 

47 

23 
9 


59 
3 

9*9 

57 
5-2 


5i 


26  27 

27  361 

28  10 

29  6 

30  4'4 
29463 

*9  35  3 
2940 

30  20-8 
30  13*6 

3040 


6057 
61    J 


84  38? 

85  3 
85  21 

*7  19 
88    07 

88 


table:  10 
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MARITIME  POSITIONS 


<»«») 


Placet 


3 

4 

5 


Ship  I.,  #  7m.,  t;wN,)  ft 

mid.;  Wpt.lt  F54f...  J  ® 
Car  I..  EW  5m.,  t,  Wpt,\ 

ItF / 

Chanrteleur  Is.,  J*,/!,  w,b,  [«,  \ 

8W,  It  Npt,F58f. / 

Mississippi  Riv.,  NE  past.,  \ 

Frank's  L   / 

—  South  Piss,  H.  FL  108f.  ... 

—  SWPas8,h.  F  I28f.    


New  Orleans,  City  Hall   

Timbalier  I.,  *fe  7m,  It.  F,\ 

Fl.  lilt / 

Ship  I.,  shoal,  It.  R  115f. 

South  west  reef,  It.  F  56£     .. 

Sabmc  Pass,  Texas  Pt»  bar\ 

if.,  mound,  lt.Fl.  85f.   ...  / 

Bolivar  Pt,  It  F  117f.  

Galvest*  n  L,  #  7  U  /,  8  t\ 

mid.,  NEpt J 

San  Luis  Harb.,  bar  nf*  town 
Mntiigorda  Bay,  bar  ft,  1l  F  1 

91f. / 

Anmsa«  Pass,  af„  It  F  59f.  ... 
Santiago,  Barra  de,  7f.,  It  F  \ 

60f. / 

Hio  Grande,  or  Bravo  dei\ 

Noite,  U.S.  Observatory  j 


CO. 

Rio  Fernando,  or  Tigre    ..O 

Brtrrade  Santaiider,  if. O 

B  irrn  del  Ciesa O 

I'erro  delMecate,  10m.  in*  \  ^ 

land J° 

Tampico.  bar  wf.,  $,fl.  st,\  - 

ItFI.  Uif. J° 

C.  Roxo O 

Lobos  L.  [|m0,35l,  *,\n 

w,f,(rf.N2mO    /u 

Tuspam  sfaU  islets,  $'  7  ... 
Mexico,  city,  St  Augustine  ... 
Vera   Cruz,   w,  rr^   San\ 

JnandeUlloa,  It  R  79f./ 
Saor  ficios  L,  [and  rl  £ra.]  ... 
Orizaba,  mount,  17,89  5£  ... 
Cofre  del  Perote,  Pfe*  13,995(1 
Alvarado,  bar  *f.  d,  It  F  246f. 

Tuxtta.  volcano 

Rota  Partida,  w,  f 

Pt  Znpotitlan,  1  * ,  w'"  ...  O 
Goazacoaho*  B;;r,  It.  F  126f. 
R.  Tabasco,  W  mo.,  bar  Jf.\ 

ItF.FI.  77f. _„./ 

L  Carmen,  f  9L,W  end,  \ 

Port  Lagunn,  entr.  of  Ter- 1 

minus  Lag.,  SB,  w>  r,  b,  f 

Brit  Cons.,  (It  R    I  OOf.)  J 

Chanifoton,  w,  b   

Lerma,  Ch.  in  square,  $.*'... 
Campecbe,   $ \  w,   r,  Fort  1 

San  Jose,  It  F  95f*  / 


Lat.  N 


Loii.  W 


30°I2'6 
30  137 
30    3 
29  1 1-5 

29    1 

28  585 

29  577 
«9    3 

28  55 

29  23 

29  43 
29  22 
29  21 
29    4 

28   2C2 

27   SI'S 

26     6 

25  57'4 


25  23 

23  48 
22  38 

2247 

22  16 

21  35 
21  2S 

ai    1 

19  257 

19  125 

19    10'2 

19     5 

19  29 
18  51 
18  30 
1844 
1835 
18  10 

18  38 


18384 

19  21 
19  484 

19  50 


88°58' 
89  10 

88  53 

89  o 
89  10 

89  235 

90  67 
90  21 

9t    5 
9i  30 

93  5« 

94  457 

94  457 

95  6 

96  25 

97  3 
97  10 

97    7'2 


97  20 

98  43 

97  52 

98  3 

97  49 
97  22 

97  «3 
97  10 

5 
8 

55 
»5 

7 


99 
96 

96 
97 
97 

95  48 
95  9 
95  3 
94  48 
94  26 

92  44 


9«  53 

90  44 
90  367 

90  33 


(160) 


Places 


Celestun,  It  F95f. 

iPt.  Palraaa,  f     „; 

Sisal,  $„w,  b,  fort,  M 

I     F60C  J  8 

Sisal  rk.,  fjm.],  if. ,  (Snake  1 
and   Madagascar   sul*  >  © 

I     NW-d7L) J 

Progresso,  It  F  57f.  

Lagartos,  R.  San  Felipe    

CCatoche,/,  t,(Nptofl 

Joibos  I.,  #  6  L)  r  ® 

Contoy  L,  \  4m„  /,  *  t  N  pr. 

Mugeres  I^5m..80f.,  t  t0,\ 

w,  b,  8  pt, Stone  turret.../ 

Cozumel  I.,  #  8  L,  70f.,  *,*| 

Npt   / 

Ascension  Bn  Noja  spit ........ 


Arcas,[2m.],ik*,  #,WCay® 
Obispo,  Shis.,  2,  ^  5m.,  s,  j,i 

N  one,  beac.  buoy / 

Triangles,  3  Is.,  #  7m.,  f,  \  ffi 

rk.,  #0,  ^,  b,  E  one  ...  J  w 

English  bank,  [b]  © 

Baxo  Nucvo,   [2c.],  rX,\  m 

£  «,  beac.  35f. f9 

Cay  Arenas,  Sandy  I.,  [3m.],  "1 

/,  *%  beac.  20f.,N  pt / 

Alacranes,  %  5  1.,  j&a.,  *,\ 

Whale  rock / 

—  Port,  BJ.Perex  L,[4c],  \ 

huts /  ® 


xoroirauLS. 

Chinchorro  bk.,  or  Northern  1 

Triangles,  8  L,  Great  Cay,  } 

Npt    J 

Ambergris  I.,  or  Cay,  Eor| 

Ri-efPt,«2m.  J 

—  Spt 

Ltho  reef,  #  10  1.,  SBpt,\ 

Half  MoonCay,  f  ,lt.Ft8f./ 
Turneffe,  rfs.,  #  10 1.,  Mau- 1 

gerCay,3lts.  F53f^49f.J 

Glover  rf.,  #  5  L,  8  pt    

Belize,  ffl.  Fort  St  George,  \ 

wJflt.  F43f.   / 

Dolphin  Hd.,  5m.  inland  

Cockscomb  Mt.%  4000f. 6 

Pt.  Icacos.  (w  N  |m.)   ® 

R  Dulce,  entr.,  W  pt    

C.  Three  Pts.,  /,  f ,  (shls.  4  1 

or  5  L),  NW  pt,  w,  / 

Omoa,  St  Fernando,  tort ...  © 

Saddle  hill,  1760f. © 

Sal  rocks,  pt 

Cangrejo  Pk.,  804 Of. ....- 

Truxilli»,  fort 

C.  Honduras,  or  Castilla,  /  ... 
11  till  a  I.,  &  7m.,  5,  NE  pk.  © 

Salmadina  shl.,  flm.J    © 

Hog  ls,fl  1.],  highest  hill  \  m 

onW.  L J9 

Rattan  I.,  #  9  1.,  f ,  Coxen  \ 

buy,  it.  F / 


LttN 


20P53' 
21     2 

21    lO'I 


21  ai 

21  16 
21  34 
21  36 
21  32 
21   12-7 

20  355 
«9  37 
20  12*6 

20  28-5 

20  54-9 

21  47 

21  505 

22  8 

22  35 

22  236 


Lon.  W 


90*24' 
90  15 

90    a-7 

90  10 

8936 

88  18 

87  6 
86  49 
86  405 

86447 
8727' 

9'  59*2 
92  13 

92  13 

91  $6 

92  5 
9«  23 

89  49 
89  422 


87  20 

87  50 

87  23 
87  33 

87  46 

87  53 


"8  37 

18  6 
18  23 
17  12 

17  36 

16  41 

17  293'  88  1a 

17  17  8S  24 

16  48  88  38 

16  14  3  88  36 

"   -  88  47 

88  39  5 

88    37 
87  58 
87  38 
86  53 

85  59*5 

86  4 
*6  527 

87  4' 

86  327 
86  35 


-w  "4  J 
15  49 

1558 

M  47'2 

15  450 

f5  55 

15  38 

15  557 

16    2 

16    75 

15  54 

15  58 

16  18 

024 


TABLE  10 


MARITIME  POSITIONS 


(161) 


Places 


Rattan  la.  Fort  Royal  Harb.,  \ 
B»y,WeorgeCay,N  Wpt  J 

Barboret  L.  8  1  I.  B  

Bonacca  L,  #  3  1.,  ffi  NW  \ 
andSB>,  f  ,F,sum.  1200f.  / 

Misterioaa bk^-Jf-S  I n,8  pt  i» 

Swan  la,  2,  EW  4m.,  W  \ 
one,  f,wff,Ept f9 

Poyas  Pk.,  8700&,  12m.  inland 

C.  Oamaruu,  projecting,  /.... 

Black  R.,  bar  I,  w\  b   

P«took  R 

Carataaca  lag.,  entr.  if.,  £  pt 

False  Cape.  A,  a  ah!   

C.  Graciat  a  Dios,  A  t.w^b.. 

Bank  off  C.  Graciat,  N  part.. 

—  East  exir.,  n 

CaxoneSfOr  Hobbies,\  41.,  Ept 
CayGorda,[2m.]f  ♦ot(i8RVd.  1 

*1) ; 

Alargate  rf.,  \  10m.,  fi  pt  ... 
Mosquito  Cay*,  f  60f.,(wW  1 

6m.,  t  S  I),  8E  part / 

Rosalind  bk.,  SB  shL  parti 

*,[««.]  / 

SerranlUa   bk.,  Cays,  EW  \ 

26m.  S,  beacon  Cay,  8f.  f 
Serrana  bk.,  #  6  L,  8,  8W  | 

Cay,  32f. / 

Quira$ue!iobk.,rf.,NS8l.,S  pt. 
Roncador  Cay,*fe  6nu,  7f, * ,  \ 

w,8pt  T  r 

Old  Proridrnceand  Catalinal 
Is.,  [rfs.5  1.],*' W,b,r,  J 
**0W,tum.  U90f. J 

St  Andrew's  I.,  J*  8m.,  50f ,  \ 
w'",  r*,  SW  coyc  f 

Courtown  bk.,  \  7m.,  SW) 
Cay,  f^w f 

Albuquerque  Cays,  [4m.],  $  W 

Brangtnan's  BlnflT,  %i  8,  w,  |,., 

Rio  Grande,  bar  if.    

P»  arl  Lasroon,  entr.,  N  pt.  (shl.] 
BlewnMds,    0315,    (shifting  \ 

bar),r,Wpt  of  bluff. / 

Little  Corn  L,t,  f ,  [l^m.],  \ 

wpk. r 

GreatCornI,#2im.,A,  f  ,\ 

w„b,r,$$0SWpt,sum./ 

Psjaro  I.,  small,  165f.  


San    Juan   de    Nicaragua,*) 
(called  Grey-town,  1848), 
[*],w'"upm.,b,r  ...J 

Pt  Arenas $ 

Mt  Cartsgo.  U,100f. 

Pt  Blanco,  Grape  Cay,  E\ 
ofdo.,(wWlm.)JtF60f./  9 

Carreta  Pt.,  w  W  2m 

Boca  del  Toro,  ffl,fort,  W  1  m 
Hrlm-r^b  J9 

Blanco  Pk..  U,740f. 

Shepherd's  Harb.,  ffl,  Cay,  1  m 
»),  2*01.,  White  hut  ...  /  ® 

Zapadifia  Cays,  \  Sm.,  B  pt.. 


Lat  N 


6°24'3 
6  26 

6  28 
8  44 

7  25 

5  44 

6  o 

5  57 
5  49 


LoslW 


86°i9'a 
86    9 
85  55 

84    2 

«3  53 

8456 

!5  3 
84  56 
84  18 


5  237  83  43 
5  "3  83  22 
4  59      83  11 


6  48 

5  32 

6  3 

5  $2 

5  7 

4  20 

6  8 

5  48 
4  16 
4  8 
3  3" 

3  21 

2  3«7 

2  24 
2  10 

4  3 

2  54 
2  21 

1  593 

2  170 
2  9*2 
1  3i 

o  55 

o  567 

o    2 

10    o-o 
9  38 
9  205 
9  17 
9  144 
9  15 


82  10 
80  56 

83  6 

82  24 

82  20 
8244 

80  17 

79  51 

80  24 

81  9 

80  2 

81  23 

81  44 
81  29 

81  54 

83  22 
83  32 
83  38 

83  41 

82  36 

82  597 

83  43 

83  43 

83  43? 
8348 

83    25 

82  40 

82  is? 

83  4 
82  207 
82    2 


(162) 


Placet 


Chirlqui,  lag„  ffl,  Chica\ 

Molarir /• 

Valiente  Pk.,  72»£    ® 

Escudo  L,^2im^  t  f,j0 

High  pk,  52MM+ te  I  - 
of  Buppan  bluff)    (  9 

Castle  Choco,  6342f*  5  l.\  A 
inland /  ® 


ortav. 

Chagre.  w  rir.,  rr0,  San  \ 
liOrenao,  fort J 

Aspinw  all,  or  Colon,  It.  F  60f. 

Porto  Bclto,  rr^  SB.  Fort  1 
St.  Jt-ronymo J  9 

Farallon  Sucio,  rk 

Pt  Mantanilla,  A.  1 9 

Pt  San  Bias,  f,  (rf.  2m.)  ...  0 

Mandinga,  $' ... 

Muletas  Archipelago,  B  pt  ... 

Pt  Mnsquitos 

PinosL,  [lm.],A,  f,NBpt... 

aXiburon,  l,*,rky.,(*H\V) 

Pt  Caribana,  (shl.  ^  5m.) 
L  Fuerte, [ijin], -**>.,  t  f  ,6 
CispataHarb.,BB,East  ptZapote 

Santiago  de  Tolu,  E  entr. 

San  Bernardo  Is.,  [3  L],i.  *  ,\ 

Nst  one / 

Tortuga  shls.,  2,  outer,  [t]  ... 
Rotario  Is.,  [2  I.],  W«t  one... 
Cartagena,  gj,  Dome 0 

—  Entrance,  fort,  It  F  60f. ... 
Pt  Canoas,  A  K  over,  (rks.  \ 

SW-d.  3m.  If.) J 

Pt  Gal.  ra,  /  

PortSabanMa.ffl,  It  F,FL«8f. 
Magdalena  Riv.,  bar,  |0,  b,  w( 

C.  Augusta 

Sta.Marta,ffl,Morro,ltF328fe 
C.  Aguja,  1,A,  T,(rk*.  8c) 

C.  San  Juan  de  Guia. 

Hacha,  6,  It  F  90f. 

C.  Vela,  (islet  2c.  off,  *0)f  E  pt 
Bahia  Honda,  *',  6  shL  in  I 

mid.  entr.,  E  pt  / 

Pt  Gallinas,  (shl.  2m.) 

Druid  shl.,  [ft],  T  B 

Pt.  Espada 

Zapara  Castle 

Maracaybo,  fflla,  bar,  entr.,\ 

(•bifts)    ; 

—  Town,  20m.  up  the  lake,  Rf. 

Pt  Arenas 

Coro    M.., 

Pt  Cardon,  I , 

C.  San  Roman   •••-< 
Pt  Mantanilla  .•••« 


Lat.  N 


Ca. 


Monjes,  6^  N  rks 

Oruba  I.,  %5L,  Port 

ballot,  It.  F  40f. / 

Curacao  L,  %  12  L,  Mount  \ 

S.  Cbristoffel,  1200f.  / 


W 


8°59ro  8i°55'7 
9  io-5;  81  55 
9    64,  81  345 

8  427   81  500 

837      80 


9  197 

9  22*2 
9  32*5 


39 
39 
35 
30 

3I 

i'5 


841 

838 
9  24 

9  24 
9  31 

948 

10    3 
10  11 
10  25*6 
10  19 

10  34 

1047 

11  o 

11    6 

11  15 
11  20 
11  21 

11  33 

12  10 

12  19 

12  25 
12  30 
12  4 
11     1 

11    2 

10  41 

11  7 
11  24 

11  36 

12  11 
II  3* 


12  09 

12  29 

12  19 


79  59*5 

79  547 

79  38  5 

79  37 
79  3* 

7858 

7858 
78  3* 
77  56 
77  46 
77  2t  5 

76  53 
76  107 

75  5o 
75  38 

75  53 


75  57 
75  5i 
75  34*o 
75  35? 

75  33 

75  26 
74  58 

74  5i 

74  14  7 
74  12 
74    o 
72  55 
72  12 

71  46 
71  42 
7i  39 
71  8 
7i  38 

7i  39 

7i  42 
7o  55 

69  44 

70  18 
To  5 
69  20 


70  57 
70    7 

69    9 
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MARITIME  POSITIONS 


(163) 


Places 


I  Lst.  N 


i 


Curacao,  Rif  fort,  St.  Ann,  ffl 
Little  Curacao,(2m.],/4t.K75f. 
Buen  Ayr*  I..  *fc  6  L,  Lacrel 

pt.,  ltF85f.  / 

Ares  Is.,  2  grps.,  EW  5L,\ 

Wone,  [2Ll..^,SId..../ 
Los  Roques,  EW  8  1.,  Porn 

El  Koque,  N  side,  t ',  w,  [ 

h,  N  pt.  It.  R  208f.    J 

Orchila,  [7m.],  W  pt..  rk.  lOf. 
Sc  Juan  B„  Cay  St.  Juan...  e 

Tucacas,  S,  Ore  house 

Porto  Cabello,  ffl.  It  Fl.  **2f.... 
La  Gunyra,  *  „  w,  r\Trio-  \  - 

chert  Bastion,  It  F300f.  /  w 
Caraccas,  3000fn  7m.  inland... 
Peak,  or  Si  11a  de  Caraccas,! 

5m.  inland,  8500f.  / 

Pt  Maspa,  (rks.  off) 

Oniinella,  7 Of.  , 

C.  Codera,/,  T,  (*'  W  f , 

Corsair  B.),  W  pt 
Morro.  of  Barcelona,  (City  -fa 

*J«) 

Cumana,  Fort  Antonio,  w'tlt 

F44f.  / 

Pt.  Escarseo  

Tonuga  I.,EW4 1.,  Oriental  Pt. 
Blanquilla  I..  NS  2  L,  (J, * ot\ 

«0,wW,*NW),Npt.../ 
Hermanos,  %  10m.,  T  ,&0.S  rk. 
Margarita  I..  EW  12  1.,  (N\ 

Coast  ao),Npt,C.  Isla   / 

—  Pampatar,  Casle 

—  West  exrr. 

Sola  I.,  rk.  *  

T*stisos  I*„  *fe  2jra.,  «0,  t  \ 

SW  i,  n>  Tin.  5  I.,  Grt  I./ 

Cani(>ano  B.,  It  F  130f. 

C.  Three  P.»inU,«p  Jm 

Pefias  Pt ,  (W  pt  of  Dragon's  \ 

Mouth)    / 

Pt.  Foleto,  mouths  of  Ori-  ~ 

noco  a*   ••••••••••••••••••••< 


12°  6'3 
ii  59 

12      2 


Lon,  W 


} 


} 


Trinidad  and  Tobago. 

Trinidad,  J*  26  1.,  E  pt,  Pt\ 
Galcra,/,rky / 

—  Ouayguarare  Bay 

—  Chacacbacare  1.,  [2m.],  *| 
830f.,  E  Me  of  Dra-  S 
gon's  Mouth),  sum.   ...  ) 

—  Port  Spain,  ffl,  fort  It.  F  \ 
50f. / 

—  West  pt.,  Pt  lcacos,  T ,  It  1 
F39f. / 

—  SE  pt,  Pt  Galeota,  vis.  6  L 
Tobago,  >  8  L,  N  pt.,  Mar-  I 

ble  I / 

—  SWpt,  shoal,  6m.  SW    ... 

—  Kockly  Bay,  It  Fon  E  pt... 

OVZAITA. 

Orinoco,  E  mo.,  (shls.),  Crab  \ 
I.,[3l.],NPL   ; 


ii  59 

ii  58 

11  49 
11  10 
10  47 
10  294 

10  369 

10  30 

10  32 

10  40 
1049 

10  36 
10  135 

10  27  6 

10  40 

10  55 

■>  55 

11  42 
11  10 

10  59 

10  585 

11  19 

11  23 
IO  41*2 

1045 
1044 

IO     O 


IO  50 

10    92 
10  417 

10  387 

10  38 

10  8'2 

11  218 

11  8-6 

II    fOl 


68°57' 
68  35 
68  17 

67  40 

66  385 

66  14 

68  23 
68  20 
68    27 

66  565 

66  57 
66  52 

66  19 
66    9 

66    7'5 

°4  43 

64  12 

64  16 

65  125 

©4  37 

64  29 

•3  54 

63  49 

64  25 
63  36 
63    8 

63  147 
62  41* 

61  51 

62  18 


60  54 

61  1 

61  45 

61  30  7 

61  557 

60  59  2 

60  31 

60  50 
60424 


(164) 


Places 


8  42   I  60  J$ 


Pr.  Barima,  It.  v.  F,  s,  5"f. 

Mocomoco  Pt    

It  Guayama.  entr..  (bk.  N  6  L,  \ 

hills  to  SW-d.  inland)   ...  j 

Coco  Pt.,A,  f O: 

C.  Nassau,  E  pt.  of  Pauroma  \ 

R.,  (shl) \ 

R.  Esseqtiiho,  beacon  E  of) 

Leguwan  I J 

—  Fort  Zenland 

RDcmerara,  QJ  x?.  bar,  leac.,  1 

(5  or  6  f  9m.  Ed.  in  1834)  f 

Georgetown,  lr.  R  I03f. 

Berbice  R,  shl.,  ffl,  bar  7f.,  1 

CrabL,  [lm.],4  t  / 

—  FurtYork 

Coreutyn  R.,  (shls.   3  1.),  1 

Nickerie  Fort j 

Coppename  R.,  E  pt ,  entr.  6 
It  Surinam, Fort  Amsterdam... 

—  Paramaribo,  Church 

Post  Orange  

R  Maroni,  W  pt,  It  F  76f.  ... 
Mana  K,  EstabL  on  W  bk.  ... 
Salut,  or  Devil's  ls..3,[}m.],^ 

$  -k,  8  one.  w,  It.  F  I97f.j 
Cayenne,  ffl,  fort,  It.  F  130f... 
Mother  rk.,  [Jm.],  pilot  sign... 
Gunner's  Is.,  ■#■  2m.,  E,  or ) 

grt.  one    / 

Pt  Behague,  /,  f ,  at  E  entr.  \ 

of  Aprouak  Riv / 

Argent  Mount • 

C.  Orange,  /,  t 

C.  Cachipour,  /,  *,  NE  part... 

Ml  Maye  

Maraca  L,  [3 1.],  /,  Old  Cape  1 

Noith  • / 

CalK> do  Norte —...O 

B*ilique  1.,  [7m.],  N  pL  

Macapa,  fort  

Mexianal.,^  11   U  •  W,  \ 

Ept / 


I41L 


Chaves 

Fresi-as  I.,  [2m.]   , 

C.  Ma^oari,  NE  pt  

Para,  Custom  House  

Braganza  shl.  and  bks^  ^  \ 

7  I,  It  F30f. j 

Salinas,  vill.,5 - 

Cajetuba  1M  N  pt  

Aialata  Pt.lt  Rev 

Caite  Is.,  NE  part..... 

C.  Gnrupi,N  pt 

Pt.  Tamandua    .. 

I.  St.  Joao,  #4  1.,  /,  w,  h.\ 

F   -8f  i 

ItacolomiPtrtiit.R "ViVf"  ... 
Maranham,  ffl  J  J,  w',  r,Ca-  \ 

Aedral .'. J® 

Coroa  Grande  shl.,  £Es-.  centre 
Fort  St.  Marcos,  It  F  119f. 


Norh 
8^36' 
839 

825 

8    o 

7  36 

7  o 
6  47 
6  58 
6  49  4 
6  21 
619 
5  57  5 


U*.  W 


5  49 
5  57 
5  44 

37 

17 

56-5 
53 

50 


4  35 
4  22 
4  20 
3  50 
a  47 

2  15 

1  40 

I     4 

o    08 

o    o 


South 
o  18 
o    3 

0  13 

1  27 

o  25 

o  36 

o  3> 
o  36 

o  43 

0  54 

1  16 

1  17 

2  10 

2  3'  7 

2  14 
2  29 


6o°23' 
60  10 

59  57 
59  25 

5856 

58  18 

5832 

58  14 

58  1 15 

57  30 

57  3* 

57    o 

55  56 
55    55 

55    9 
54  34 
54    o-5 
53  5o 

5«  35 

52  20 
52  10 

51  54 

5i  53 

5i  39 
51  27 

5i     3 
5o  54 

50  18 

49  57 
49  56 

51  2 

49  19 


49  $5 
48  59 

45  26 
48  30 

47  58 

47  24 
47  42 
47  22 

46  57 
46  14 
45  23 
44  55 
44  247 
44  16  7 

43  59   I 

44  17    j 


SB 
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(165) 


Pla 


Lat  8    Loo.  W      (166) 


Placet 


LatS 


i 


s 


t} 


::} 


!;} 


Manoel  l.aii  shl.,  Ek  [1  L], 

T.0*o,Wrk.   . 

Silvnshl 

L  8t.  Anna,  [7m.],  (rfs. 

4  LX  *,ltR!90f. 
Lane***  Uiandra,  W  pt 
Bona Velha,  B.  Paranabyba, ) 

ItF J 

Jencoacoari  w,  r,  B  wnd  \ 

hill  / 

Almnfedaa.  rill.,  SteepU  hi  f  . 
Mt.  Milancias,  utolated  sand  1 

hill  j 

Ceara,  Church  tower 

Pt  Macoripe,  It  F  85f. 
Jaguanbe  It,  bar,  fifi( 

NptJtF 

Armrati,  town 

Motto  Tibao,  red  sand  hill 
Pt.  do  Mel,  t  ?  (aldi.).  N  i 

Pt    / 

Pr.  Tubarao,  N  sand  hill  .... 
Urea*,  this.,  3,  T  N,  N  edge. 

C.  St  Roque,  f,  i  

Rio  Grande  do  None, 

Circular  Fort  on   ledge 

(w  }m.).  It  F  43f. 
Parahybado  Norte  RiT.,ffl1?, ) 

Pedra  Secca,  It  R  52f.  ...  / 

Fort  Cabedello,  f   

C.  Branco.  sand,  1  ,(2  f  at  pt  ?) 
Pt  de  Quia,  E  extr.  of  8.  Amer. 

Olinda  Pt,  It.  Oce. 

PernambuvO,  Q3  *£,  bar,w%\ 

r.  6,  Fort  Picso,  It  R I 

C.  8t  Agostinho.  ^,  f ,  Ch.  sum. 

Mt  SeUada,  S  pk. M 

St.  Aleixo  In  [2c],  w    —••••.. 

Tamandart,  B>  fort  

Maoio  f,w,fort,(*+,ltRl 

208f.)  / 

R.  St  Francisco,  8,  or  Samoco  \ 

Pt,A  *,  fi  ljm.,lt  F59£/ 

Itabayana  Mts.,  sum.    

Tres  Irmaos,  9  mts*  9  L  ln-\ 

land,  SE  hill  / 

Mt  Mastirandapio,  10m.  inland 
Bahia,  ffl,  B»  C.  St.  An-  \  m 

TONIO.ltRUOf. J9 

Morro  St  Paulo.  It  R27ff.  ... 
Quumanou  B.,  Pt  de  Muta 
O*  Uheos,  rks.,  large  one ... 

St  George,  town,  fort   

Porto  Segiiro,  ffl,  r,  Cathedral 
Abrolhos  Is.,  [l^m.],  $W 

ftm.,  8t  Barbara,  It  Rer. 

lo9f.. ....... .«•«••••••••••••••  ^ 

8ta.  Cras,  Ch 

Rio  Dove,  W  pt,  entr. 

Espiritu  Santo  B.,  w\  r,  b,1 

Sta.  Luiia,  It  F  66f. j 

Guarupari,  Ch 

Calvada  Islet,  4m.  ont  Q0  W. 
C.  St  Thome\  A  (bka.  15m. 

off),  It  Fl.  I57f. m 

St  Ann  lsn  3,  <#■  4m.,  w,  b,: 

sum.  grt _ 


o°5i' 
o  32 
2  16 

2  21 

2  50 

*  47 

2  56 

3  12 

3  43 

3  4* 

4  25 

4  31 
4  49 

4  55 

5  * 

4  50 
$  30 

5  4S 

6  56 

6  57  8 

7  » 

SI 

8  34 
8  20 
825 

8  36 

8  434 

9  39 
1029 

1047 

11  16 

12  24 

13  °7 

13  23 

13  52 

14  47 
14  494 

16  268 

17  58 

16  173 
>9  37 
20  19 

20  439 
20  44 

22  2 
22  25 


44°I7' 
44  19 
43  38 
43  22 
41  44 
40  28 
39  48 
39  18 

38  325 
38  27 

37  45 

37  48 
37  18 

36  53 

36  28 
36  16 
35  «* 

35  » 

34  49 

34  50 
34  48 
34  47 
34  50 

34  52 

34  56 

35  i' 
35  o 
35    5 

35  39 

36  24 

37  23 

37  17 

38  4 
38  32 

38  52 

38  56 

39  o 
39  * 
39    o 

3841 

39    0-2 

39  46 

40  16 

40  27 

40  21 

41  O 
4i  4« 


Anehoras  Is.,  [1  I.].  E  one  ... 

C.Frio,  (I.  #  2Jm.,**m 

8  pt.  It  FI.  3001... J 

0.  Negro,  /,  5Q  3m.,  pt 

Maricas  It,  #  1  1..  »0,  8<t.  ... 
Rasal.,  [}m.].ltR3!5f.  .. 
Rio  Janbibo,  S,  fort  Villa- 1 

gagnon,  tQ.lt.F59t j 

Rio  Janeiro,  Obseuvatobt  .., 

Gabia  Mt   

Pt.  Goaratiba,  hill 

Marambaya  L,  EW  8  I.,  T  S,  ^| 

W  pt,   (E  enir.  of  Ilhu  } 

GrandeB..  w,b),  hill  2066f.  J 

Lagerk.,  18f. 

1.  Grande,  EW  6  1..  9  N,\ 
K  pt,  or  Pt  Castelhanc*  J 

UbatubaCh 

Pt.  Cairoyo,  R  snm.  of  mt  ... 
Porcoe  I*.  Trks.  4m.].  *  \  S  lull 

Bosios  Is.,  [2m.],  SE  one , 

St  Sebastian,  (ffl,  w,  r,  b),\ 
J 


22°40'5 

23    «'3 

22  57 

23  1 
23    37 
22  54  8 

22  54-4 

22  59 

23  3*6 

23    44 


6*6 
97 


St  Sebastian  I.,  *fc  5  L,  vU.  1 
15L,8pt  J 

Mont  de  Trigo,  A,  f  

Moela,  It  F  334C 

Santos  Harb.,  B.  r,  wr  7in. ) 
up  river,  V»  Arsenal  J 

PtTaypn  

Alcatrasses  Ia^  iks.,  I  5m.,  1 
snm J 

LagedeSanto«,rk.  7f.  

Queimsda,  Is^  2,  *jj  10m. 
large  or  outer  one 

Iguape  R.   

Bom  Abrigo,L,[lJm.],*,  f , ) 
ltFL504f.(^E,Cananea,  } 

ffl.bari) J 

Cardoi • (D 

^m.?],l60f.,*o.T 

w,  B,  town 

*t  3m^  It   Fl 


:} 


Mt 

FigueiraL,! 
Pamnagua  1 
1.  do  Mel, 

262f. r 

Coral  I.,  [lm.?],  64f.,  J0  2m... 

R.  Guaratuba,  pt,  hill    

St  Francisco  I.,  J*  6  U  k  \ 

t.G.  JoaoDia«,ltF309f.  f 
Tamboretes  Is^  [1  L],  t  ,Sonc 

Itapacoroya  Pt,  N  part 

Pt  Bombas 

Arvoredo  L,  2^  2m^  f ,  It  \ 

F,FL292f. / 

Anhatomirim,  w  N  2m..  r,\  m 

\),  fort  fl.  st.lt  Fl25f. /® 
St  Catherine  I.,  ^  10 1.,  (B»T 

NW-d.),  Npt ^ \ 

—  Nostra  Sennora  de  Detttcrro 
Pt  dos  Naufragados,  It  ReV. 

I49f. 

Ft.  Pinheira • 

Batuba  Pt,lt  F  69f. 

T^goa,  (Oty  lm,  W-d.)  bar 

C.  Sta.  Marta 

KioGmnde  do  Sul,  entr.f,  w, 

r*,  E  pt  tower, 

I04f. 


til,  entr.f,  w,"| 
r,  ItF,  Fl.  \ 


23 

23  25-91 
23  182 

23  32  9 
23  445 

23  47 

23  57 

23  51 

24  2 

23  55  8 

24  1 
24  6 
24.* 
24  28 


37 


25    7 

24  59 

25  22 

25  3i 

25  33 

25  47 

25  33 

26  10 

26  21 

26  47 

27  8 
27  18 

27  255 

27  22*5 

27  35  4 
27  49 

27  54 

28  16 
28  285 
28  39 

3*    7 


4i°45' 

4«   57 

4*  39 

**  % 
43     *7 

43     9^5 

43   10^ 
43   17 
43  3* 

43  59 

43  49  7 

44  5* 

45  3*7 

44  35 

45  3^ 

44  59 

45  « 

45  ■$ 

45  45 

46  13 

46  19 
46  24 

45  40 

46  11 

46  40 

47  22 

47  52 

48  6 

48  3 
48  28 

48  18 

48  22 
4836 

48  33 
48  32 
48  47 
48  29 

48  22 

48  34-5 

48  257 

48  32 

4832 

4f35 
4840 
4848 
48  50 

5*    7 
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Place* 


.a 


ITRVOVAT. 

C.  Polonio,  It  F  137f.  -;... 

Ranger  rk.,  small.  &&0  

C.  St.  Marv,(*  N-d.  i«),  It 
RtrV.  132f.    

L  I,obos,  [tm.]. (rfo.  Ed. 3m.) 

Maldonado,  tower,  w 0 

Flores  I„  [lm.],lt  W  106f.  ... 

Moktr  Vii»no,  Rat  I 

Colonia,lt  Rev.  UOf.    ......... 

JkMQmwTTWA. 

Buekos  A  raw,  Custom  1 
House,  It  F J 

Santiago,  pier  head.  It  F 

C.  St.  Antonio,  N  pt,  or  Pt  Rasa 

Pt.  Medano,  <  shl.  6m.),  S  sain. 

Mar  Chiquito,  (eutr.  impract) 

C.  Corrii  ntes,  A,  1 , 1 2of. ,  E  »um. 

Pt.  Mtigotes,  A.  ^  104f.t  3  2m. 

Guegucn  R.,  |0  

Sierra  Yen  ana,  3500f.  

JUhia  Blanca,  Mt  Hermoso,  1 
It.  Fl68f.    / 

—  Fort  Ar^eutino 

R.  Coloraaos,  bar  t£ 

Union  B.,  nf.,  Indian  Hd,\ 

45f.,  l.  #.w\  o / 

San  Bias  Harb.,  ffi.  w\  b"\  r,  ( 

r.  Main  Pt.  35f.f  W  entr.  ( 
R.  Negro,    bar  if.  ?    South  \ 

Barranca,  r,  b\  It  F  U3f.  J 
Port  St.  Antonio,  ffl.  w,  t>.  K  i 

hdn  or  Villarino  Pt.,  (bk.  } 

4m.  3),  ham  4 Of.  J 

Sierra  de  Sn.  Antonio,  I700f.. 
Port  San  Josef,  w^  h,  W  head,pt 
Valdes  Penins.,Pi.Norte,3  lm. 
Pt.  Delgada,  200fn  SE  cliff  ... 
Kuevo  G.,  E,  or  Nucvo  Hd.,  1 

l,200f..  T,(w\b) / 

—  W  kd.,  Niulas  Pt.  240f.t  \ 
rks.  2m.,  £  ctff / 

Salaberria  F7.,  #  8m.,  N  and\ 

Ept / 

Port  St  Elena,  w^b„  S  He«d 

C.  Two  Bays  

Arce  I.,  [lm.],  SE  sum. 
The  Oven,  or  Prince  Regent  \ 

haven,  ffl,  entr.  J 

Medrano  rks. 

Tova  I.,  *fc  4m„  (Cove  -M 

X'.b",w)  / 

C.  AristuEabal.  (rks.  off) 

Salamanca  PkM  700f.    

C.  Three  Pts.,  ab.  2000f.,  «01 

lm.,  NE  pitch / 

C  Blanco.  /,  ragged,  (shls.1 

2  L),  NE  som.,  (S  Core,  > 

■W-V>  ~J 

Port  Desire,  w#,  b',  ruins 
Sea  Bear  B„  *  ',  b0,  w  at  pt,  \ 

Penguin  I. J 

EiriiwrE , 

Monte  Video,  ab.  SOOf. 


Lat« 


Lon.  W 


34°25' 
34  3o 

34  40 

35  t 
34  535 
34  57 
34  5V5 
34  2* 


34  36-5 

34  48 
36  19 

36  59 

37  47 

38  5 
3«    57 
3836 
38  117 

38  59 

38  43  8 

39  52   J 

39  575 

40  304 

41  I 

40  49 

41  41 

42  14 
4*  3 
4a  46 

42  53 
42  58 

44  *S 

44  32 

44  55 

45  * 

45    © 

45  10 

45    * 

45  13 
45  34 

47    6 

47  ■* 

47  45 

47  55 

48  7 
48  14 

*.      ■   ' 


53°47' 

53  5i 

54  9 

54  52 

54  577 

55  55 

56  14 

57  517 


58  22*2 

57  53'5 
56  45 

56  41 

57  22 
57  29 

57  31? 

58  40 
61  56  5 

61  39 

62  15 
62    4 

6a    7f 

62    8 

62  48 

64  54 

65  12 

64  25 
6348 

63  37 

64  * 

64  20 

65  ft 
65  22 

65  3i 
65  29 

65  40 

65  53 
6556 

66  30 

67  20 

65  51 

«5  44 

65  55*5 
65  42 

65  37 

66  26 


(168) 


Places 


Watchman  C ,  4  (shL  2  t,  i).M 
Bellaco  rk.,  or  EddyMone,  6f_ 

C.  Curioso,  4  striped ., 

Wood's  Mr„  vis.  11  1 

Pc«i  St  Julian,  Q],  Sholl  Pt... 

C.  Francisco  de  Paula  1 

Port  Sta.  Crox,  bar  nf.,  Mt  \ 

Entrance,  onSside,  1 ,35of.  / 

Coy  Inlet    

C.  Fair  weather,  ab.  300f. 

Port   Gallegos,    ffl,    Ob*n.  1 

mound j 

Cape  Virgins 


FAUOAVB  XftXrAWDS. 

Jasonls^iMII^WCay.. 
Griind  Jason,  *k  4m.,  1210!... 

White  rk 

New  L,  NS  5m.,  ffl  -fe.  N  W  pt. 

Bird  I.,  EW  l}m.f  410f.   

West  Falkland,  #  25  L,  Port  \ 

Stephens,  ffl,  entr.  E  pt  J 

C  Meredith,  8  extr.  2n0f. 

Albemarle  rk.  150f.   

Port  Edgar,  ffl,  S  head.  sum... 
C.  Tamar,  150f.,  N  cliff,  sum.. 

Port  Egmont,  Cove,  ruins 

Wreck  I.,  EW  3m„  W  extr. 
Port  San  Carlos,  SB.  w,  b, 

Fanning  Ud.,  8VV  sum. 

Eddystone  rk..  SOOf. 

Ea*t  Falkland,  #  27  L,  Port  1 

Salvador,  ffl.  Shag  I.,  entr.  / 

C.  Carysfort,  NE  cliff  

Port  Louis  BB,Settlem.t  fl.st.  0 
Eextr..C.  Pembroke,  It  F 1 1  Of. 
Port  William,  Stanley  ffl,  w',  ^ 

r,  F,  b,  Gov.  Store  ho j 

Lively  I.,  NS7m.,SE  pt,  (rks.) 
Sea  Lion  Is.  and  rt,  EW  1 

llm.,  Wextr. / 

George  I.,  J*  7m„  rks.  W\ 

2m.,  SW  pt    / 

Beauchene  I.,  [l£m.j,  200f.,  I 

^rk.^5m.?),Spt / 

SOTXTM  ATXJaJTTZO 


}• 


South  Georgia,  *fe  30  I,  &\ 
Nonh,  pt„  or  C.  Bullcr...  / 

Wallis  I.,  EW  4m.,  W  pt 

Annenkov  L,  [2m.],  pk. 

Green  I 

Mokke  Harbour,  Obsn.  spot... 

Clerks*  rks*  %  2  L,  /•-,  S  extr. 

Sliagris. Q 

Marquis  de  Traverse  Is.,  A,  ^ 
N  one,  Zavodovskt,  [3m.]  j 

—  W  one,  or  Lleskov,  [2m.].. 

Candlemas  Is.,  EW  4rn.t  A,  \ 
vole,  E  one    .*...-./ 

Saunders'  I.,  *k  6m.,  sum , 

Montague  L,  [3  1.],  Cape 

Bristol  L,  [S  !.],  E  pt  , 

Southern  Thule  Is.,  [3L],E  pt 

E  extreme  of  group,  rk ,... 


Lat  S  Lon.  W 


48°2I' 
48  29 
9  II 
9  137 
^9  15  3 
9  42 

9 

0  54 

1  321 

1  33*3 

2  20  2 


5o  58-5 
32 
"7 
42 

52  11 


2  11 


15*2 
'3 
07 

!/ 

21 
IO 

27*2 

IO 

23  7 

25'2 

32 

407 

41-2 

47 
25 


12  22*3 

2  55  7 


66°2o' 

66  12 

67  37 
67  45 
67  41  -2 

67  37 

68  22 

69  8 
63  555 
68  59-2 
68  217 


61  27  7 

£l  3 

60  52 

61  17 
60  54 
60  41*2 

6038 
60  217 
60  13*2 

59  29 

60  3 
60  14 

59  7? 

59  2*5 

58  19 

57  5o-5 

58  7 
57  42 

57  5i 

58  25 

59  85 
59  477 
59  i?7 


53  59 

37 

28 

54  4 

38 

14 

54  37 

37 

3 

55  2 

36 

2 

54  30  9 

36 

3I7 

55  4 

34 

53  48 

42  45 

56  18 

27  29 

5641 

28 

10 

57  to 

26 

45 

57  52 

26 

24 

58  27 

26 

44 

59  0 

26 

18 

59  26 

27  13 

60  49 

44 

20 

628 


TABLE  10 


MARITIME  POSITIONS 


(!•») 


Placet 


! 


Laorie  I.,  EW  7  L,  E  pt.,  C."l 
Dunda*,  559f. J 

Murry  Is.,  UlOf.  3  one   

Saddle  I..  [4m  ],  W  pk.,  1643f. 

Coronation  !.,*£  12  1.,  Esum.  \ 
M97f.  / 

—  NW  pt.f  or  Pt  Penguin   ... 

Despair  rk 

Inaccessible  Is..  [4m.],  337f... 

Comwallia  I..  [2m.]  

Elephant  I.,  £  9  L,  E  sum.  ... 

—  Rocks,  NW-d.,  outer   

O'Brien  L,  [lm.]  

Rocks O 

Bridgeman  L,  [4m.],  600f.  "I  0 

volcano   / 

Kirg  Gei^gol..  #  1.1  L,\  n 

Ept.orC.  MiWilIe...J  V 

Ridley  In  [2m.] 

Livingston  I.,  Jf  10  1.,  NW  ) 

pt.  C.  Shirreff  / 

Deception  I..NS  1 0m.,Port\  tt 

Foster,  ffl,  Mt.  Pond...  J f  ® 
Smith  L,KW7L,Mt.F<M-l 

ter,  6600f. / 

William  rk 

C.  Possession 

Astrolabe  L,  EW  4nu,  mid. ... 
Joinrille  T„  EW  15  1.,  S  pt.,1 

orC.  Purris   / 

C.  Seymour    

Mt.  Haddington — ... 

Biscoe  Is.,  Htt  I.,  md 

—  Adelaide  I.,  a,  mid. 

Alexander  L,  N  pt   ....• 

St  Peter  L ...... 


Lax.  S 


Loo. 


avtabctxo  ocmajr. 

Sir  Jas.  C.  Ross*  furthest 

Mt  Bnbos,  12.40011 

Mt  Sabine 

Baileny  Is. 

Adelie  Land,  Geology  Pt 


Pt  Catherine,  /  

C.StSebastian,  1 ,190f.,  Nsura. 

C.  Penas,  8E  cliff 

a  San  Diego,  i,  l,Ept... 
Staten  I.,  C.  St.  Johu    

—  Vancouver,  C.  Kendall 

—  C.  St.  Bartholomew 


6o°54r 
6i  2 
6043 
60  46 

6033 
6036 

60  40 

61  4 
61  6 
61  o 
61  3a 

61  43 

62  10 

62  2 

61  48 

62  28 

62  55* 

63  2 

63  17 
63  45 
63  16 

63  39 

64  13 

64  12 

65  20 

67  15 

68  51 

6857 


78  4 
77  3i 
71  42 
66  44 
66  35 


Good  Success  B.,  t ',  w,  b,  S  hd. 
C.  Good  Success  A,  1 ,  rk*.  close 
Ushuwia,   Beagle    Channel, 

Mission  Station  

New  I.,  J*  Hm.,  ao.  Pt.  Waller 
Barnevcldt  Is..  [2$m.],  cent... 

C.  Horn,  ab.  I391f.    

Hermit  L,  EW  14m.,  West  C. 
—  St  Martin  Core,  B,  b,  w... 
Orange  B.,  ffl,  Pyramid  I..".... 

False  C.  Horn 

Ildefon^o  h.,^  5m.,  100f.,mid. 


West 
44°  20' 

44  30 

45  >o 

45  53 

46  40 

47  i* 
47  38 
54  28 

54  45 

55  40 

55  52 

56  50 

56  40 

57  30 

58  o 
60  28 

60  30 

62  47 

63  o 

61  50 
5*  20 

55  4« 

56  32 

58  I 
6S  38 
68  15 
73  "o 
90  46 


East 
161  o 
166  58 
169  55 
163  11 
140  10 


52  33 

53  19 

53  5»*5 

54  4« 

54  42'3 
54  49  8 
54  54 

54  49 
54  55 

54  494 

55  n 
55  49 
55  59 
55  5o 
55  5i 
55  314 
55  43  I 
55  50 


West 

68  46 
68  10 

67  33 

65  7 

63  43*5 

64  6 

66  46 

65  13 

65  22 

68  185 

66  33 

66  485 

67  16 
67  55 

67  34 

68  55 

68  3 

69  18 


(170) 


Places 


Diego  Ramirei  Is.,  KS  5m,  1 

587f.    / 

York  Minster 

C.  Castlereagh,  (Stewart  Hr.  \ 

NE-d) r 

Townshend  Harts  *  "',  islet,  N 
Tower  rks.,  2,  [I  |m.].  S  &  Est 
a  Noir,  (8  2m),  600f ,  S  pt.. 

C.  Gloucester,  W  pt 

C  Inman,  (rk.  ,f-  2m.) 

Dislocation  Harb.,  QB,  (w»p)., 
C.  De*eado,  A,  (rky.  I.  2m.  off) 
C  Pillar,  N  diif......^....... 


BOUTS 


feat  Coast. 


C  Virgins  •••• 

Duneencss  Pt 

C.  Pnes«-ss'on,  Refuge  Beacon 
Direction  Hill  Beacon,  224f.. 
Sjlji  i>YPoiicr,BoAT-Ho.  ItF  26f. 
Port  Famine,  tent  N  side  \ 

Bat / 

C.Frowaro%(Sextr.of  America) 

Port  Gallant,  Cross  Id , 

Mt.  Sarmiento,  7330f„  2  pks, 
Mt  Buckland,  ab.  4000f. .... 

Port  Angosto,  Hoy  Pt , 

Tuesday  B.,  Cascade  It.  ..  . 
Port  Chnrruca,  Diaz  I„  60£ 
Port  Tamar,  MouaU  Id , 


Lat  S     Loa.  W 


56*31' 

55  25 

54  565 

54  423 
54  37 
54  30 
54  5 
53  19 
52  54 
52  44 
52  4* 


52  20-2 
52  24 
52  183 

52  22 

53  9? 
53  382 

5T  54*6 

53  42 

54  28 
54  26 
53  135 

52  5o-2( 

53  14 
52  56-5, 


70  3 

71  29 

7*  557 
73     3 
73     6 

73  3o 

74  19  5 
74  37 
74  45 
74  4* 


Sholl  R.,  Obs.  spot 

Otter  B.,  Obs.  Pt 

Fortune  B.,  Low  L 

Isthmus  B.,  Obs.  Pt 

Columbine  Cove,  islet  

Mayne  Harb.,  head  of  Str.   ... 

Puerto  Bueno,  Obs.  Rock 

Port  Grappler,  Obs.Pt 

Eden  Harb.,  core,  (staff) 

Halt  B.,  Obs.  I 

Island  Harb„  Obs.  I 

Giiaianeco  Is.,  S.  Pedro  I.,  1 
410f. -...J 

Westminster  Hull,[]  m.],l  120f. 
Evangelists,  Sug.  loaf,  360f. ... 
C.  Victory,  or  Narborough.  pt 

Diana  Pk 

C.  Isabel,  A,  1  .(pk.  2m. E),  pt 
Cambridge  I.,  C.  St  Lucia    ... 

Scout  rks.,  lOf.  

Madre  de  Dios  Arvhip.,  W  I 

cliff,  1     / 

C.  Three  Pts.,  Rugged  Hd\,\ 

2000f.,  (rks.  2m.)  / 

Port  Henry,  ffl\  w,  b,  W  head 
Mt.  Corso  f .,  SW  sunt,  (shls.  \ 

5m.),  1420f. / 

C.  Mbntagne,  extr.  of  rocky  spit ! 


52 
52 
52 
52 
51 
51 
50 
49 
49 
48 
48 


44  5, 
225 

I5'l 
9*6, 

53'3 
185 

594! 

11 


47  44 

5238 
52  24 
52  16 
52  8 
51  50 
5*  3o 
50  49 

50  36 

50    14 

50    o 

49  464 

49  ii'5 


68  217 
68*5  7 
68567 

69  30 

70  54 

70  56-5 

71  185 

7i  597 
70  525 
7o  237 

73  22  5 

74  29  5 
73  56 
73  46  5 

73  53 
73  40 
73  4i 
73  36*5 

73  4i  5 

74  4 
74  "7 
74  17*5 
74  252 
74  21 
74  36  2 

74  52*5 


74  22 

75  4 
74  55 

74  48*5 

75  11 
75  22 
75  40 

75  32 


TABLE   10 


GL'9 


MARITIME  POSITIONS 


(171) 


Places 


Parallel  Pk.,  2m.  inland,  280O£ 

Dundee  rk.t  45f. 

Port  Sta.  Barliara.  ffl,  W  head 
Guaianeco  Is.,  Byron  I.,  W  pt 

C.  Machado,  *,,  (rks.  2m.)0 
Purcel!  I.,  [2m.],  tf ,  SW  rk.Q 
Port  Otway,  BB,  S  emr..  sura. 
C.  Tres  Moutes,  1,  1300f.,  pt. 

C.  Ra|>er.  rk.  close 

C.  Gallegos,  T   ......... 

San  Estevan,  port,  w,  9  ,  «•  ntrM 

Hellyer^.t[lm.]    

C.  Taytao,  2850fM  ±,«  Ira  ,\ 

Wpt / 

Huamblin  I.,  700f.,  NS  3  L,\ 

t.Whd / 

Ypun,  or  Narborough  L,  %  1 
k    l 


Lat.  S 


(Scotch well    Harh.,  J 

t  w\  S,  or  John   Pt  I 

iw,  BB,w"',b,f,  Hua-\ 

I.,%2m.,Spt  .../ 


9m.,  (Scotch well 

SE,b, 
Port  Low, 

canec 
Huafo  I.,  %  13m..  ^_^,  *,\ 

NW  pt,  800f.,  (rks.  3m.)./ 
Chiloe  I..  NS  32  L,  W  pt, 

C  Qnilan,  * 

—  Corona  Hd.,  It  F,  Fl.  224f. 

—  C.  Matalqiii   

Huechucncuv  Hd. 

O'rcohado  Vole.,  7500f. 
Chayapirvn  Vole,  8000f.,  som. 

C.  Qnedal,  T 

Pt  Galera,  W  pt,  It  F,  Fl.  \ 

180f.    / 

Gonzales  Hd.,  N  pitch 

Fort  Corral 

Valdma,    ffl,  Niebla  bluff,  \ 

It  FWlf.    / 

Mocha  I.,  %  7m.,  (rks.  3m.^ 

*,-fand-U,.r0,b,w'"), 
sum.,  1250f. J 

Tucapel  Hd.,(R.  Lettbu,  Ed.) 

Lota  Point,  It  R  I80f. 


Sta.  Maria  I.,  NS  6in.,  AM 

(rks.i(-lL,  w',b,r),ltFl. 

258f.    J 

Araucojfort    

Paps  of  Bio  Bio,  800f„  SW  \ 

sum f . 

Conception,  ffl,  Ciiy,  mid.  at  \ 

river / 

Tulcahuano.  w.  r,  b,,  Quiri-5 

quinal.,  It  R213f.     J 

Pt  Carransa.  rks 

Rtr.  Maale,  Church  rkM  (bar  \ 

*l|m.),« / 

Bocalemo  Hd.,  (Rapel  shUI 

+  *m.)  / 

Algarroba  Pt 

Caraumilla  Pt,  rk 

Bell  of  QuilloU,  6200f.,  7  \.\ 

inland / 

Aconcagua, 23, 080 f.,  25  L  in-  \ 

land / 

Valparaiso,    BB,    QJ,         \ 

Excuanob  Cupola   / 

Fort  St.  Antonio,  site  of... 


48*46' 

48    5  5 

48    2 

47  46 

47  265 
46  55 
46  49  5 
46  59 
46  49 
46  35 
46  18 
46    4 

45  53 
44  49 


Lon.  W 


44  40*7 

43  485 
43  36 

43  n 

4i  47 

42  11 

41  46 

43  "3 

42  48 

41     3 

40     2 

39  5' 
39  52*9 

39  52 
38  23 

37  36 
37    5 

36  59 

37  15 
3648 

36  495 

3636 
35  37 
35  197 

33  52 
33  26 
33  6 
32  57  2 

32  38-5 

33  21 
33    19 


75°3«' 
75  37*5 
75  25 
75  20 

74  29 

74  39 

75  16 
75  26 
75  375 
75  35 
75  9 
75  1 1"5 

75  5*5 
75  12 

74  457 

73  595 

74  46 
74  23 

73  52 

74  11 
74  o 
72  457 

72  31  5 

73  577 

73  437 
73  267 
73  26 

73  24 

73  55  7 

73  387 
73  H 

73  32 

73  «9 
73  117 

73    22 

73    3 

72  387 
72  262 

7i  497 

7i  427 
71  447 
71    62 

69  577 

71  38-5 
7i  385 


072) 


Placet 


Horcon  B.,  (  *  %w',  r,b),  lid., 
(rks.  ljm.) ^ 

Papado  B.,  Gobernador  Mt .'. 

Pichidanque  B.,  $g,  Locos  I... 

Mt  Talinay,  2300f.   

Pt.  Lcnguade  Vaca,(B.  E-d.  $  ) 

Ilerradura  de  Coquimbo,  ffl,  \ 
wo*  °o»  SW  corner j 

Coquimbo,  EK^.B.r.USifcO 
nal-hill),  Turtuga  Pt.,  It  J 
F,  Fl.98f.   f. J 

Paj*ros  Islets,  2,  %  3,,,  n  I 
&  Wone / 

Chaneral  I.,  [2m.] 

Huasco  Port,  $ ,,  w'",  pier  It. 

Herradura  Pt,  $,  (.',  w0   .... 

Copiapo.  *  „!.,»  w0,r0.  b0,  hv.d  pi 


Morro  Pt 

Pun  Caldera,  W  hd.,  It  F,l 

Fl.  I21f. j 

Flainenc",  port  S  head 

Balleua  Pt,  rks 

Grande  Pt,  A,  ^.  E,  Wsum. ) 

1572f. / 

Paposo  Till.,  w,  b,  White  Hd... 

Jara  Hd.,  l,w  N 

Antofacasta,  Custom  ho.,  It  1 

F30f.  / 

Mt.   Moreno,  (Jor^e,  o\d),\ 

4l60f.,  *0  / 

— Constitution  Rl.,  [  $  '],*vQ.bc 

Leading  bluff,  i>let  off  

Mt  Mexillones,  2560f ,  (3m.  \ 

inland) f 

Cobija  B„  w\  r,  fl.  »t,  I     

Pk.,3330f. 

C.  St  Francisco,  or  Puquiqui . 
Arena  Pt,  4  $  ro 


Lat  8     Lon.  W 


32°4*'5 

32  3» 

32    79| 
30  5i 
30  14 
29  587 


R.  Los,  |0,  w„,  and  Gullcy  .., 
Chipana  B.,  $',tail  of  pt,  |j.< 
Lobo,  or  Blanco  Pt,  A,  J.  #   ... 

Carrasco  Mt,  652  J  t\ 

GruesoPt., /,  l,  j, 

Iquique,  w,  IdMlt.  F.F1. 96t... 

Pichalo  Pt,  projecting , 

Pisagua,  Gulley  and  R.,  fl0  w„ . . 

C.  Lobos 

Ahica,  w'",  r.lBON  Church  1 
(Inglena  Matrix) J 


Mount  Sahama,  22,350f 

Monro  of  Sama,  3890f. 

Coles  Pt,  /,  sandy,  (shls.  Jra.) 

Ylo,  ^r,  B,  rivul.  mo. 

Pt.  Mexico,  /,  %   , 

Islay,  port  of  Arequipa,  Cus- 1 

torn  ho.  j 

Arequipa    , 

Mount  Misti,  20,320f. , 

Cornejo  Pt    , 

Quilca,  [lt  b  ,  Cove,  W  hd.  ... 
Mt  Camana,  (Mt.  like  a  fort) 
PescadopesPt.,  *0,(iSSlm.) 
PL  Lomas,  *%,  wot  rc,  fl.st. 


29  57 

29  33 
29  1 
28  25 
28  6 
27  195 
27  7 

27  3 

26  34 
*i  49 

25  7 
25  2 
23  53 

23  39 

23  285 
23  267 
23  1 
23  65 

22  34 
22  32 
21  56 
21  39 


7ip3<>'7 
71  287 
7i  327 
7i  387 
7i  387 
71  227 

71  21 

7i  35- 

7i  37 

71  16 

7i  13 

70  59 

7o  59 

7o  53 

70  45 
7048 

7o  31 

7o  30 
70  33 
70  25 

7o  35*2 

7o  375 
70  32 

70  32 
70  18 
70  15 
70  12 
70  10 


28   70  3 

230  70  8 

5  J  70  13 

585  70  7 


23 


125  70  1 15 


37 
34 
45 

287 


18  o 
17  59 
17  42 
>7  37 
17  11 

17  o 

16  29 
16  20 
16  52 
16  42*  3 
16  37 
16  24 
15  33*2 


70  13 


70  16 
70  14 
70  24 

70  20 


68  48 

70  53 
7i  23 

71  21 
7i  49 
72 


7*2 


7i  32 

71  22 

72  10 
72  28 

72  42 

73  18 

74  52 


•80 


TABLB  10 


MARITIME  POSITIONS 


(ITS) 


Placet 


LatS 


Mount  Illimani,  21, 200f.  

Mount  Sornta,  21.520f. 

Port  San  Juan,  ffl,w0,  b0,  P0... 

Bewuv  Pt,*,! 

Pt  Nasca,  1,  !010f. 

Meat  (Table)  de  Dona  Mar  a.. 

rnfiernilU)  rk.f  5i»f,  80    

Mt  Quemado,  f070f ,  $  

Vi*.jaI.,*3|nt,*NE,|/E,l 

Not    / 

Canvtai  Hd\,8  pt...... 

Sangallan  L,  \  *!«-  A,  i,\ 

N  tarn / 

Pisco,  (f,  w#,  8  2m.  of  PaO 

raoca  rilL).  r.  d,  pier  It  Fj 
Chincba  Is.,  -*  Sm..  N  pt    ... 

Ccrro  Axul  U  ,  *,  1    

A*ia  *.,[,.  j,rka..pk.f  L'E 
Chilca  Pt,  1,  sura.  300f. 

—  Port,  t'»  ffl."** 

Pacliacamac  In  ,  ^  1  L,400f^  ^ 

•0W-d\,  None  / 

Morro  8olar  (Bay,  $  9\  860f.. 
Caixao,  San  Loruni  >  I.,  *fc  1 

4jm„     1284f.,    C.     8t. 

Lorknzo,  It  F  980f. I 

—  B » Qfl«  r»  w»  ^t  Arsenal,  fl.  it. 
Lima    Cathedral,  South) 

Tower    ( 

Hormigas  ££&,  [l$m.],25f.,i 

T»  S  one / 

Pescador  la.,  T,  *Q»  knre 

Salinas  Hi U,(Haurm  I8.  SW-d.) 

Pclado  rju  anaall    

Hoaclio  a,  $ '  1,  |/,  r«  w,h,  pt 
Sup*  Bn  * ',  r,  w,  rill.,  W  pt. 

Darwin  Pk.,  &800f. 

Guarmey  B.,  $ ',  ww^  r,  *>' 

Legarto  Hd.,  1 

Culehras  Pt,  *  N 

Mt  Mougon,*,  W  sum.  3900f. 


Samanco  Bn  (.',  #',  r,  ft,  huts. 
Mt  Division,  8  pks.,  188011  ... 

rYrrol  B„  w-  N  pt  

Santa  l.,[l$m.],*'NE,L'w,r 

Santa  B.,  t  I,  wat  pi 

Chao  I*.,  large,  [Jm.],  120f... 
Guafiape  Hill,ab.  7001'.,  (Is.\ 

^8«n.)  ../ 

Huanehaco  Road,  to*  r»  w»  Ch. 
Truxillo,(l  im.  inland X  wQ,  r,  I 

Cb i 

Pacasmayo  Pi.,  * ,  (.„  w,  r,  b,  \ 

moleltF65f. / 

Mt  SultTan,  5<)00f. ,  1 7m.  inland 
Eteu  Hill,  640f„  mole  It  F  65f. 
Lambayeqoe  Rd.,  *  *,  1*1  n 

"o^,b0  /u 

LoIkm  de  Afuera  la.,  NS  3m.,*} 

ab.  100f.,  ♦  <„  w0,  bot  *„  } 

Chichal  de  Afuera J 

Lobo8deTierra,NS2L,*-(4,\ 

»Pt / 

Agnja  Pt,  1,  150f.  

l*iura  R.,  $ ',  Sechura  Church 
ISaddleof  Payta,  1300t 


6°38' 


W 


SO 
20*9 

9 
57 
41 
40 
ao 

"S 

11 

50 
45 

J 
3t 
293 

2  18 
2  11 

2    4 


67°49# 
68  30 

75  *3 
75  2J 
75  3* 
75  5i 

75  547 

76  77 

76  137 
76  167 
76287 

76  10 

76  24  7 
76  307 

76  3*7 
76  50 

76  49*5 

76  557 

77  37 

77  157 


2    40  77  io*5 


2    31 

1  58 
l  47 

\\l 

I     9 

o  497 
30 
6 


58 
38 

23 

156 

II 

7 

2 
o 


8  46 
827 
8  5 
8    75 

7  24 

7  17 
6565 
6  46 

«54 


77    o 

77  46 

77  16 
77  36 
77  49 
77  37 
77  44 

77  40 

78  9 
78  10 
78  12 
78  18 
78  22 
78  29 
78  34 
7836 
78  39 
7838 
78  45 

78  53 

79  5 

79    o 


79  33 

79  17 
79  5* 

79  56 


8041a 


6  28 3  80 

5  55      81 
5  35 
5  12 


502  j| 

6 

467 
5'S 


074) 


Placet 


pATTA,  CaTHBDBAL  ToWRR  .. 

ParinaPt,  1,  80f.  

C.  Blanco,  A,  1 ,  I0    

Malpek>  Pt,  I,  t 


Sta.  Clara  L,[ Urn. labia.,  It. ) 
F.F1.25W f 

Puna  I.„p  9  »..  Pr.  Kapinola,  1 
Consulate,  It.  F  131f. J 

Guayaquil,  w,  r.  b,  Arsenal  ... 

Mount  Chimboraro,  20,49Sf..., 

St.  Elena  Pt.,  It.  F,  Fl.  470f... 

8alango  L,  [lm.J.w.  |0  & 

PUUI^  ^8m.,  790f.,H.  F.. 

C.  SULorenxn    

ManU,  It  F  88f.    

Moant  Cotopaxi,  19,6l3f. 

Quito,  9t843f. 

C  Paatado .••..... 


Galera  Pt 

Atacamet,  torn,  w,  (tbla.) 
K^meralda  R^Coquito  l*t,  It  F 

Pt.  Mangle* , 

Tumaco  Rd*  Morro  Chieo 

OO&OMBtaV. 

Pt.  Guaacama 

T.  Gorgoot,/  5m.,  1296fn  N  pt 

Pt.  Chirambira  < 

C.  Corrientea ■ 

C  Francisco  de  Solano ■ 

Pt  Caracoles - 


Pt  Guaracbina,(Saidel  entr 

G.St  Michael) 

L  Rey,  \  5  1.,  Pt  Cocoa  ... 

I.  St  Joae,  [2  1.],  S  pt 

Pahaha,  ffl.NK  baat 

Tub.**  I.,  [2m.l,  vUL  -^,  w... 

Oioque  Is.,  \  2|nt,  pk. 

Pt  Chame  

Pt  Mala , 

Point  Puercoa 


Al,  AMMRIOA. 

Hicaron  I.,  (Qukara).  (and^l 
islet  S),  NS  6m.,  S  islet     / 
Quiho  I.,  %  7  L,  Adelarda  l*t . 
Momuosa  I.,  [Jm.] 


Babia  Honda,  S,  w,  Senti-1 
nela  I.,  at  emr.,(w-f  2m.)j 

Magi  etic    It,   (oft*   Port^ 
NueTo,  ffl),  [4c]  /  * 

Pt  Burica.  Id.  off ........... 

Vinda  rock •*.—. 


Lad  rone*  Is.   

G.  of  Dulce,  C.  Matapalo,\ 

(rks.  off) / 

Cafto  L,  [lm.],404f.,(w'"  -^  \ 

Urn)  J 

Nicoya  G.,  Puntaa  Arenas  1 

Harb.,  B*  ▼•  r.  P*n  de  \ 

Azucar J 

C.  Blanco,  -*,   t>  (islet  S,\ 

lim.,  J).  I93f. J 

Guinonos  Point,  (reef  oft")    ... 


Lat. 

South 
5°  5' 

4  41 

4  IS 
3  3« 

3  >i 

2  475 

2 
1 
2 
1 
1 
1 
o 
o 
o 
o 


12-4 
30 

II 

36 

17 

3 

5**i 

43 

14 

215 
Nona 
o  50 

0  53 

1  o 

1  35 

I  49-6 


37 

00 

17 
29 
17 

40 


8    6 

813 
8  12 
8  57'2 
8  473 
8  35-6 
8  39 
7  28 
7  *4 


r  12 

7  31 
7  ** 

7  435 

8    5 


23 
6 


7  5* 

8  23 

843 

9  55*8 

93* 

9  54 


si°  r* 

81  19 
81  14 
80  28-2 


80  24-5 

79  54 

79  5*-4 
78  47 

80  59 
80  32 

V     3 
80  5S 

80  42-7 

78  18 

78  22 
80  29-7 

80    s 

79  53 

79  4«  5 

2   5 
78  445 


78  24 

78  10 
77  29 
77  3« 

77  27 

78  16 

78  217 

78  54 

79  7 
79  $* 
79  32? 
79  35 
79  41 

79  58 

80  26 


81  47  7 
81  53 

Sz   15 
81  32 

81  49 

82  535 
82  10 

82  26 

83  17 

83  53  * 

84  52 

85  7 
85  41  I 


TABLE  10 


m 


MARITIME  POSITIONS 


(175) 


Places 


C  Veto! 

Culebni,  ffl,  eutr.  S>  Viru-1 

d -re*  Is / 

St.  Elena  Pt 

Salinas  B.,  Salinas  It.,  [3c.]  .. 
Port  StJuan,S  bluff,  It.  F490f. 


C.  Desolado    

Kralcjo.S,r,b, Cardon  I.,  \  \ 

*m.,Npr.,(w  lm.),lt.F64t.J 

Volcan  Viejo,  56701*. 

Pt  Con«egtfiiia,  (Volcano,! 

2830f.,-p.3l.) / 

O.  ofCoiichsgua,orFon-ecat  i 

Port  de  la  Union,  9,  w'f  r,  J 

Chicarena  Pt. J 

8.  Miguel,  ?ol.,  7134f.  

Libkktad.  L,,  r,  Pier  Hd.  It.  F 
Pt  Remedies,  /,  *,(r?.,|-3in.) 
Acajutla,  rilt,  f  nf  |.„lt  F.. 

San    Jose    de   Guatemala,  \ 

Custom  ho..  It.  F  / 

Acntcnango  Volcano,  12,890f. 
Mount  Tttcana,  M.OoOf. 


VOUTK  AM11IOA. 
SSBX1CO.     West  Cams*. 

TonalaBar 

St.  Franc,  de  Tehuantepec,  bar 

Salina  Cruz,  Motto,  2441*. 

Port  Guatulco,  rky.  islets 

Oalera  Point 

Acapulco,ffl,w\r,FonSt) 

Diego.  H /® 

Pt  Team-pa   

Morro  Petatlan,  640f. 

Port  Sihuatenejo,  NW  bight... 
Istapa,  or  Isla  Grande  B. ...... 

Mangrove  bluff,  35f. 

Tejnpan  Papa,  5660f. 

Colima  Volcano,  12,000f. 

Mansanilla  B.,  $ \  w„  Tillage* 
Port  Navidad,  S  head,  705fc... 

Pt  Farallones,  (rks.  off) 

C.  Corrientes,  flat,  tf ,  506f. ... 

Corventa  rlt,  25f. 

Tres  Marias  Is.,S  Juauito,150f. 
Mt  St .  Juan,  7550f.,  5  1.  inland 
San  Bias,  w,,  r,  r,  Arsenal... 
Isabel  I.,  w0,  h0,  pk.  280f.... 

Cliamatlali.,  W  ent.  pt 

Mazatlau,  w„  Cust  ho. 


Culiacan  R.,  Altata  Railway  1 

Station J 

I.  St  Ignacio,  [Ira],  1,  465f. 
Esterro  dc  Ajiabampo,  bar 
Pt  Rosa 


$   LobosI./[*5V.],,75f!i'sWpt!l! 


Guajmas,  Q,  w'  w0,  fort 
C.  Haro,  ItF.Fl.  346f. 
Tetas  <le  Cabra,  1633f. 
1.  St  Pedro  Nalasco,  1071f.... 
Tiburon  L,  [9  1.],  Willard  \ 

Pt,  345f. / 

V  Tcpea  


Lat  N 


IO°2l'5 

1035 

«o  53*5 
II     28 


LoitW 


85°  53' 

»5  43*2 

85  58 

,  f5  «*5 
»  15'*  85  535 


11  59 

12  27  9 

13  41 

12  585 

13  171 

13  255 
13  23-8 

13  30 
13  344 

13  553 

14  29 

15  85 


59 
13 

98 
44*4 
57*6 

508 

16 


403 
55*5 
24 
25 


86  42 

87  127 
87  1-5 
87  35 

87  47 

SS  18 
89  19  ? 
8948 

89  y>7 

90497 

90  53*5 
92    7 


93  58 

94  45 

95  12-5 

96  82 

97  41*5 
99  55? 

101    4-5 
315  101  27 
380)101     33 

101  40 

102  12 

103  11 

103  33 
32104  197 
11  1 104  43 
235105  3 
24 
45 
43 
26 

32-5 


105  42  5 

105  51 

106  41 

104  585 

105  19 
52  1 105  53'5 
47*5  106  2 
117106  272 


24  377 

25  26 

26  163 

26  40 

27  21 
27  55*4 

27  505 

28  1 

27  58 

28  51 
30  16 


107  56 

109  24? 
109  17? 
109  407 
no  38 
no  55 
no  547 
in    5 
in  24 

!I2  36 
112  52 


(176) 


Places 


j 


Rocky  Bluff.  408f. 

Colorado  R.,  Port  Isabel  beacon 

San  Felipe  Pt.,  940f. 

Guardia    L.  %   13  L,  Pt  \ 

Refugio  — / 

Sta.  Teresa  B.,  N  pt 

I.  Tortuga,  [2m.],  101 6f. 

Sta.  Inex  Pt  

Mulege,  t  

Udefonso  I.,  [lm.],  387  f. 

La  Giganta  Pk.,  5794f. 

Loreto , 

Carmen  L,  1572f.,  #  4  L,\ 

Salinas  B J 

Catalina  I.,  [7m.].  1548f.,  pt... 
Sta.  Crus  I.,  [9m.],  pk.,  1500f 
San  Jose  I..  %  6  1.,  2077&,  \ 

Amortajada  R.,  N  |»t    .../ 
Espirim  Santo    L,  **4  l.tl 

Lupona  Ft..... J 

XaPhx 

Cerralbo  I„  %  5  L,  2477f.,\ 

Montana  ruck .....J 

Pi.  Arenas 

San  Jose,  Mission,  r,  w"" 
C.  St  Lucas,  rks.,  A,  t  * 

TiU.-f),25U... 


Majplalena  B.,  ffl ,  Custom  ha  It 
C  St.  Lazaro,  Mt  13U0f. 

San  Juan ico  Pt , 

Pt  Abreojos 

1.  Asuncion,  lOOf. . 

Port  St.  Bartholomew,  N  hd. 
I.  Cerros,  9955£,  MS  8  I. 

Morro  Redondo 

Is.  San  Benito,  W  one,  650f... 

Playa  Maria  B 

I.San  Geronimo.[l  L],  172C0 
St  Qtiintin,  ffl,  Sextant  Pt  ... 

C.  Colnttt,  SW  pt.,  4(K)f. 

Todos  Santos  Bay,  EnsenO 

eda  Pt,  370f. 

Coronados  rks.,  %  5m.,  S  isl, 

674fc     


y 


otutbd  status.  , 
California, 

Boundary  Obelisk 

St.  Diego,  SB,  w,  Pt  Loma,^ 

ItFl.  462f. / 

St.  Juan  B.,  X  t  «,  L  #«  ou,er  rk- 
St.PedroB  .fflJ.w.rJtM.  156f. 

Cortex  Bank,  *>  , 

St.  Clemeute  I,  *fe  [6  L.I,  SB* 
Sta.  Catalina  I.,  %  [6  I.],i 

RaperB.,  Barracks j 

St  Nicolas  I.,  %  6m..  Job*  1 

Begg  rk„  [2c],  NW-d....  f 

Sta.  Barbara  I.,  [2m.]  

Sta.  Crus  I.,  [7  1.],  Anacapa\ 

B„  Obsenr.  Pt / 

Sts.  Rosa  I.,  [3  l.],Bocher\ 

B.  Obserr.Pt / 

San  Miguel  I.,  Cuyler  Hr., 

Prince  I 


LatN 


3I°20* 

31  46 
3i    2 

29  33*i 
28  25 
27  26 
27  3 
26  53*5 
26  37 
26  6 
26    05 

25  595 

25  42 
25  16 

24  545 

24  24*2 

24  10 

24    8 


24 
23 


4 
35 


22  53 

24  383 
24  47 
26    2 

26  42 

27  6 

27  39*8 

28  13 
28  18 
28  55 
2948 
30  22 

30  57 

31  5i 

32  239 


Lon.W 


itSV 

114  42 

i«4  49$ 

i«3  35? 

112  51 

in  53 
in  56 

"i  575 
in  26 

»  35 
in  205 

in    7 

no  47 

1043 

no  387 

no  20-5 

no  20 

10947 

109  49 
109  41  7 

109  53 


112    87 
112  175 
112  175 
»3  33 
114  177 

114  52 

115  n 

"5  36 
"4  32 

•5  477 
"5  59 

116  195 

»7  37  2 

117  14 


32  32    n 

32  402 1 1 

33  269,117  46 
33  432 118  17 


7    7-5 

7  H7 


32  26 

32  49 

33  26 


119    6 

118  25-2 

118  297 


^  217  119  41  7 

33  285  119    2? 

34  16 1 19  32 


34    l 
34    33; 


120    27 
120  20 


ft» 


TABLE  10 


MARITIME  POSITIONS 


077) 


Place* 


* 


! 


.r 


I 


8t  Barbara,  It.  F  I80f. 

Ft.  Conception,  It.  K.  I35f.   ... 

PL  Arguilla   

San  Luis  OMs)hS  Whaler  I  ... 

PL  Finos,  T,  It.  F  9  If. 

Monterey.  w,Wo,  j,  \}f  fort 

Pr.  Ano  Nui'TO  

Farailones  rks^  [Ira.],  plt,\ 

It  PI.  360f. / 

St.  Fbaxcisoo,  Fort  Pt.,  1l  \ 

F  U^Sside,  entr.  / 

ML  Bolbonet,  37G5f.,  10  1.  iitl. 
Pt  de  lot  Rryes,  lL  FL  296f... 
C.  Bodega,  (Rust,  Sior,  w)  ... 

It  Arena.  It  F  I56f. 

a  Mendocino,  lL  Fl.  423f.  ... 

Humboldt  B.,  It  F  53f. 

Crescent  Cii  y,  PL  St.  George,  1 

lL  Fl.  80f.    ( 

C.  Orford,  lL  F  256C    ... 

C.  Gregory,  Empire  City,  \ 

It  F,FL75f. J 

C.  Perpetaa 

Yaouina  H<L,  It.  F  6If. 

C.  Look-oat    , 

Columbia  R»  Fort  Astoria  ... 
—  C.  Disappointment,  It  F  I 

*32fc    / 


N 


Shoalwater  B.,  Toke  Pt.,  It  1 

F.  FL85f.   / 

Gray's  Harb.,    03,  bar,  Pl  1 

Brown / 

PL  Grenrille 

Destruction  L,rf.  W  2jin 

FlNttery  rks.   

C.  Flatrery,  Tatouch  L,  It  \ 

Fl62f. j 

Neeah  B.f  Wyadda  L,  SW  pt. 
New  Dungenets  PL,  It  F  lOOf. 

Pi**  Discovery  

Whidbey  L,  Admiralty  Hd.,\ 

ltFU9f.    / 

Admiralty      Inlet,      Foul- 1 

weather  Bluff J 

—  Seattle  Town 

—  Hood  Canal,  Union  City ... 
Pug?t  Sound,  Nfcqually    

—  Oiympia  Town 

Smith,  or  Blunt  L,  lL  Fl.  90f. 

Mount  Baker,  10,694f.  

Semiahmoo  Bay 


iBxnii  cox. 

Robertt  PL,  W  side 

Frater  Hirer,  It  F  52f. 

—  Garry  PL  

—  New  Westm.,MiliLBarr... 
Burrard  Inlet  Atkinson  Pt.,  I 

lL  Her.  119f  / 

—  City  of  Vancouver,  Cana- 1 
dian  and  Pacific  Railway  > 
Wharf ../ 

Bowen  I.,  Roger  Curtis  C 

Howe  Sound,  Plumper  Cove... 
Texada  I.,  PL  Upwood 


34°*3'7 

34  266 
3*  35 

35  95 
3*  37*9 
3©  36'4 
37    ©7 

S7  41*8 


LonW 


i20°43'? 
120  28 
120  39 

120  45 

121  56 

121  53 

122  20 

123  o 


37  485  122  28 7 

37  529  121  54  5 

37  59^1*3    1 -a 

38  177,123  45 
3*  575;i23  44*2 
40  263124  245 


40  46 

41  446 

42  50-1 


124  13-2 
12;  it 

<24  337 

43  206J124  232 

44  18     124    67 
44  406124    47 

07 


45  20 

46  11 

46  165 


124 
123  50 

124 


46  43 

46  562  1 

47  1831 

47  405  1 

48  103  1 

48  23  2 

48  225 
48  II 
48    55 
48    94 


32 


124    4'5 


47  5o-3 

47  36 
47  21 

47  7 

4J    3 

48  19 

48  49 

49  © 


49    O 
49    37 
49    7  1 
49  13 

49  20 


49  17 

49  *>'3 
49  *4* 
49  297 


24    8 

24  16-5 
24  285 
24  46 

24  44\7 
24  362 
23    6 
22  54  5 
22  39*5 


122  37-2 
122  21 

«3  7 
122  40 
122  55 
122  515 

121  46 

122  455 


123  55 
23  17-0 

123  !2t> 

122  545 

123  16 

123  $ 

23  26'2 

123  292 

124  8? 


(178) 


Placet 


Texada,  Marshall  PL. 

Jervis  Inlet,  Hardy  I,SW  end 

Mystery  Rock    

Hernando  I..  S  pt 

Mittleiatch  I.,  200f.  

Vaklex  L,  C.  Madge 

Thurlow  In  Knox  B.    

Port  Neville,  Robber*!  Nob.... 
Port  Harvey,  tide  pole  iilet  • 
Wells  fiats,  Tracey  Hb  ,Star rk 

Bluuden  Harb.,  Byrnes  I 

SUnjrsby  Cban„  Dalkeith  Pt... 
C.  Caution  .... 


La*.  N     L0B.W 


Fort  San  Juan,  pinnacle  rk.,  1 
N  side  of  Bay / 

Sooke  Inlet,  Secretary  L  

Race  I.,  It  Fl.  lmf. 

EeauiiiJWLT  H.,  B»  w,  r,  1H,1 
Duntxjc  Head  / 

Victoria  Harb.,  Laurel  Pt     .. 

Nanaimo  Hb,,  l>r.  Benson's  ho. 

Nanoosc  Harlx,  entrance  rk.... 

Baynes  Sd..  Henry  R,  Beak  Pt 

Seymour  Narrows,  Plumper  \ 

BnWpt f 

Albert  B.,  Cormorant  I.,  bluff 
Bearer  Harb.,  shell  islet  .. 
P.  Alexander,  Golt-tas  ChnM  ^ 
islet  in  centre  of  the  port  J 
Bull  Hb.,  Hope  I.,  N  pt.  I. id.  Is. 

C.  Scott,  500fc,  sum.  of  cape 
T.  iangle  L.  680f.,  Scott  Is., Wpt. 

C.  Russell,  8  

C.  Paltnerston,  8 

Quarsino  Sd.,  euL,  mt  1 275f„  I 

—  Observatory  rk„  N  harb.  ... 

—  Obserr.  I-  fcoprino  Harb... 

—  Kitten  I.,  Hecate  Core   ... 

—  Reef  PL 

Clerke  reefs,  W  extreme 

iX    Cook,   or  Woody.  PL,  1 

Solander  I J 

Nasparti  Inlet,  Head  beach... 

Sulivan  reefs 

Lookout  I.,  ft,  W  extreme 

Ninety -eight- feet  IaUnd 

Kyuquot  Sound,  Shingle  PL,  "I 

entof  Narrowgut  Creek./ 

Thirty- feet  Island 

Totchu  Pt„8 

Esperanza  Inlet,  Obaer.  rk.,1 

Queen's  Core / 

Nuchatlits  Iil,  Port  Lang-1 

ford,  Colwood  L ...  J 

Ferrer  PL  •.••••*••••••••.*«•.*••. 

Bajo  Pt,  rf.  3m. 

Nootka  Sound,  Friendly  Cot© 
Erevan  Pl*  S  extr.,  r£  2m. ... 
Hesquiat  Harb.,  Boat  Cove,  1 

leading  ML  2726L / 

Refuge  Cove,  viL  on  W  side... 

Floras  L,  summit  SOOOf.  

Sea  Otter  rk-  el  

Clayoquot  Sound,  Oba. 

Hecate  B 


Jr} 


49°*«'oi24*4or 
49  43"7JI24  U- 
49  S+'&1**+  46 

49  5*     1**4  02 

49  57     /125      15 

50  oryl  w  25   10-4 
50  24 -2.125  39 
50  311/126     4^3 
50  34    I126   167 
50  51     I126  53^ 

50  54  4ji^7    19 

51  4*7f**7  40 
"7  4« 

«rsl 

!i*3  42-7J 
17*7  i*3  32**I 
258.123  36-7  J 

25-4123   «3     . 
IO-2, 123   56  6  J 

I5-7'I24      8    f 
36-5:124  51-2 

100.125  2*'S\ 

35T>i26  57-5  j 
42-6  127  25 


50*8 
54-8 


5041 

5<>36  5 
50  275 
50  29  4 
5<>30 


127  40 

127  56 

128  267 


50467 
5051-9129    c>5 


128  235 
28  19 
128    37 
128    3-7 
127  52*2 


50  324  127  36 » 
50  213 
50  123 

65 


5« 

50  11  3 

50  45 
50    0*0 

49  477 

49  59*9 

49  55  2 
49  512 

49  527 

49  47*3 

49  447 
49  37  5 
49  355 

40  22*1 

49  275 
49  208 
49  182 
49  ii"5 
49  154 


128  o 
«27  55 
127  57-2 


127  38 
127  41 
127  265 
127  21 7 

127  95 

127  16 
127  9-5 

127  o 

12657 

126  597 
126  507 

126  37  5 
126  325 

126  25*5 

126  167 
126  9 
126  85 

125  562 
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MARITIME  POSITIONS 


079> 


Places 


Lat.  N 


Lou.  W 


Gowlland  rks  ,  10  to  15t 49°  3'6l25°5l'7 

Barclay  Sound,  Obs.  I.,  A\-\  |  ^_  .„.o'     ,  r^.^ 
berni   Can.,  Stamp  Harb. /, **  '^"H  5<>o 

—  Oh*err.  L,  Island  Harb....1  48  547  125  17 

—  Danger  rk '48  492125  18*5 

—  Cape  Beale,  It.  FL  16 if.   ...' 48  47*4' "5  "3 


>3 

II 


Virgin  rks.,  50f.     ' 

Pearl  rks.,  I5f.  

Dalkeith  Pt    e 

Safety  Cove    0 

Goldstreum  Harb ...© 

Namu  Harb.  

Iiooglilin  Harb.  

Kynumpt  Harb 

C   Swaine  O 

Carter  Bay 

Holmes  Bay   

Stewart  Anchorage   

Alpha  Bay ' 

C.  Ibbctson O 

Duncan  Bay, Observatory  Pt.... 
P.  Simpson  Fort 


17 
22 

47 


128  13 
128  2 
127  40 


51  3I7»27  565 
51  4.r3,,2S    °S 

51  51 7127  525 

52  86:128  IO-2 

51  12  3*128  11*5 

52  18   I128  32 

52  497  128  245 

53  164 129    52 
53  52  5  '30    52 


53  52 

54  " 
54  202 


30  1 75 
130  36 
130  275 


54  33 5  "3°  262 


Queen  Charlotte's  Is..  ^")      | 

55  l.,S  pt  C  St  James,  \  O  51 

(rks.  -fc  lOOOf.) J      ( 

—  C.  Henry   O  52  55'5  "32  21 


55 


131 


—  Skidegate  L,  Anchor  Coy.  0  53  125 

I    —  Hippa  I.,  [1 1.],  village...  O  53  33 

%    —  Frederick  I O  53  59 

&  —  Pt  North O  54  «5 


Port  Stewart,  §0,  Sst  islet.. 

C.  Chacon  * 

C.  Muxon   

Forrester's  L,NS  4m.,  S  pt(rk  s.) 

C.  Addiogton 

Port  Protection,  ffi,  Pt.  Baker 
Coronation  Is.,  [3  1.],  S  pt... 

Hazy  Is. 

C  Ommanney    

Sitka,  SB,  Arsenal  It  F  

C.  Edgecumbe,  2855f.  

C  Cross,  rks. 

C  Spencer,  rks. 

C.  Fairweather  

Mu  Fairweather,  15,500f. 

Port  Mulgrave,  ffl,  Pt  Turner 
Pt.  Manby 


132  142 

132  58 

133  9 
U2  56 


55  38*3 
54  41 
54  40 

54  48 

55  27 

56  205 
55  50 

55  54 

56  10 

57  2-9 
57    o 

57  $6 

58  13 
58  51 

58  58 

59  33  o 
59  45 


Mt  St  Elias,  19,500f. 

C  Suckling 

Kami.,  *5  L,  S   pt,\^ 

CHamond /  e 

Port  Etches,  ffl,  Phipps  Pt.. 

Montague  I.,  S  pt  C.  Clear 

C.  Paget 

PtOore. 


C  Elisabeth,  E  pt    

Anchor  Pt.,  S  hd 

Iliamna  Pk.,  12,066f.,  rol 

Pt  Campbell 

MtSt  Auguatine,(Id.[3l.]),  1 


60 

60 

1 

59 

60 

159 

59 

59 
59 
59 
60 
61 


20 
1 

52 

21-2 
46 
56 
11 

9 
49 

3 

4 


59  22 


131  47 

132  1 

132  41 
33  35 

"33  52 

133  39 

134  12 
134  32 

134  37 
"35  "97 

135  49 
"36  3" 
»3*  35 
"37  50 
"37  27 
"39  43-o 
140  17 

140  58 
"44  "5 
"44  50 
146  50-2 
148  o 
148  30 
"50  5* 
151  42 
151  47 
"53  o 
150    9 

•53  J© 


(180) 


Places 


I 


C.  Douglas,  E  pt 

Barren  Is.,  [5  1.], A,  Ept. 
Pt  Banks   


Kadiak  L,  J*  27  L,  E  pt,  a  \ 

Greville,  or  Tolstoy,  rks.   J 

—  St.  Paul  Harb 

—  Trinity  Is.,  SW  pt  

Chirikoffl.,  [3  l.]t  N  pt 

Shumagin  Is.,  Nagai  I.,  San- 1 

born  Harb J 

Sannakb  I.,  sum.  1850f. 


Unimak  Fass,Ugamok  I.,  S.  pt 
Unalashka,  #  23  i„  u,u.  | 

liuk  Port,  ffl,  church  J  9 
Bogofloffl.,  [2  m.],  no.pk..844f. 
Umnak  I.,  Vsevidoff,  vol.  8000f 
Yunaska  I.,  #  5 1.,  sum.  2864 f. 
Amtikhta  I.,  [2  1  ],  3738f.  ... 
Siguam   I.,   j*  5m.,  2098f.l 

SW  pt } 

AmliaL.EW  12  1,  fQ<&\ 

-f  5m.)  Suchikoff  B. J 

Atka    1,  #  20   I.,    vol.,1 

4988f..  N.iaaii  B.    J  e 

SitcMn  I ,  [2  1.].  A,  vol.,  5083f. 

KanagaI,#9L,Npt   

Tanaga  1.,  EW  11  1„  (w  in 

Bay,     W  <*.),    NW 

7108C 

Gareloi,  or   Burning  I.,  or  \ 

Volcano,  [2  1.],  5334f.  ...  J 
Amatignak  L,  192 If.,  Westpt 

I.  of  Seven  Mountains.  Se- 1 

misopochnoi,  3122f.  [3  If]  J 
Amchitka  I.,  *fe  1 1  L,  Con-  \ 

stantine  Harbour    J  ™ 

Kyska  L,  NS  8  L,  Kyskal 

Harbour / 

Bouldyr  L,  [1  L],  (rks.  El 

6  1),  mid.  1145f.    J 

Agattu,  [4  1],  sum.    O 

Semichi,  2  Is.,  #21.,  Alaid  | 

I.,  818f  / 

Attn,  EW  15  1.,  3084fn  W\ 

pt,C.  Wrangel J 

—  Cbichogoff  Harb. 


w  in] 


Pribeloff  Is.,  St  Paul  I.,  EW  \ 
8L,NEpt,(rfl  E2L).../ 

—  St  George  L,  ^  4  1.,  E  pt 

I.  Amak,  [1  L],  rk.  NW-d. 
Port  Moller,  ffi,  tongue,  S  pt 

C.  Strogonov,  (I.  off) 

Bristol  B.,  C.  Constantine,  \ 
(bks.  S-d.4l) / 

—  Nagnek  R.,SuworoffvilL... 
Hagenmeister  L,  ■#>  6  L,  S  pt 

C.  Newenham 

C  Avinoff,  Anogogmute  .... 
Nunivak  L,  EW  231.,  N  pt, 

C.  Etolin 

I.  St  Mathew,^  10  L,  1500f., 
SE  pt.,  C.  Upright 

—  Hall  L,  I500f,  [2  1.],  N  pt. 


Lat.  N 


58°54' 
5838 


Lon. 


We*t 

1 53° «7' 
151  50 
I  $2  12 


57  37  |"52  o 

57  475  "52  197 
56  23  154  40 

55  56  155  34 
55  8  "("59  58  2 
54  25  3 162  44 
54  12  164  57 
53  502 166  307 
53  575  "67  58 


168  29 

170  47 

171  17 

52  175  "72  36 


53  "5 
52  36 
52  28 


52  2  2  173  22  5 
52  106 174  15 


52  5 
5"  56 

5"  53 


176  8 
"77  5 

178  9 


5"  475  "78  52'5 
179  12 
East 
179  37  5 


51  18 
5"  56 

51   236179   IO-2 


5"  59 « 

52  34 
52  25 
52  45 

52  58 
52  557 

West 
57  "5'2 170    7 


177  292 

"75  45 
173  10 
"73  52 
172  27 
73  "'5 


56  36  7 

55  27 

55  56 

56  52 

5825 

5840 
5f34 
5841 

59  39 

60  27 

60  18 
60  3* 


169  275 

163  3 
160  35 
158  42 

158  44 

"57  3 
160  50 
162  s 
16345 
166  s 


172  4 

173  40 


184 
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(181) 


Placet 


I.  St.  Lawrence,  \  30  h,\ 

NKpt J 

—  West  pt.,  a  Sanachno 

C.  Romantsof,  70f.    

Mouth  of  Yukon  B 

1.  8tnart.  [3  I.] 

St  Mich  .el,  fort    

C.  Darbr 

Sledge  L,  [2m.]t  Asiak 

Pt  Kodney 

Kingl.,[l  I.].  N  pt.,  700f. ... 

Port  Clarence,  ffl,  w,  PlI  ft 

Spencvr  J 


UuN 


63°i5' 
63  26 


5* 
20 

23 
26 

17 

30 

39 

o 

167 


Loo- W 


168*38' 
171  50 

166  10 
164  20 
162  37 

161  24 

162  45 
166  8 
166  18 
168    1 

166  48 


(18*) 


Placet 


C.  Prince  of  Wales  (extreme  I 
W  pt  of  America) J 

Fairway  rock. M. 

Difimerie  Is.,  2,  N  one,  or\ 
Katman<iff  I„  [5m.],  S  pt  J 

Kotzehue  Sound,  C.  Espun-  \ 
ber^,  E  pt / 

— -  Chamts*o  L,231f.,  wEl 


summit   

C  Krusentern,  L,  sandy. 

Pt  Hope,  L 

C.  Lisborne,  849f. 

Icy  Cape  (shoals)  

Pt  Barrow,  Noowook.... 


Lsu.N 

Lea.  V 

65°33' 

i67e59' 

65  39 

|i68  4i 

65  47 

169    4 

66  33 

163  28 

66   13  2 

161  46 

67  11 

68  20 
68  52 

70  20 

71  23 

163  37 
16645 
166    6 
161  46 
156  22 

TABLE  11. 

PLACES  AT  WHICH    DOCKS,  WET   OR  DBY,  Oil  8LIPS,   MAY   BE   FOUND, 
BEPAIB8    MADE,    COAL8  OBTAINED,  Ac, 


London 

Chatham 

Shcerness 

Deal 

DoTer 

SJtor-hom  ? 

Portamoath 

Southampton 

Topsluun 

Ditrtniouth 

Deronport 

Falmouth 

Penxanoe 

Bristol 

Newport 

Cardiff 

Swansea 

Hartlepool 

Pembroke 

Holyhead 

Liverpool 

Barrow 

White  barea 

Greenock 

Glasgow 

Btoruoway 

Lerwick? 

Inverness  ? 

Aberdeen 

Grangeniout* 

Dundee 

Lcith 

Berwick 

Tyocmouth 

Sunderland 

Hall 

Great  Grimsby 

King's  Lynn 

Ipswich 

Cork 

Limerick 

Bligo 

Londonderry 

Belfast 

Lame 

Droghcda 

Dublin 

Kiugdtowa 

Duudalk 

Oarrickfergua 

Wexford 

Ostend 

Antwerp 

Rotterdam 

Flashing 

Harllngea 

Ohoot 

Delfsyl 

Amsterdam 


WilllamshaTea 
Hauiburg 

KlMncur 

Copenhagen 

Kiel 

Stettin 

Dantsig 

Mcmel 

Riga 

O-icarahanMl 

Kronstadt 

Stockholm 

C  ir  scrona 

Malmo 

Gottenborff 

Chri*tiansun4 

Cbristlania 

Ohristiausand 

Bergen 

Trondheim 

Archangel 

Dur.terqa* 

Calaii 

Dieppe 

Havre 

TroaTills 

Honfleur 

Caen 

Cherbourg 

St.  Pierre 

fit.  Heller's 

Granri.le 

Morlalx  ? 

Brest 

L'Orient 

StNasaira 

Port  de  Palais  t 

Mantes 

Rochello 

Bocheiort 

Bordeaux 

Lormont 

Bayous* 

Bilbao 

Riradee 

Ferrol 

Corona 

Vigo 

Pigueira 

Oporto 

Lisbon 

Huelra 

Cadis 

Gibraltar 


Cartagena 
Valencia 


Barcelona 

Marseille 

PortClotai 

Toulon 

PortMahoa 

Cagiiari 

GapreraL 

Genoa 

Spesia 

Leghorn 

Cirita  Veochia 

Nap'e* 

Messina 

Catania 

Svracose 

Palermo 

Taranto 

Bari 

Anoona 

Venice 

Trieste 

Pola 

Piume 

Corfu 

Patras 

Salami* 

Pineus 

Syra 

Constantinople 

Ronton* 

Odessa 

Nicolaicff 

Sevastopol 

Batonm 

Smyrna 

SudaBaj 

Beirut 

Alexandria 

Port  Said 

Sues 

Malta 
Tunis 
Algiers 

PaJmas 

Teneriffe 

Floras 

St  Michael's 

St.  Vincent 

Bermuda 

Senegal 
Gore* 
Bathurst 
Sierra  Lcoas 
Qoette 


DixCore 
Bimira 
C.  Coast? 
Whxdah 
Princes  L 
Lagos 

Fernando  Fo 
Congo 
Loaudo 
Ascension  ? 
St  Helena 
Cape  Town 
Simon's  B. 

Port  Rliaabeth 

Bast  London 

Natal 

Comoro  Is.  ? 

Mozambique 

Reunion 

Mauritius 

Mahe 

Zanzibar 

Aden 

Muscat 

Basrah 

Karachi 

Bombay 

Colombo 

Trincomalee 

Neg»|iatam 

Poudicherri 

Madras 

Otcutta 

Chittagoug 

Akyab 

Rangoon 

Monlmeia 

Mergui 

Port  Blair 

Acheen 

Penang 

Malacca 

Singapore 

Padang 

Bangkok 

Saigon 

Canton 

Wnampoa 

Hong  Kong 

Swatau 

Amoy 

Pn-chau 

Shanghas 

Tamoui 

Ningpo 

Taku 

New-ohang 

TTadifostock 


Nagasaki 

Hiogo 

Kobe 

Osaka 

Yedo 

Hakodadl 

Laboan 
ManUU 


Bataria 


Sourabaye 
A  in  bo  in* 
Temate 

SwanR. 

King  G.'s  Sound 

Adelaide 

Port  Phillip 

Port  Western 

Hobart 

Port  Jacksoa 

Newcastle 

Brisbane 

Maryborough 

Townsrille 

Nelson 

Wellington 

AuckJaud 

Otago 

Lyttelton 

Napier 

Wangaroa 

Noumea 
Leruka 
TahlU 
Honolulu 

St.  John's 
Montreal 
Toronto 
Quebec 
Pictou 
Sydney 
Halifax 
Gamden 
St.  John's, 
NewBrk. 

Portland 

Bath 

Portsmottta 

Boston 

New  London 

New  York 

Philadelphia 

Baltimore 

Norfolk 

Charleston 


Prn^tcola 
Mobile 
New  Orleans 

Nasaan 

Santiago  deCubs 
Cienfuegos 
Port  Royal 
Port  an  Prinot 
Porto  Rico 
St  Thomas 
Sta.Cnu 
Antigua 
Martinique 
St.  Lucia? 
Barbados 
Grenada 

Vera  Cms 

Belize 

Porto  Belle 

Curacao 

Caraocae 

PortS|»aiB 

Demerara 

Campeche 

Surinam 

Cayenne? 

Pari? 

Maranham? 

Peroembuce 


Uio  Janeiro 
Rio  Grande  de 

Sal 
Montevideo 
Buenos  A\fes 

Port  Stsuuej, 
Falkland  Is.! 

Coronel 

Talcuhuano 

Valparaiso 

Ooquimbo 

Cadcra 

Antolagaifta 

Iquiqae 

Calhio 

Parta 

Gua>s 


Acapolos 


Goaymas 
St.  Frauds* 
Portland 
BsqoimaoU 
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TABLE  13 

TIME  SIGNA18,  \*n*                                                              \ 

It  will  be  noticed  that  many  countries  hare  now  adopted  a  uniform  time  intwi. 
Gnat  Britain,  Belgium,  Netherlands,  Spdn,  and  Portugal  hare  adopted  Greenwich  naean  Mama  at  • 
et*nda>d. 

In  Ireland  the  mean  tieje  of  the  Observatory  at  Dublin  is  the  stand  «rd,  25"  22"  stow  of  O.M.T. 

Auatria-Hungarr,  Denmark,  German*,  Italy,  Norwar  and  8weeVm,and  the  Briii  h  Colour  of  Malta  ben 
•deptrd  the  Meridian  of  150  B.  from  Greenwich  u  a  atanaetd,  or  ihour  raatofG.MT.    This  m  known  un  Mai 

European  time.    France  and  A'garia  nee  the  Meridian  of  Parle,  9-  ai«  fast  of  G.M.T 

Cape  Colony  hat  adopted  'be  Meridian  of  *a\°  E.  as  a  standard,  or  \\  h»ur*  far  of  G.M.T.    Thi* is  known 

as  Tape  Co'ouy  mean  time,    Exrpt  and  Katal  have  adopted  Meridian  or  30°  E.,  or  a*  fast  of  G.M.T. 

J  pan  has  a*  pted  asji  standard  the  Meridian  of  1350  East  from  Gr*ea#ich,  or  9  hoars  nut  of  G.M/T.  Thu 

Is  known  as  Japan  mean  time.    Strata  Settlements,  Mer.  of  Ft.  Fallcrton,  Ningap  *•,  6*  55-  25*  fast  of  G  JIT. 

In  the  Cotonr  of  W«*t  Austral  a  and  Phfflipine  Islands,  the  standard  time  ef  the  Median  of  x*o°  E.  of 

Greenwich,  or  8  hoars  fast  of  G.MX,  J»a«  been  estabUshad. 

In  the  Colour  of  South  Australia  the  standard  thaw  of  the  Meridian  of  142*  30*  E.  of  Grewwfch,  a 

9  hoars  30  min.  fast  of  G.M.T.,  has  been  established. 

In  the  Colonies  of  Q  •eensland,  New  South  Wales,  Victoria,  and  Tasmania  the  standard  tiane  of  tat 

Meridian  of  150°  E ,  or  10  hoars  fast  of  G.MX  has  been  established. 

New  Zealand  has  adopted  as  a  standard  the  Meridian  of  172I0  E.  from  Greenwich,  or  u}  hoots  fhas  ef 

G.M.T.    This  is  known  as  New  Zealand  mean  time. 

In  the  United  Seals*  of  America,  at  the  Atlantic  ports  and  Caba,  the  standard  time  of  th»  Meridian  of 

75°  W.  of  Greenwich,  or  5  boora  s»ow  of  G.M.  T.  has  been  established.    At  Pacluc  ports  and  tttitieh  Ootitmbie 
the  standard  time  is  that  of  the  Meridian  of  iao°  Wn  at  8  boo  •  alow  of  G.M.T.* 

I 

!  Time  of  Signal  baina; 

Greenwich 

Let. 

•    1    * 

Long. 

ru» 

Signal 
ed.pted 

Situation  of  Time 
Signal 

Tiane  of 

Greenwich 
MeaaTimr 

Lr«il 

Meanlim* 

•    '    * 

h  m   a 

h  m   a 

h    m   a 

$1  28  39#. 

•    0    0 

Greenwich 

Bell 

Hoyal  ObecrvUory  . 

1  00  00 

1  00  00 

i  is  55  oowi 

$1  «6  45* 

0  44  45  E. 

Sheerneat 

Ball 

Garrison  Ftagstiff  . 

1  00  00 

»    «S9 

lis  57  30 

$t  13  17 N. 

t  24  22  B. 

Deal      .       . 

Ball 

Telegraph  Tower 

1  00  00 

10537 

f  12  55  ooeW 

5»    7  «5fi. 

50  48    0  N. 

t  1940E. 

Dorer   . 

Gnn 

Drop  B  <ttery  . 
Duck  Yd.  Semaphore 

0  00  00 

0  05  19 

*  I2>  57  00 

1    6  i8*\ 

Portsmouth  . 

Bail 

1  00  00 

©55  35 

in  55  00 

50    845N. 

5    »45W. 

PalaHUth 

Ball 

PendennU Caste    . 

1  00  00 

0  39  49 

5°  S3  39  fr- 

*«♦  s5 

Sonthampton 

Ball 

Sooth  Cattle    . 

1  00  00 

0  54  »4 

ia  5500 

50  22    oN. 

4  10  sou. 

Deronport     . 

Ball 

Mount  Wise    . 

1  00  00 

043  19 

12  5500 

_ 

— 

ft 

Gun 

H                       •             • 

1  00  00 

0  43  «9 

_ 

51  36  55  N. 

l».&: 

Swansea 

Gnn 

On  old  Eastern  Pier 

1  00  00 

0  44  18 

_ 

53  24    4N. 

Liverpool 

Gnn 

Birkenhead,      Mor- 

1 00  00 

047  58 

mmm 

peth  Dovk 

1 

*6  27  56  N. 

»  5«  45  W. 

Dundee. 

Gnn 

— 

1  00  00 

0  48  0} 

f  12  55  coast} 
1 12  57  00     1 

55  57  «3»- 

8  «o  54  W. 

Edinburgh    . 

Ball 

Nelsons  Monument. 

1  00  00 

047  16 

_ 

_ 

H 

Gnn 

Edinburgh  Ctstle    . 
Near  Albert  Edward 

Dock 
Victoria  Oner. 
Near  Military  Hosp. 
Ducks  Board  Bui  ding 

1  00  00 

0  47  16 

55    ©jnN. 

I  27  28W. 

North  Shields 

Gnn 

1  00  00 

0  54» 

— 

51  53  53 N. 

8  27  17W. 

Cork      .        . 

Gon 

1  00  00 

0  26  11 

mmm 

5t  51    9N. 

8  16  37W. 

Queenstown  . 

Gun 

1  00  00 

0  26  S3 

_ 

53  ao46N. 

♦  15  30  w. 

Dublin  . 

Ball 

1  00  00 

0  34  58 

— 

24  49  11 N. 

66  58  00  E. 

Karachi 

Ball 

Mcewether  Pier 

20  32    8 

1  00  00 

20  27    8 

«8  55  5«  N. 

7«  y>  33  g- 
72  50  46  K. 

Bombajt 

Ball 

Bombay  Castle 
Clock  Tower,  Docks 

2008  44 

1  00  00 

20  03  44 

18  57  13 N. 

_     ft 

Ball 

15  00  CO 

7  S»  »* 

14  55« 

6S634N. 

79  So  34  E. 
96  10    0  E. 

Colombo 

Sema. 

Master  Attendant's. 

23  54     I 

4  «S  00J 

22  49    t 

16  46   oN. 

Rangoon 

Ball 

Sailora'  Home . 

17  35  *> 

0  00  00 

17  30  20 

'3    5  47  N. 

80  17  37  & 

Madras. 

Seme- 
|h  re 

Master  Attondaat s 
Office 

19  3900 

I  CO  CO 

22  33  25  N. 

88  20  12  B. 

Calcutta 

(B. 11 
t  Rail 

Fort  William  . 

19  06  39 

1  00  CO 

*9  01  39 

_ 

— 

w 

Port  Ooeamissioners 

1906  39 

1  00  CO 

19  01  39 

U2   17  44^. 

114  10    8  E. 

Hongkong     . 

Ball 

Keu'ung  Tower 

17  23  18 

I  00  00 

17  18  18 

»    17  33N. 

103  50  53  E. 

Singapore 

Ball 

FtC  inning  Flagstaff  18    4  35 
Puk»Br>ni      .        .  I18    4  35 

1  00  00 

18  00  00 

I  ,S45? 

6    5488. 

103  50  00  E. 

n 

Ball 

I  CO  CO 

18  00  00 

106  53  07  E. 

Batavia. 

(Discs 
1  Discs 

Tan]  m  g  Priok  Basin  16  52  28 

0  00  CO 

16  47  28 

— 

— 

t« 

t» 

18  00  00 

I  07  32 

17  55  00 

7  is  108. 

113  43  40  E. 

8ourabaya     . 

Discs 

KaHmss  Rircr 

16  29  05 

0  00  00 

16  24  05 

15  55    08. 

5  4a  3°*- 

St.  Helena    . 

B  II 

Udder  HiU  Flagstaff 

1  0000 

0  37  10 

12  55  00 

n 

Ball 

Time  Office      . 

1  00  00 

0  37  10 

12  55  00 

s3r48N. 

•  11  30W. 

Accra    . 

Flag 

Telegraph  Office      . 

11  00  46 

11  00  00 

848458. 

13  13  20  E. 

PauldeLoanda 

Ball 

Observatory    • 

077 

1  00  00 

027 

•  For  mere  detailed  and  later  Information  on  Time  SigaaJe  m  Admiralty  Uat  of  Time  Signals,  told  by  J.  D.  Potter,  Jkasn 
for  Admiralty  Cbarta,  146  Ifiaoriea,  B. 

f  Clock  on  U.K.  Baation  ahewa  Bombay  mean  time.  }  Madras  mean  time,  aleoet  8h  is"  aja. 
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TIME  SIGNALS,  1903 

Lmk. 

Long. 

Plaoa 

Signal     Situation  of  Time 
adopted              Signal 

Tims  of  Signal  being 
made 

Greenwich 

Time  of 
Preparatory 
,         Signal 

Greenwich!     Local 

Mean  Time  Mean  Tin* 

1 

O        1        tt 

0    «     f  _ 

n    m    s 

h   m   s 

a   m  s 

33  54  348. 

18  35  15 E. 

Table  Bay  •  . 

BaU 

At  Alfred  Docks     . 

0  CO  CO 

1  30  CO 

— 

— 

n 

Gun 

On  Imhofl  Battery . 

0  00  CO 

2  30  00 

^. 

34  «  35  8. 

18  25  58  fi. 

Simons  Bay  . 

Disc 

Telegraph  Office 
At  the  Lighthouse  . 

0  00  00 

1  30  CO 

23  55  CO 

33  57  43  8. 

25  37  19  B- 
>*6  54    5E- 

Port  Elisabeth 

Ball 

0  CO  CO 

1  30  00 

33  36  10  8. 

Port  Al'red  . 

BaU 

— 

O  CO  00 

1  30  00 

«^ 

33     1  508. 

*7  34  55  B- 

East  London 

BaU 

Signal  Hill      . 

O  CO  CO 

1  3°  co 

_ 

39  53  30  8. 

31    3    oB. 

Natal     . 

BaU 

North  Entrance  Point  aa  55  59 

0  25  59 

_ 

ao  10    58. 

57  29    oE. 

Mauritius    . 

PaU 

Signal  Mt  Pt  Louis  at  09  47 

I  CO  CO  . 

31  04  47 

33    3  1a  8. 

115  44  15 E. 

FremenUe    . 

BaU 

Arthur  Head  .        .17    0    0 

0  42  57 

i4  57  00 

34  Si     6  8. 

138  38  50  E, 

Adelaidef 

BaU 

At  the  Semaphore  .  15  30  00 
Gellibtand  Point     .  15  00  00 

0  43  55 

15  »5  co 

37  5a    7§. 

144  54  47  E. 

Port  Phillip . 

BaU 

0  39  39   l 

M  55  *» 

38    9  00  8. 

144  31  00  E. 

— 

BaU 

Telegraph,  Geelong.  15  00  00 

0  37  24 

14  55  09 

38  16  37  8. 

144  39  45  g. 

— 

Flag 

Queensc^ff  Signals .  15  00  00 
Observatory     .        .  15  00  00 

0  38  39 

33  51  41  8. 

151  12  23  E. 

Sydney 

BaU 

1  04  49 

14  5?  00 

3»  55  43  8. 
37  28     38. 

151  47  28  E. 

Newcastle     . 

BaU 

Custom  House        .  15  00  00 

1  07  to 

14  55  °° 

153    1  3i  K- 

Brisbane 

BaU 

Signal  Tower         .  .  15  60  00 

1  is  06 

14  55  °° 

43  53  33  S. 
43  3*  4«  8. 

147  20  28 E. 
172  44  50  E. 

Hobart. 

Lvttaltoa      . 
Wellington   . 

(Ball 

(Gun 

BaU 

Fort  Mulgrav*        .  15  00  00 
Queen's  Battery      .  i        — 
Observatory    .        .  13  30  00 

0  49  20  • 

1  OO  59    : 

14  50  OP 
13  35  OO 

41   16  50  S. 

174  46  55  B- 

BaU 

Railway  Wharf*      .  13  30  00' 

O  09  08    . 

— 

45  49    0  8. 

170  39    oE. 

Otago    . 

BaU 

Signal   Staff,   Port  is  30  00 

II   53  36 

Once  a  week 

36  50  44  8. 

174  45  52  E. 

Auckland     . 

BaU 

Post  Office  Flagstaff 

12  30  CO 

O  09  03 

13  35  00 

47  34  10  N. 

52  40  27  W. 
66    345W. 

St  John's     . 

Gnn 

8tgnal  HU1      .      . . 

3  3o  43* 

O  OO  OO 

-~ 

45  ic  4a  N. 

46  48  33  N. 

St  John,  N.a 

BaU 

New  Custom  House 

5  00  00 

6  00  00 

I  OO  OO 

4  45  «> 

71    13  17  W. 

Qoebee. 

BaU 

At  Citadel       .      . . 

I    1$   11 

5  55  0O 

45  31    oN. 

73  33  15  W. 

Montreal 

BaU 

Harbour  OfCoe 

5  00  00 

O    5  47 

4  55  00 

32    19  33 N. 

64  49  35  WJ  Bermuda  §    . 

BaU 

Dockyard  Flagstaff 

4  »9  1* 

0  00  00 

4  14  18 

33  08  30N. 

82  20  50  W. 

Havana         • 

BaU 

Naval  Ottos    . 

5  00  00; 

11  30  36 

4  50  oa 

14  00  53  N. 

61  00  00  W. 

8t»  Lucia      • 

BaU 

Harbour      Master's 
Office,  Castriee 

4  04  00 

00000 

3  59  co 

6  48  48N. 

58    9  53  W. 

Demerara     • 

BaU 

General  Post  Office . 

S  5a  39 

00000 

3  47  46 

10  39    oN. 

61  30  38  W. 

Trinidad 

Ball 

Observatory  Tower 

4  06  02? 

0  00  00 

5  49  3»N. 

55    8  48  W.    Paramaribo  . 

Disc 

Guardship 

3  40  33 

0  00  00 

3  35  35 

za    6  45  N. 

68  56  44  W.    Curacao 

Flag 

Guardship 

4  35  47 

00000 

4  3o  47 

33  54  348. 

43  xo  21 W.  Rio  da  Janeiro 

Drum 

Mount  CastaHo     . 

a  53  41 

0  00  00 

a  47  4i 

34  5»  33  8. 

57  54  43WJ  Rio  da  la  Plata 

BaU 

Dock  Engine  Ho.    • 

a  51  39?  33  00  00 

a  47  39 

34  35  508. 

58  33  15  W.  Buenos  Aires 

BaU 

Hyd.  Office 

5  1648 

t  33  19 

5  I4  4« 

51  *3  15  N. 

4  «4  "5B- 

Antwerp 

Discs 

Hanseetic  House     . 

1  00  CO 

1  17  37 

13   55  CO 

51  36  33N. 

3  35  48  B. 

Flashing 

Discs 

Stone  Tower  of  sluice  33  45  37  . 

0  CO  00 

a3  40  37 

51  49  19  N. 

4    7  40B. 

Helleyoet  stats 

Discs   Marine  Establishment  23  43  39 

0  OO  CO 

a3  3«  a9 

52  2a  40  N. 

4  54  45  B. 

Amsterdam  • 

Discs 

Commercial  Quay  .  23  40  ai 

0  CO  00 

23  35  21 

5«  54  39N. 

4  39  47  E. 

Rotterdam    . 

Discs 

Gate  Building         .  33  43  01 

0  00  00 

13  37  01 

5a  57  50N. 

4  46  36 B. 

WUlemsoord 

Discs 

Marine  Office  .        .  33  40  54 

0  00  CO 

23  35  14 

53  3«  54N. 

8    8  48 E. 

Wilhelms- 

(Ball 
<Bell 

Obeervatoty    .        •930000 

11  3a  35 

20  50100 

— 

haven^ 

»» 

O  CO  CO 

0  3«  35  ' 

«  23  '57  co 

53  3*  5iN. 

8  34    7B. 

Bremer  have* 

J  BaU 
'Ball 

8.W.  of  Lighthouse 

33  00  00     it  34  16  * 

22  50  to 

— 

tt 

n 

0  00  00    1  0  34  *6  . 

1  a3  57  00 

53  5*«4N. 

8  4a  30  R. 

Coxhavea 

J  Ball 
'BaU 

B.  of  Lighthouse 

93  00  00     11  34  en  • 

22  50  00 

— • 

— 

Hamburg 

t» 

0  00  00    I  0  34  50 

:  03  57  CO 

53  3*3°N. 

9  58  57 E. 

BaU 

On  the  Kaiser  Quay 

0  cc  co    1  0  39  56 

23  50  00 

54  19  i*N. 

10    9  40  E. 

Kiel 

(BaU 
(Gnn 

Imperial  Wharf       .  23  00  00     11  40  39 

•    32  50  CO 

— 

— 

n 

Guardship               .  J23  00  00     11  40  39 

— 

53  54J*N. 

14  15  5*B. 

Swinemmnde. 

IBaU 
I  Ball 

8.W.  of  Lighthouse 

aa  00  00     10  57    4 

21   50  OO 

n 

tt 

3  00  00 

3  57    4 

t      2  50  CO 

54«4i8N. 
56   a   4N. 

18  40  to  B. 

Neufahrwasser 

BaU 

Lighthouse 

33  00  00 

1  14  41 

32    C»  CO 

la  37  34  E. 

Elsinora        . 

BaU 

Quarantine  House  . 
Navigation  8ehool  . 
Nikolai  Tower. 

0  00  00 

0  50:30 

83  55  00 

57  4a  34N. 

11  58    oE. 

Gothenburg  . 

BaU 

0  00  00 

•47  5« 

a3  55  *> 

55  40  42  N. 

12  35    7B. 

Copenhagen  v 
Malmo  . 

BaU 

0  00  00 

0  50-19  . 

33  55  00 

55  37   oN. 

5609  38  N. 

13  oi  ic  E. 
15  35  36 E. 

BaU 

School  of  Navigation 

0  CO  CO 

0  52  02 

23  5500 

Cerlskrona    . 

BaU 

Dockyard  Tower 

0  00  00 

I     ■  23 

23  54  00 

19  19  10  N. 

18    444E. 

Stockholm    . 

Ball 

School  of  Navigation 

O  00  CO 

I  it  19 

23  55  CO 

*  Gaps  Colony  mean  time. 

t  Balls  dropped  at  1*  eo"  oo%  standard  tints,  of  wte  Austrshan  Ootoolst  and  New  Zealand. 

X  Onos  a  week.  f  On  Saturdays  only.  |  At  Demtram,  on  Wednesday  and  8atorday  only. 

J  Balls  dropped  at  •*  00-  oe*,  Mld-feuopean  time,  throng  bout  Germany  and  Denmark. 


•45a 


TABLE   13 


TIMK  SIGNAL,  1902 


59  S?^** 

59  56  31  N. 

60  9  49?. 
6096  57  ». 
65  1  19N. 
63  25  40N. 
•o  23  53  N. 
S9  45  44*. 

32Sn: 

47  44  45  5- 
4559  10N. 
45  56  10  N. 
38  4J  18  N. 
36  27  41 N. 

3647  oN. 
44  »|  »». 

44  *  55N. 
40  O*  aoN. 
445s    8N. 

45  38  56  J. 
45  *9  36  N. 
44  3*  49* 
35  S3  *>N. 

4090  5£ 
31  11  39  J 


^ 


21 N. 


Long. 


«4<>5 
•9  45 
3018 

24  57 

93   17 

25  3* 

IO  99 

5   1* 
IO43 


30B 
93  K. 

43  B. 
30  E. 

4£ 

35  E. 
33  B. 


4699  oV. 
41  3«  5N. 
41  8936*. 
4043    oN. 

39  56  45* 
39  »7  51 »- 
38  53  39  S- 

37    o    oN. 

3s  4S25J- 
«9  57  8N. 
99  18  oN. 
54740N. 

3»  5  53^- 
49  "7  305. 

33  150J 
91  18  13  N. 
1436  oK. 
90  51  56  N. 

93  31   43 ». 

24  «7  25  S. 
3«  *4  7*r 
37  33  «oN. 

34  *  oS. 
414635W 
41    7    oH. 


*  37  34** 

3  •!  15  W. 

1  5  SOW. 
o  57  35mW 
9  8«4W. 
6  12  24  W. 

555  «7|. 

2  3I5£ 
8  55  91  B. 

949  33  B. 

17  14  to  B. 

"3  5°45B. 

«3  45  30  B. 

sans 

»4  3©  55  B. 

14  15  3oB. 
•9  53  15  B. 

39  18  45  E. 
31  58  98  E. 

3045    0% 

70  40  20  4T, 

71  19  39  W, 

74    015W, 


10W. 

57  W, 
8W. 

10  W. 
SOW- 


Signal 
(adopted 


Blga      • 

Kronatadt 

St.  Petereb  «rg 

Hebdng  or* 

Abo 

Olaabwg 

Trondbfem* 


ChrutlaniaV 

Cherbonrg  , 
Brest  . 
LX)rlnt 
Fans.  . 
Ritthefbrt 
Lifb  B  . 
Cedia    .       , 


Bll 
BUI 
Gun 
Bali 
Bel 
Bail 
Bll 
Bal 
Dram 


Die 
Flag 
Bell 

'Bali** 

BU.OB 
BUI 


TooJon  . 

Wgier  . 

G«O0.$. 

Sprain  . 

TftTftDftO 

PoU 

Trieste. 
Flame  . 
Lnasin  Piccolo 


2^ 

8l 


5 

94  47  30  W. 

192  23  35  W. 

199  l6  l6  W. 

193  7    oW, 

I  7i  38  3oW. 
«57  5*  47  *'■ 

120  58  oB. 
*°6  39  54  B. 
116  40  30  E. 
118    333L. 

121  09  10  R. 
191  25  90  E. 
135  11  oE. 
Mo  43  So  B. 
131  59  44  E. 


Naples  . 
Alexandria! 
Pot  Said  I 
Nieoleev 

(Black  8ea) 
Odessa  • 
Woods  Hoil« 
Newport 
Now  Tort     . 

PM'aoalpliU. 
Baltimore     . 
Washington. 
He*  pton  Roads 
Savannah 
NewOrlaaM. 
Galveston 
San  Francisco 
Mara  Island  . 
Vanconver    . 
Valparaiao     . 
Houotala      • 
Mmila  . 
Haifoag 
Swat  a. 
Amoy  .       . 
Shangai 
Chin    • 
Koba  • 

Hakodate 
Vladivostock. 


BeU 

fr«k 

Gun 

Gun 

BaU 

Bail 

Ball 

Ball 

Diem 

(Ball 

IBell 

Hail 

Ball 

Ball 

BaU 

Ball 
Ball 
Ball 
BaU 


S*  nation  of  Time 
S\g»«l 


Tame  of  Signal  being 


Gr**nw*ch 
M*an  Tim» 


Local 

iManTie* 


a  at    1 

Sapors'  Heme  •  .  93  23  39 
Marine  leknrraph  .  99  00  56 
Port  Petri-Panl  .  I91  58  41 
Observatory  .  .  9a  90  11 
Navigating  School  .  99  30  51 
Ne«igatj.-a  School  .  99  17  58 
Observatory  .  .  93  00  00 
Ob  cifetoiy  •  •  93  00  00 
Ob  crvetory     .       .  93  00  00 

Marine  Obligatory   91  50  39 

Observatory    •  .  91  50  39 

Herbonr  rower  .  91  50  39 

Tower      .       .  .  ,31  50  39 

81.  Lonia  Tower  .  bi  co  39 

Naval  St  koal  •  *    1  36  45 

Observatory  1  94  50 

Naval  Observatory  .  21  50  39 
Town  Hall  Cock 

Port  CmteJIneeJo  .  23  00  00 
Lagnra  Moe  .  •  23  00  00 
8*.  Angato  Gentle  •  123  00  00 
Harfemr  Oaetle  .  93  00  00 
Ligbtaoase  •  93  00  00 

Staff,  Mole  end  .  93  00  00 
8.W.  Q^iav  .  •  93  00  00 
Palace  Val  tta  .  23  00  00 
runt  m  Hmt«e  •  93  00  00 
Tincena  1  Mols  .  93  00  00 
Port  Naeo|*on .  .  92  00  00 
Hlgk  Light  Ho.  .  99  00  00 
Observatory  .  ai  £a  06 

I 
Baaaian&N.O^Oace  91  57    o 


B.ll 
Bel 
B.U 
BaU 
Bill 
Hall 
Ball 
BaU 
Gun 
Ball 
WhU'e 
BaU 
BUI 
BaU 
Gun 
BU 
1U1I 
BaU 

*Wr 

Bali 
AGan 


Water  Tow^r  .  .  5  00  00 
Tornrdo  Station  .  5  00  00 
Ceinn       Telegrapk    5  00  00 

OnVse 
Mari'hoe  Exehange  5  00  00 
Baltimore  Railway  .  5  00  00 
Navil  Ob-ervatory  .  5  00  00 
Hyceia  Hotel  •  •  5  00  00 
rnetinn  Honse.  .  5  00  00 
8  <gar  Hoa^e  •  •  5  00  00 
Levy  Boilding  .  5  00  00 
Tower  of  Parry  Ha*4  60000 
The  Observatory*0 .  80000 
Brock'on  Point  .  17  00  00 
Naval  School  •  .  4  46  34 
Steam  Mills  .  .  19  00  00 
MefeorologiealOnVe|i6  00  00 
Obaervatorv  .  .  13  53  no 
HarbonrOAot  .161305 
Knlangssa 
Semaphore 
Msatnear  Tower  Hill '15  54  90 


h  m  s 

059  54 
o  00  00 
o  00  00 
o  00  00 
o  00  00 

0  00  00 

93  41  98 

93  91  13 

23  42  54 

10  00  oot 
10  00  oof 
10  00  oof 
10  00  oof 
10  00  oof 

1  00  00 
I  00  00 

10  00  oof 
shows  Pa  UM 

?  3  35  4i 
3  39  18 
•  857 
23  55  23 
23  5502 

23  57  43 
23  §  5« 

23  58  4 
,»3  58  4 
23  57    2 

23  59  33 
o  00  00 
o  00  00 

o  00  00 
o  17  19 
o  14  4* 
003  58 


Gre»n*fc9 

Tittvef 

Prrparatoi) 

fcgnai 


On  the  Bond 
Obey.  FL  rat*. 
Harbour  Office 


13  53  1 
16  13  < 

1607  44 
«5  54  03 

.  15  00  00 

J15  00  00 
•  15  «•  «9 


,23  S9  23 
23  53  3« 
>3  5«  47 
|23  54  46 
23  35  39 
59  43 
J23  o  o 
23  So  23 
23  5°  55 
9  00  00 

0  00  00 

1  28  33 
o    3  52 

'at  00  00 

00)00 

o  00  00 

0  00  00 

1  00  00* 
o  00  00 

0  99  55 

o  00  00 


h  m  ■ 
S3  1832 
»I  5a  56 

99  16  II 
*2   94   51 

92  IS   5! 

23   45  OO 

93  45  00 

tta.  55  00 

»*  45  39 

»*  45  39 

«i  45  39 

«*  45  39 

a»  45  39 

1  3*  45 

1  14  50 

•1  40  39 
oan  Ti  r, 
22  5500 

ao  55  00 
99  55  00 

93  55  00 
99  55  00 

99  55  00 
93  55  00 
99  55  00 
ai  55  00 
91  55  00 
91  47    • 

91    59  OO 


4  55  0t> 
4  50  00 
4  50  00 


4  55«> 
4  55  °° 
7  5500 
7  55  0O 

4  41  34 

«5  55  0» 
13  43  » 

l6  09  44 

15  49    3 


«4  55O0 

15  07   90 


d  BMOxdara.  f  Paris  mm  time, 

Is  dropped  at  r*  oo*"  oo*  MM-Barop*aa  time,  tfaroofb^et  Korway,  Aastrls,  sad  Italy. 

*  the  o«eial  ttme  kept  Is  stsnaar.i  tisst  of  the  sssrianai  or  30°  B. 


•  On  Wetessdars  and  Baiordari 

tOansnrsd  sad  balls  dropped  t 

iTbraaahoetn^yr^tiMo^NMttfiiekapStaat 
f  BaUaiPonBald^droppadaboats>am.and4>     _ 

1  AllthneballsenthaAtkntioaadOoJfef  stasieo  eessts  of  ths  Ualtsd  8^stm  ars  d^eimsd  at  noen, 
7jth  msridisn  Wait  from  Greenwich— equivalent  to  s*  oo"  oo*p  m.  Greenwich  mean  tune. 
••  BaUs  dropped  at  neon,  mean  time  of  taotb  msrillaa  West  from  Oreanaloh 
»A—Wbao  the  report  of  the  gTin  fa  uaed  allow  for  tlm«  of  jngaafe  of  toond.    oVtp.lML 


thntatna 


«46 


TABLE  14. 


EPACT8 

Years 

Months 

'T«f 

KpftOt 

Yea? 

aW 

Y<M 

Jtpact 

Tear 

»><* 

Month 

Bpaot 

Month 

d    h 

4    a 

4   a 

d~a 

4    a 

4    a 

1891 

so    9 

1*97 

If 

190S 

3   II 

1909 

9     4 

Jan. 

O    O 

July 

3  » 

1899L 

1    IO 

1898 

1904L 

>3    a 

1910 

■9  19 

Feb. 

1   II 

Aug. 

5    7 

189H 

»3    5 

1899 

19    o 

1905 

24  17 

1911 

O  22 

March 

29  II 

Sept* 

6  18 

1894 

*4    5 

19CO 

o    2 

1906 

16  11 

19I9L 

II   13 

April 

1   IO 

Oct. 

7    5 

1895 

5    o 

1901 

10  17 

1907 

1913 

23    4 

May 

1   21 

Not. 

8  17 

1896L 

«5  »5 

1909 

21    8 

1908L    27     8 

1914 

4    7 

June 

3    8     Dec 

9    4 

TABLE  15. 


8EMIMBNSTRUAL  INEQUALITY  or  thb  Tmn  of  High  Water, 
For  London,  Liverpool,  Pembroke,  Ramsgat  e,  Sheernesa,  Portsmouth,  Flyuoath,  and  Brest. 

Moons 

Transit 

Ineq. 

Moms 
Tnai4t 

Ineq. 

Moons 

Transit 

8tai. 
Ineq. 

Mcon** 
Tr»n«lt 

8«n. 
Ineq. 

Mooa't 
Transit 

tan. 
Ineq. 

6*  0- 
10 
10 
30 
40 
80 

1     0 

smb. 
O     2 

O    4 
0    6 
0    8 
0  11 
0  13 

ll,30- 
40 
50 

8     0 
10 
20 
30 

0*36^ 
O38 
04I 
0  43 
0  45 
O  47 
049 

5k  0» 

10 
90 
30 
40 
50 
6     0 

sub. 

lk  3" 
■    4 
«    5 
«    5 
1    5 
1    4 
1     3 

7k30- 
40 
50 

8     0 
10 
20 
30 

tub. 

0*30- 
0  25 
0  20 
0  15 
0  10 

0    5 
0    1 

•dd 
0    3 
0    6 
0    9 
0  12 
0  14 
0  15 
0  15 
0  16 

10*    0- 
10 
20 
30 
40 
50 

11     0 

mdt 
OM6- 
O   16 
O   15 
O    15 
O   14 
O    13 
O   II 

10 
20 
30 
40 
60 
9     0 
10 
90 

0  '§ 
0  18 

0  20 

0  23 

0  25 

O  23 

0  30 

40 
50 
4    O 
10 
90 
30 
40 
50 

051 
©S3 
0  55 
0  57 

0  59 

1  0 
l     l 
1    2 

10 
20 
30 
40 
50 
7     0 
10 
20 

1     1 

0  59 
0  56 
0  52 
048 
044 
0  39 
0  35 

40 
50 
9     0 
10 
20 
30 
40 
50 

10 
20 
3d 
40 
50 
12     0 

O    IO 

0     8 
0    6 
0    4 

O      3 
O     O 

TABLE 

16. 

APPROXIMATE  RISE  and  KALI 

or  tub  TIDE  at  **r  Time  rno»  High  on  Low  W 

fcTtcn 

Rmu**j 
Of  lh 

Tata 

0* 

1* 

2h 

3fc 

4h 

5h 

V 

TiaV 

in 

m  |  ni 

in 

m  f  m  ' 

t* 

m 

m 

m     l     Hi 

m 

in 

m 

■u 

m 

m 

m 

□i 

|a  fart 
0 

0 

0 

20    40 

0*0   O/O 

0 

OO 

20    40 

O'oj  0  0 

0 

20 

40 

0    1  SO 

40 

<> 
00 

20 

40 

0 

ao 

40 

0 

n  f*pt 

00 

OO 

OO 

00    00 

O'C 

00 

OiO 

OO 

0-Q 

OO 

0« 

1 

f 

0 

00  0  I 

O'l 

02 

04 

05I  07 

o-S 

ro    1*2 

*3 

1   * "? 

10 

1-8 

n 

»9 

20 

2 

2 

4 

0 

00  o-i 

03 

0*5 

07 

10    1  3 

17 

2  0,     2-3 

27 

30 

33 

35 

37 

3*9 

40 

4' 

4 

6 

0 

00 

C-2 

04 

07 

n 

■5 

^  0 

2-5 

3^,    3  5 

4*3 

4-5 

49 

5+J 

1* 

5« 

60 

6 

a 

8 

a 

Q  I 

0  2 

05 

n9 

13 

ro 

2b 

33 

40     4  7 

5*4 

bo 

66 

7" 

75 

7* 

79 

8* 

8 

10 

f> 

01 

oj 

07 

fl 

rS 

i5 

33 

41 

So,    59 

67 

75 

82 

S-9 

93[  97 

99 

10 1 

10 

12 

0 

01 

0-4 

0-8 

I-J 

2  1 

3* 

39 

5"0 

60    70 

8*1 

gd 

99 

106 

It "8  ir*- 

irK 

I2C 

If 

14 

(-1 

0*1 

oA 

09 

16 

25 

35 

4'3 

5* 

70J    82 

9'J 

J0'5 

11-5 

124 

131 

13-6 

"3  9 

14  c 

14 

16 

V 

o*i 

*5 

n 

1-9 

2g 

40    56 

66 

So'    94 

107 

120 

131 

U'l 

149 

"5  5 

is? 

16c 

16 

le 

20 

0 

0  1 

of 
o~6 

12 
13 

2  1 
23 

3  » 

4  5 

59 
"66 

7'4 

go,  1&6 

121 
134 

■3> 

14-8 

177 

168 
iS7 

"7*5 
194 

17c 
19  a 

|8  c 

20t] 

IS 

3-6 

50 

*3 

100  117 

150I  16  4 

23 

O 

oi 

07 

IS 

26 

39 

5'5'   7'* 

91 

MO    12  9 

14  3 

ib'S  j8i 

i9+4 

305 

*"3 

21S 

22C 

12 

24 

0 

01 

07 

16 

2* 

4.1 

60    79 

99 

I2  0;  I4- 1 

161 

iS  ol  197 

213 

224 

*3'3 

'3'3 

*40 

24 

26 

0 

02 

oS 

t  7 

30 

46 

65,    86 

107 

■3'V5  3 

174 

195 

314 

23C 

24'3 

35a 

"5^ 

26  c 

2* 

28 

0 

02 

Q+ 

19 

33 

S* 

70    92 

■  ■■6 

14*0  16-4 

188 

210 

33-0 

247 

26'  1 

272 

27S 

2S'Q 

28 

SO 

0 

0*2 

Q9 

2  0 

35 

54 

7'5    99 

124 

150  176 

20"  t 

225 

246 

265 

28-0 

291 

29  s 

JOC 

30 

32 

'".1 

o-) 

10 

2  [ 

37 

S? 

So  105 

13-3 

t6 0!  iSS 

£3 

240. 263 

»*a 

299 

31* 

31  a 

ire 

.12 

34 

a 

03 

I'd 

*3 

40 

61 

8-5  u  2 

14a 

1 7"oj  200 

^5  5;  a7'9 

300 

31 7  no 

337 

34ra 

^4 

88 

0 

0'3 

vt 

14 

42 

64 

90  It  8 

149 

ISO  211 

24'2 

270 

296 

3H 

3S* 

349 

357 

30  c 

36 

38 

0 
0 

3  ' 

2"5 
17 

44 

47 

68 
71 

95 

12-5 

<57 

l9Jo'  223 

^55 

and 

285 
300 

312 
3*9 

336 
353 

355 

373 

369 
388 

377 
397 

3^ 

4O-0 

3$ 

40 

100 

132 

*S 

200,235 

40 

43 

0 

03 

n 

2'8 

49 

75 

105 

138 

■74 

210  246 

282 

3i5 

34*5 

3?i 

393 

407 

41  ■; 

42<3 

4'i 

44 

0 

03 

■■3 

29 

51 

79 

no  MS 

]*_* 

220|  2S'S 

295 

3$° 

301 

3»9 

411 

4^7 

437 

44-0 

44 

46 

a 

*"3 

14 

3i 

54 

02 

115  15-1 

I9*c 

23  ^  *7  0 
24 0  2S2 

1 

309 

345 

37"8  40*6 

429 
45S 

44b 

457 

4bo 

46 

« 

0 

04 

14 

3'J 

5* 

S-6 

120  158 

198 

320 

35o 

39  4!  42*4 

446 

47* 

480 

48 

80 

0 

04 

12 

3  3 

rc 

*9 

12  5  174 

207 

35  0  29  5 

33'6 

222 

411I44  1 

467 

48  J 

496 

50c 

50 

TABLE  17 

• 

ARC. 

o 

H.M. 

/ 

M.S 

m 

& 

• 
1 

* 

3 
4 
6 
6 
7 
8 
t 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

o  o 
o  4 
o  S 

O  12 

o  16 

O  20 

024 
oaS 

o  36 
0  40 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0  n 

0  4 
0  8 
0  12 
0  16 
0  20 
0  24 

O  tt 

O  36 
O  40 

0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

O'OO 

C07 

013 

0*20 
0*27 
0'33 

C40 

0-47 

o-6o 
0-67 

0  56 

1  0 

:  t 

t  12 
t  16 
1 20 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0  44 
048 
0  51 

0  56 

1  0 

*  4 
1  8 
1  12 
1  16 
I  20 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0-73 
o-fto 

o-*7 
0-93 

I'OO 

1*07 
113 
1*20 
1-27 
»'33 

30 
40 
50 
60 
70 
80 
90 
100 

no 

120 

2  0 

2  40 

3  *° 

4  0 
440 

11 

6  40 

7  20 
S  0 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

«  *4 
1  it 

1  40 

1  44 
14* 

\H 

2  0 

21 
22 
23 
-24 
25 
26 
27 
28 
29 
30 

140 
>'47 

1*7 

»-73 
180 
t-87 

*"93 
2*00 

130 
140 
150 
160 
170 
180 

8  40 

9  20 
10  0 

10  40 

11  20 

12  0 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

*  4 
2  S 

2  12 
2  16 
2  20 
2  24 
2  28 

HI 

2  40 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

2-07 
213 
2*20 

2««7 

**33 
2-40 

*'47 

as 

**7 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

:s 

3  ° 
3  4 
3  * 
3 ,a 
3 ,6 
3  20 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

»73 
2-So 

***7 
**93 
3"°° 
3-07 

3»3 

3*20 

3'*7 
?*33 

61 
52 
53 
54 
5ft 
86 
If 
M 
H 

3  *4 
3  ** 

3  ^ 
3  3« 

3  40 

3  44 

34* 

51 
52 
53 
54 
55 
56 
57 
58 
59 

3*40 
3|47 

yio 

3*7 

3-73 
3*80 

3*7 
3*93 

TABLE  18 


04? 


TIME. 

i 

0 

M. 

0  / 

8. 

/  * 

10* 

« 

0 

0 

0  0 

0 

0  0 

o*o 

0*0 

»5 

1 

0  15 

1 

0  15 

O'l 

»-S 

30 

2 

0  30 

2 

0  30 

0*2 

3-0 

45 

3 

0  45 

3 

0  45 

0*3 

U 

60 

4 

1  0 

4 

1  0 

0-4 

75 

ft 

1  »S 

ft 

"  «5 

U 

rs 

9° 

8 

1  30 

6 

1  30 

9-0 

105 

7 

1  45 

7 

«  45 

2 

105 

120 

8 

2  0 

8 

2  0 

I2'0 

«3S 

9 

*  »5 

9 

*  15 

0-9 

■vs 

10 

150 

18 

*  30 

10 

2  30 

1*0 

'5"0. 

165 

11 

*  45 

11 

*  45 

180 

12 

3  0 

12 

3  ° 

*95 

13 

3  15 

13 

3  1$ 

210 

14 

3  30 

14 

3  3« 

**5 

16 

3  45 

1ft 

3  45 

240 

16 

4  ° 

16 

4  ° 

*55 

17 

4  15 

17 

4  IS 

270 

18 

4  30 

18 

4  30 

285 

19 

4  45 

10 

4  4S 

20 

300 

20 

5  ° 

20 

5  0 

21 

3*5 

21 

5  *S 

21 

S  «S 

2t 

33o 

22 

5  30 

22 

5  30 

88 

**$ 

23 

5  45 

23 

i  +* 

94 

360 

24 

6  0 

24 

6  0 

25 

6  15 

6  30 

26 

20 

6  15 

6  30 

*7 

*  45 

27 

*  4$ 

28 

7  0 

28 

1    0 

29 

1   *S 

29 

1  'S 

30 

7  30 

30 

7  30 

31 

7  45 

31 

7  45 

82 

2  0 

82 

8  0 

33 

8  15 

38 

8  15 

94 

2  30 

34 

8  30 

85 

*  45 

3ft 

•  45 

36 

9  ° 

36 

9  ° 

37 

9  «5 

37 

9  >5 

38 

9  30 

38 

9  3© 

89 

9  4S 

39 

9  45 

40 

10  0 

40 

10  0 

41 

10  15 

41 

to  15 

42 

10  30 

42 

10  30 

43 

10  45 

43 

1045 

44 

11  0 

44 

it  0 

45 

11  15 

46 

11  15 

46 

11  30 

46 

11  30 

47 

»«  45 

47 

««  45 

48 

12  0 

48 

12  0 

49 

12  15 

49 

12  15 

10 

12  30 

50 

12  ?o 

61 

"45 

Al 

»*  4S 

52 

13  0 

62 

13  0 

53 

«3  *5 

53 

«3  IS 

54 

13  30 

04 

13  30 

55 

»3  45 

ftft 

'J  45 

68 

14  0 

56 

14  0 

57 

H  15 

87 

«4  »S 

58 

14  30 

68 

1430 

59 

»4  4S 

69 

"4  45 

«48 

TABLE  19 

CORRECTION  OF  THE  SUN'S  DECLINATION  AT  NOON,  AT  SEA, 

r»R  LONGITUDE  AND  TOR  TIME 

£  I   .                                                          Declination 

Time 

J|r 

r 

4°f  r 

nio°j  w°  i4o|ie°ir 

,        1       -          —                   t HOW 

18°  10°  MP  81°  814°  M°  MJ°|8^28ic  Noun 

o> 

</ 

©' 

o' 

o' 

or  |  <t 

0       0    1 0 

0' 

O'   Iff     0' 

©' 

©' 

•y 

</ 

0'  |o' 

0>  0- 

it 

°"7 

0*7 

o'7 

o*6 

o*6    b-6 

o*6  0*5  0-5 

05 

o-4Jo*4Jo-j 

o*6 

o*|  ©> 

©•a 

o*a|  o*  1 

0  40 

so 

■"3 

-3 

«'3 

"*3 

ra '  ra 

1*1    i-o 

1*0 

0-9 

0-9  o*8 

0*7 

0*6 

°*s 

0*6 

0-3 

o*a 

1  80 

ao 

a-o 

a*o 

3 

'9 

iS    i*8 

1-7   16 

»'5 

3 

«*3 

f» 

i*o 

09 

o*8 

0*7 

0-4 

0-3 

8    0 

40 

a*4 

a*6 

»*s 

**5,  *'4 

»*3  a-i 

a*o 

"*7 

1*6 

«*4 

i*a 

i*o 

0*9 

oi 

0*5 

o*4 

8  40 

60 

3*3 

3'3 

3*3 

3*2 

j-i    3-o 

2*8  2*7 

**4 

3 

a*  1 

1*0 

»*7 

3 

3 

i*i 

i*o 

o*6 

0*4 

3  M 

10 

» 

r2 

3*9 

r« 

3*7!  3* 

3*4' 3-* 

**9 

a-6 

%'fi 

!•! 

»'4 

i*a 

o-8 

°"5 

4    0 

70 

f* 

4-5 

4*5 

4'3|  4* 

4*o  3*7 

3*4 

3'* 

3*o 

it 

*4 

a*i 

1*8  16 

-'4 

o*oi 

o*6 

4  40 

80 

5'* 

$* 

5« 

5"' 

5-o|  4-8 

4'5  4* 

3'9 

37 

34 

3? 

a*8 

*'4 

a*i 

""9 

1*6  i"0| 

0*7 

6  80 

90 

*? 

59 

5* 

5*7 

S*l  54 

5*i!4*g4*4 

4i 

3'9 

30 

3** 

a-7 

**4 

a*  1 

i*8 

i*i 

o-8 

8    0 

100 

«-5 

•5 

"^4 

6*3 

6a 

}  60 

g 

5-3|4-8 

5*9  53 
1-2  58 

7* 

3 

39 

3* 

30 

**7 

*3 

a*o 

-3 

09 

6  40 

110 

7-* 

7'* 

7#i 

7*o 

6*8 

6*6 

$0 

4'3 

39 

>:5 

3© 

a*cl  a*a 
a*i|  a*4 

•'4 

09 

780 

120 

7*8 

7** 

7-7 

7"o 

Z*4 

r* 

5$ 

s* 

4*7 

3 

3*a 

3 

i*o 

8    0 

190 

*5 

*S 

*'4 

8»1 

8*o 

7'8 

r4 

7*d  6*a 

S 

I'6 

6*o 

5» 

3*9 

3 

3-d  a*6 

i*i 

8  40 

140 

*'I 

Q'l 

o*o 

*9 

8-7 

8-3 

8*o 

7*5  **7 

5'5 

So 

4* 

3*3   *'8 

•8 

t'a 

0  20 

100 

9-S 

9< 

9'7 

95 

9*3 

9*0 

8-5 

g*oj7-a 

6.5 

i'9 

5*3 

4*4l 

4** 

3'fl  3'o 

-'9 

"•J 

10     0 

100 

io«5 

10*4 

io*3 

IO*» 

9*9 

96 

9'i 

S-6J7-7 

7-J|0*9 

57 

4*7 

a 

3*7   3'* 

a*o 

»*4 

10  40 

170 

ii*i 

li'i 

n°o  io*8 

10*5 

io*a 

9*7 

9*1  g*a 

7'»l7-4 

6-7 

60 

5'« 

4^  3'4 

a*a  i* < 
a-J  i*6 

il  80 

180 

it*S 

l**7 

n*6  It  i*4 

it'i 

io*3 

10*3 

9^8*8 

8-3|r9 

7'» 

H 

55 

4*9 

4-3  3« 

18    0 

In  W.  Long 

In  E.  Long. 
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TABLE  20 

CORRECTION  OP  THR  EQUATION  OF  TIME,  AT  NOON,  AT  SEA 

* 

Ti 

)R  LONGITUDE  AND  TOR  TIME 

,• 

Daily  Variation 

Tmm 

1 

. 

from 

0« 

a»    4> 

P 

9 

10- 

18- 

u- 

10- 

18* 

SO* 

88* 

84* 

80- 

88»l3* 

Noon 

0° 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0    1   0 

0*-  0- 

10 

0 

O'l 

0*1 

o*i 

0*2 

o*3 

°*3 

0-4 

0-4 

0*5 

06 

o-6 

0*7 

0-7 

o*8J  o«8 

0  40 

80 

0 

o*i 

o*a 

0*3 

04 

06 

0*7 

o-8 

09 

1*0 

i*i 

i*a 

"'3 

•'4 

r$J  i*7 

1  M 

SO 

0 

o*a 

o*3 

o*5 

0*7 

o-8 

I'O 

i*a 

:i 

«'$ 

1-7 

i*8 

a*o 

a*a 

*'3,  *'5 

2    0 

40 

0 

o*a 

3 

0*7 

0*9 

11 

•#3 

r6 

a*o 

a*a 

**4 

a*7 

2*0 

3'>    3'3 

2  40 

50 

0 

o*3 

o*8 

i*i 

•*4 

•*7 

»*9 

a*a 

>'5 

a-8 

3- 

3*3 

30 

3*9    O 

8  W 

00 

0 

0*3 

0*7 

I'O 

it     1-7 

a*o 

a*3 

a*7 

3*o 

3*3 

3*7 

4*0 

41 

4*7    5'c 

4     0 

70 

0 

04 

o*8 

i*a 

1*6 

,#9 

*#3 

*"7 

ri 

3*5 

39 

4'3 

4*7 

5*" 

ft 

5*8 

4  40 

80 

0 

o> 

09 

**3 

x-8 

a*a 

*'7 

3« 

3* 

40 

4*4 

4*9 

5*3 

fg 

••7 

A  20 

90 

0 

0$ 

10 

•*5 

a*o 

*'5 

3® 

3*5 

4-0 

4*5 

5*o 

5'5 

60 

o-5 

70 

7*4 

f»    0 

100 

0 

o*6 

i*i 

**7 

a*a 

a*8 

3*3 

39 

44 

S'° 

r6 

61 

6*7 

7*a 

7'8 

8-3 

8  40 

110 

0 

06 

i*i 

1*8 

a*4    3*i 

37 

43 

49 

f5 

61 

6-7 

73 

r9 

8*6 

9*2 

7  *> 

120 

0 

07 

T3 

2*0 

a-7 

33 

4*0 

4*7 

U 

60 

6'7 

7'3 

8*o 

8-7 

9*3 

lO'O 

8    0 

ISO 

0 

0*7 

3 

a#a 

*#9 

3*6 

4*3 

5" 

6'5 

7'* 

r1 

8-7 

9*4 

10*1 

io*8 

8  40 

140 
150 

100  1 

© 

o*S 

**3 

3'^ 

3*9 

4*7 

5*4 

6*a 

7*o 

7'8 

8-6 

9*3 

IO*I 

10*9 

11*7 

9  80 

0 

o*8 

i*7 

*'5 

3'6 

4* 

SO 

g 

6'7 

7*5 

83 

9-2 

io*o 

10*8 

ij-7 

12*5 

10  10 

0     0*9 

II 

»*7 

4*4 

5*3 

7'» 

8*o 

8? 

9'8 

10*7 

u*6 

ia*4 

>3-3 

10  40 

170 

0     0-9 

«"9 

a*8 

3-8 

4'7 

11 

6  6    7*0 

8-5 

94 

10*4 

n*3 

ia*3 

i3*a 

i4*a 

II  20 

189   f 

0    j  I'O 

a#o 

3*o 

4*0 

r-> 

7-o|8*o    9-0 

io*o 

11*0  ia*o 

13*0 

14*0 

150 

12    0 

In  W.  Long.                                     1                   In  E.  Long. 
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dd. 

For  'lime,  when  the  Equat.  in  mcreatinz,  mitt ,  when  the  Kquat.  is  decreasing,  tsitfc. 
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TABLE  21 


64» 


FOR  REDUCING  DAILY  AND  TWELVE- HOURLY  VARIATIONS 

Inter. 
34* 

Ibtmv 
18* 

Vtristita  in  84*  or  in  IS* 

r 

2* 

* 

4' 

5 

0" 

30" 

0" 

30" 

0" 

30" 

<>' 

!      jjpr, 

r 

30" 

0*  0» 

80 
1    0 

80 
8    0 

30 
8    0 

30 
4    0 

30 

0*  0» 
16 
30 
46 

1     0 
16 
30 
46 

3    0 
16 

o'  o" 

O      1*2 

o   2*5 

o    37 

O     6*2 

o  rs 

e    1-7 

O  IO 
O  III 

0'   0" 
0     1*9 
0    3*7 
0    5*6 
0    7*5 
0    9*3 
0  11*2 
0  13*1 
0  15 
0  i6*8 

0*  0" 

0    25 
0    5 

0  rs 

0   IO 

0  12*5 
0  15 
0  17*5 
0  20 

O  22*5 

0'    0" 
0    3*1 
0    6*2 
0    9*4 

O    12*5 

0  15*6 
0  18*7 
0  21*9 
0  25 
0  28*1 

o'    0" 

0     37 
0    7*5 
0  11  2 

0  i8*7 
0  22*5 
0  26*2 
0  30 

0  337 

0'    0" 
0    4*4 
0    8*7 
0  13*1 
0  17*5 
0  21*9 
0  26*2 
0  30*6 
0  35 
0  39*4 

0'    0" 
0     5 

0    IO 

0  15 
0  20 
0  25 
0  30 
0  35 
0  40 
°  45 

o7    0" 
0    5*6 

O    11*2 
O    16*9 

O  21*5 

0  28*1 
0  33*7 
0  39*4 

045 
0  50*6 

o'   0" 

O      6*2 

0  12*5 
0  18*7 
0  25 
0  31*2 
0  37*5 
0  43*7 
0  50 
0  56*2 

C    0" 
0    6*9 
0  13-7 
0  20*6 
0  27*5 
0  34*4 
0  41*2 
0  48*1 

0  55 

1  j*9 

6  0 
SO 

•    0 
30 

7  0 
10 

8  0 
30 

0    0 
30 

30 
46 

3  0 
16 
30 
46 

4  0 
16 
30 
46 

O    12*5 

o  137 
o  16*2 

o  %rs 

o  18*7 
o  20 

O  21*2 
O  22*5 

o  2r7 

0  18*7 
0  20*6 

O  22*5 

0  24*4 
0  26*2 
0  28*1 
0  30 
0  31*9 

0  337 
0  356 

O  25 

0  27*5 
0  30 
0  32*5 
0  35 
0  37'5 
0  40 
0  42*5 
045 
0  47'5 

0  31*2 
0  34*4 
0  37*5 
0  40*6 

0  43*7 
0  46-9 
0  50 
0  531 
0  56*2 
0  59*3 

0  37*5 
0  41*2 

0  45 
048*7 
0  52*5 

0  56*2 

1  0 

1     37 
1     7'5 
1  11*2 

0  437 
0  48*1 
0  52-5 

0  56*9 

1  1*2 
1     56 

1    IO 

1  144 
1   18*7 
1  23-1 

0  50 

0  55 

1  0 

1     5 

I    IO 

"  *S 
1  20 

•  2, 

1  30 

»  35 

0  56*2 

1  1*9 

«     7*5 
1  13-1 
1  18-7 
1  244 
1  30 
1  35-6 
i4«-2 
1  469 

1    2*5 
1     87 

1   15 
1  21*2 
1  27*5 

«  337 
1  40 
1462 
1  525 
f  5*7 

1     8*7 
1   15*6 

1    22'5 
I    294 
I    36*2 

1  43*1 
1  50 

1  569 

2  37 
2  10*6 

10  0 
30 

11  0 
30 

18    0 
30 

IS    0 
30 

14    0 
30 

6    0 
16 
30 
46 

6  0 
16 
30 
46 

7  0 
16 

0    2< 

o  26*2 

0  27-5 
0  28*7 
0  30 
0  31*2 

0  325 

0  33*7 

°  3I 
0  36-2 

0  37*5 
0  394 
0  41*2 

0  43* 

0  469 
0  48*7 
0  50*6 
0  52*5 
0  54*4 

0  50 
0  52-5 
0  55 

0  57*5 

1  0 

1    25 
«    5 
1    7'5 

I     IO 

1   125 

1     24 
1     56 

«     *7 
1  u-8 

1  »5 

1  i8*i 
1  21*4 
1  244 

I    27*| 

I  30*6 

«  «5 

1   iS-7 

I   22*5 
I    26*2 
I    30 

«  337 
1  37*5 
1  41*2 

«  45 
1  4*7 

»  *7*5 
1  319 
1  362 
1  40*6 
«  45 
•  49'4 
«  537 

1  58-1 

2  69 

1  40 

1  45 

1  50 

«  55 

2  0 

2    5 

2    IO 

2  '5 

2  20 
2  25 

1  525 

1  581 

2  37 
2    94 

2  20*6 

2   26*2 

2  3' 9 

2  375 
2  43'  1 

*    5 

2    11*2 

2  I7'5 

2  23*7 

1 32 

2    36*2 

2  42-5 

2   48-7 

2  55 

3  1*2 

2  I7'5 
2  24*4 
2  31*2 
2  38*1 
2  45 

2  5»*9 
258*7 

3  5*6 
3  >2*5 
3  19-4 

16    0 

80 

16  0 
30 

17  0 
30 

13    0 
30 

10    0 
SO 

30 
46 

8    0 
15 
30 
45 

0    0 
15 
30 
45 

0  37-5 
0  38*7 
0  40 
0  41*2 

0  425 

0  437 

°4! 
0  46*2 

°  47*5 
0  48*7 

0  56*2 

0  58*1 

1  0 

1     i*9 

:  $ 

1   rs 

1     93 
1   11*2 
1  13*1 

«   "5 
1  175 
f  20 

1    22*5 

*  25 

1  27*5 
1  30 
1  32- 5 

«  35 
«  37-5 

1  33-7 
1  36« 
1  40 
1  43*  1 
146* 

«  49*3 
1  525 

1  556 

1  587 

2  19 

1  52-5 

1  56'2 

2  0 

*  37 
2     7*5 

2    11*2 

*  15 

2  18-7 
i  26*2 

2  11*2 

*  156 

2  20 
2  24*4 
228*7 
2  33*i 

*  37*5 
2  41*9 
2  46*2 
2  50#6 

2  30 
2  35 
2  40 
2  45 
2  50 

2  55 

3  0 
3     5 
3  ■« 
3  15 

2  487 

2  54'4 

3  °< 
3     56 

3    11-8 

3  169 

3    22*5 

3  28*1 
3  337 
3  39*4 

3     7*5 
3  '37 
3  20 
3  262 
3  3J-5 
3  38-7 
3  45 
3  5«*2 

3  57*5 

4  3*7 

3  26*2 
3  33"' 
3  40 
3  4**9 

3  537 

4  o*6 

4    7*5 
4  M4 
4  21*2 
4  28- 1 

to   0 

30 
21     0 

30 
28    0 

30 

23  0 
30 

24  0 
30 

10  0 
15 
30 
45 

11  0 
15 
30 
46 

18    0 
15 

0  50 
0  51*2 
0  52*5 
°  5V7 
0  55 
0  56*2 

©  57*5 

0  587 

1  0 

I       1*2 

1   187 
I  20*6 

I    22*5 
I    244 
I    26*2 
I    28*1 
I    30 
I    31*9 

I  40 
1  42*5 

«  45 
«  47' 5 
'  50 

1  52*5 

«  55 

«  57*5 

2  0 

2    2*5 

2     5 
2    8*1 

2    11*2 

2  143 
2  17*4 
2  20*6 
2  23*7 
2  268 
2  30 
2  33*1 

2  30 
*  337 
2  37*5 
2  41*2 

2  45 
2487 
2  525 

2  56-2 

3  ° 

3     37 

*  55 

*  59*4 
3     37 
3    *'i 
3  i**5 
3  16*9 

3   21*2 

3256 
3  30 
3  34*4 

3  20 
3  25 
3  30 
3  35 
3  4o 
3  45 
3  50 

3  55 

4  0 
4     5 

3  5°'« 

3  5*2 

4  «*9 
4    7'5 
4  131 
4  i*7 
4  24*4 
4  30 

4  35* 

4  IO 
4  16*2 
4  22*5 
4  28*7 
4  35 
4  41*2 
4  47'5 

4  537 

5  ° 

5    6#2 

4  35 
4  4>'9 
4  48  7 

4  5$-* 

5  2*5 

5    9'4 

5    1 6*2 

5  23* « 

5  32 
5  3*9 

26    0 
30 

26  0 
30 

27  0 
30 

28  0 
30 

10    • 

30 

90    0 

30 
46 

13  0 
15 
30 
46 

14  0 
16 
30 
46 

15  0 

i    2*5 

»     3*7 
1     5 

I      6*2 

«   rs 

1     8*7 
1  10 

1    fl'2 

1  ia*5 
1  ij*7 
t  »5 

»  337 
1  356 

>  37*5 
1  39*4 
1  41*2 

1  43* « 

1  469 
1  4**7 
1  50*6 
1   525 

2    5 
*     7*5 
2    IO 
2    12*5 

*  15 

*  irs 
2  20 

2  22*5 

2  *5 

2  27*5 
2  .30 

2  36*2 

*  39*4 
2  4*-s 
2  45-6 
2  48*7 
2  51*9 

*  55 

2  58*1 

3  1-2 

3    43 

3     7*5 

3     7*5 
3  11*2 

!*, 

\«\ 

3  30 
3  337 
3  37*5 
3  4m 

3  45 

3  3*7 
3  43" « 

3  47#5 

3  5"'f 
356*2 

4  o*6 
4    5 
4    9*4 

J  IK 

4***5 

4   IO 

4  15 

4  20 
4*5 
4  30 
4  35 
440 
4  45 
4  50 

4  55 

5  0 

441-2 
446*9 

4  5J-5 

4  5*#i 

5  37 
5    9'4 

5  20*6 
5  26*2 
5  3«*9 

5  37*5 

5  J»*5 
5  18*7 
5  »5 
5  3»*2 
5  37*5 
5  43'7 
5  50 

5  5*',2 

I  U 

6  15 

5437 

5  5°'6 

5  5*"*5 

6  4*4 

6    11*2 

6  i8»i 
6  25 
6  319 

i*i 

6  i-5'6 
6  52-5 

610 


TABLE  21 




FOR  REDUCING  DAILY 

AND  TWELVE  HOURLY  VARIATIONS 

Vamtfon  ia  24*  or  in  12* 

later- 
al 

34* 

later- 
rml 
12* 

6 

* 

r 

8 

1' 

y 

\v 

0" 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

r 

88* 

o*  fl- 

8* 0- 

<f    d" 

0'    0" 

0'  0" 

o'  0" 

0'    0" 

0'    0" 

0'  0" 

0'    0" 

0'  0" 

&   0" 

at 

16 

o    7-5 

0    8*1 

0    8-7 

0    9*4 

0  10 

0  106 

0  11*2 

0  11*9 

O    12*5 

0  1  j*  1 

l  • 

30 

o  15 

0  16*2 

0  17-5 

0  i8'7 

0  20 

O  21*2 

O  22*5 

0237 

0  *5 

0  26' 2 

30 

1      45 

O  22'5 

0  24*4 

0  26*2 

O  22*1 

0  30 

0  3*'9 

0  33-7 

0  35*6 

0  37-5 

0  39*4 

2    0 

1     8 

o  30 

0  3*$ 
0  40*6 

0  35 

0  37*5 

0  40 

0  42-5 

0  45 

0  475 

0  50 

0  52-5 

90 

15 

0  37*5 

0  43*7 

0  46-9 

0  50 

0  53-1 

0  562 

0  59*4 

I      1'5 

1     56 

3    0 

30 

0  45 

048-7 

0  525 

0  56*2 

1     0 

*     3*7 

»     7*5 

1  112 

*  «5 

1  18*7 

90 

45 

0  52-5 

0  56-9 

1     1*2 

1     56 

1  to 

1  14-4 

1  18-7 

1  23  1 

1  *7*5 

1  31*9 

4    0 

2    0 

1    0 

>     5 

1  10 

«  «5 

1  20 

1  25 

1  30 

1  35 

1  40 

>  45 

90 

15 

»     7*5 

1  13-1 

1  187 

1  24-4 

1  30 

1  356 

1  412 

14*9 

1  52-5 

1  58*1 

6    0 

30 

«  >S 

1    21*2 

I    2p 

»  337 

1  40 

,46* 

1  525 

1  58.7 

*     5 

2     11*2 

30 

45 

I    22*5 

I    294 

I    36* 

1  43-1 

1  50 

1  56-9 

2     3-7 

2  10*6 

2  175 

2    244 

8    0 

3    0 

I    30 

«  37'5 

'  45 

1  5**5 

2    0 

*    7*5 

*  J5 

2   22'5 

2  30 

*    37-5 

80 

15 

«  375 

1  45-6 

«  53*7 

2     1-9 

2  10 

2  i2-i 

2  262 

*  34*4 

2  425 

2    50-6 

7   o 

30 

«  45 

»  53'7 

2    2-5 

2    11*2 

2  20 

2  28*7 

*  37'5 

2462 

*  55 

3     3-7 

30 

45 

1  52-5 

2     19 

2    11*2 

2   20'6 

2  30 

*  39*4 

*48'7 

2  581 

3    7*5 

3  «*9 

8    0 

4     0 

2    0 

2  10 

2   20 

2    30 

2  40 

2  50 

3    0 

3  10 

3  20 

3  30 

30 

15 

2    7*5 

2  181 

228-7 

:s* 

2  50 

3    o-6 

3    11*2 

3  *«'9 

3  3*5 

3  43*  1 

9    0 

30 

*  »5 

2  26*2 

*  37-5 

3    ° 

3    11*2 

3  »*'5 

3  337 

3  44 

3  5** 

30 

45 

2  22'5 

*  344 

2462 

258-1 

3  "> 

3  *l'9 

3  33'7 

3  45*6 

3  57*5 

4    9*4 

10    0 

5    0 

2    30 

2  425 

*  55 

3    7'5 

3  20 

3  3*'5 

*  45 

3  57*5 

4  IO 

422-5 
4  35'* 

30 

15 

*  37'5 

2  50*6 

3     3'7 

3  '^'9 

3  30 

3  43*« 

3  5*'* 

4    9'4 

4  m#5 

11     0 

30 

*  45 

.  jS-7 

3  i*'5 

3  26-2 

3  40 

3  53*7 

4   Vs 

4  21*2 

4  35       4  487 

SO 

45 

2  52-5 

3    6*9 

3    21*2 

3  35'* 

S  So 

4    44 

4  i8-7 

4  33-» 

4  47*5 

5     «*9 

12    0 

6    0 

3    ° 

3  «5 

3    32 

3  45 

4    ° 

4  15 

4  30 

X% 

5    0 

5  >5 

30 

15 

3    7*5 

3  *3» 

3  3«'7 

3  54'4 

4  lo 

4  *5°6 

4  4«'» 

5  «*5 

5  281 

13    0 

30 

3  »5 

3  3»* 

3  47'5 

4    3*7 

4  20 

4  36** 

4  5*'5 

5     8-7 

5  *5 

5  4>* 

30 

45 

3  ***5 

3  39*4 

3  5*2 

4  «3-> 

4  30 

4  4*9 

5     3*7 

5  20*6 

5  37  5 

5  54'4 

14    0 

7   8 

3  30 

3  47"5 

4    5 

4  22-5 

440 

4  57*5 

\\U 

5  3**5 

5  50  1  6   rs 

30 

15 

3  37-5 

3  55* 

4  »3'7 

4  31-9 

4  jo 

5    8*i 

5  444 

6    2*5    6  20*6 

15    0 

30 

3  45 

4    3*7 

4225 

4  41-2 

5    0 

5  it'7 

5  37*5 

5  5** 

6  15       6  33.7 

30 

45 

3  5**5 

4  »<*9 

4  312 

4  5°*6 

5  10 

5  *9*4 

5  48-7 

6    8M 

6  27*5    6  469 

16    0 

8    0 

4    ° 

4  20 

4  40 

5    ° 

5  20 

5  4o 

5    0 

6  20 

6  40  *    7    0 

80 

16 

4    7*5 

4  28*1 

4  4*7 

5    9*4 

5  30 

5  5°** 

6  11*2 

6  3 19 

6  52-5    7  13-1 

17    0 

30 

4  «5 

4  36* 

4  57-5 

5  i8'7 

5  40 

0      I»2 

6  225 

•  43'7 

7     5 

7  26*2 

30 

46 

4  "'5 

4  444 

5      6*2 

5  22' 1 

5  50 

6  119 

«  33'7 

6  55-6 

7  »7'5 

7  39*4 

18    0 

0    0 

4  30 

4  5*5 

5  o'b 

5  »5 

5  37*5 

0    0 

6  22-5 

54l 

7    7'5 

7  3o 

7  5*'5 

30 

15 

4  37'5 

5  *3*7 

5  4^9 

6  10 

6  331 

6  56-2 

7  «9#4 

7  4*'5 

8     5*6 

8  |8-7 

10    0 

30 

4  45 

5    8*7 

5  3**5 

5  5** 

6  20 

*  43*7 

7    7'5 

7  3«*» 

Z  55 

30 

45 

4  5**5 

5  '6*9 

5  4«* 

6    y6 

6  30 

*  544 

7  18-7 

7  43*1 

8    7*5 

8  3»*9 

30    0 

10    0 

5    ° 

5  *5 

5  5«> 

6  15 

6  40 

7    5 

7  30 

7  55 

8  20 

8  45 

30 

15 

5    7*5 

5  33'» 

5  5«*7 

6  24-4 

6  50 

7  15-6 

7  4«*» 

8    7*9 

8  3»'5 

8  5S1 

II     0 

30 

5  «5 

5  4«* 

6    7-5 

*  33*7 

7    0 

7  26*2 

7  5**5 

8  18-7 

844 

9    11*2 

30 

45 

5  »'$ 

5  494 

6  162 

6  43M 

7  JO 

7  3*9 

8     3-7 

8  30-6 

8  57*5 

9  *4-4 

22    0 

11     0 

5  30 

5  575 

6  25 

6  52-5 

7  20 

7  47*5 

!  ll 

8445 

9  10 

9  37*5 

30 

15 

5  37'5 

6    56 

«  33'7 

7     »'9 

7  30 

Z5!*1 

8  20*2 

8  54*4 

922-5 

9  $0* 

S3    0 

30 

5  45 

6  13-7 

6  42-5 

7    11*2 

7  40 

8    8-7 

8  37-5 

9     6*2 

9  35 

10    3*7 

30 

45 

5  5*5 

6  219 

6  512 

7  20*6 

7  50 

8  19*4 

8487 

9  18-1 

9  47*5 

10  16*9 

24    0 

12    0 

•    0 

6  30*5 

7    ° 

7  jo 

8    0 

8  30 

9    ° 

9  3o 

10    0 

10  30 

30 

15 

6    7-5 

6  32-1 

7    *'7 

7  3*4 

8  10 

8  40*6 

2    H'2 

9  4>*9 

IO    12*  C 

1043-1 

25    0 

30 

6  15 

6462 

7  «7'5 

7  48-7 

8  20 

8  512 

9  *»'5 

9  51*7 

■0  25 

10  58*2 

30 

46 

6  22-5 

«  544 

7   20*2 

7  581 

8  30 

9     «#9 

9  33*7 

10    5*6 

«o  27-5 

it    9-4 

n  o 

13    0 

6  3D 

7    **5 

7  35 

5  Vs 

8  40 

9  125 

9  45 

10  %rs 

10  50 

II   22*5 

11  3}-€ 
11  4*7 

30 

15 

f  37'5 

7  to*6 

7  43*7 

8  i6*9 

8  50 

9  *3#» 

9  5** 

10  29*4 

11    2-5 

27    0 

30 

6  45 

7  18-7 

7  5*5 

8  26*2 

9    0 

9  33*7 

10    7°5 

10  41-2 

II  15 

30 

45 

6  5*' 5 

7  26*9 

8      .*2 

8  35* 

9  10 

9  444 

K>  187 

10  531 

11 2r5 

12     1*9 

28    0 

14    0 

7    ° 

7  35 

2  10 

*  45 

9  20 

9  55 

10  30 

11  16*9 

II  40 

12    IC 
12   22*1 

30 

15 

7    7'5 

7  43*i 

8  18-7 

*  54*4 

9  30 

10    5.6 

10  41*2 

11 525 

30 

38 

7  *5 

7  5>* 

8  27-5 

9    3*7 

9  40 

10  162 

10  52- 5 

ti  28*7 

«*    5 

12  41*2 

45 

7  "'5 

7  59'4 

8  36'* 

9  «3« 

9  50 

10  26*9 

"     3*7 

n  40*6 

12  I7'5  1*  54*4 

it    8 

16    0 

7  30 

8    7'5 

8  45 

9  «*5 

10    0 

10  37-5 

11  15 

11 525 

12  30     13     7-5 
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FOR  REDUCING  DAILY  AND  TW£LV£.HOURLY  VA  RUT  IONS 

later- 
r.l 
24* 

Inter- 

T.I 
11* 

Variation  in 

24*  or  in  If* 

ir 

12* 

l* 

14 

15' 

* 

30" 

<r 

30" 

•" 

30" 

•" 

30" 

0"     j    W 

•*•• 

0*  0- 

o'   o" 

0'   0" 

d   o" 

0'    0" 

0'   0" 

0'   0" 

0'  0" 

0'   0" 

&  0"     0'   0" 

30 

15 

o  137 

0  14-4 

0  15 

0  15*6 

0  i6-a 

0  16*9 

0  I7'5 

0  18*1 

0  187 

0  194 

1     0 

30 

0  17'5 

0  *8'7 

0  30 

0  3i-a 

0  3a-5 

0  33'7 

0  35 

0  36*1 

0  37*5 

0  38-7 

ao 

45 

0  41*1 

0  431 

o45 

0  469 

048-7 

0  50*6 

0  5*5 

0  544 

0  s6*a 

0  s8*i 

2   0 

1    • 

0  55 

0  575 

1    0 

1     a5 

1     5 

«     7*5 

1    IO 

1  ia< 
1  30*6 

1  15 

1  17-5 

90 

15 

1    87 

1  11-9 

«  »5 

1  iS-i 

1  ara 

1  a4-4 

1  17-5 

1  33*7 

1  369 

3    0 

30 

1  ia-5 

1  a6*a 

1  30 

»  337 

1  375 

1  41a 

«  45 

1  48-7 

1  sa-s 

1  s6** 

SO 

45 

1  36.* 

1  40*6 

»  45 

«  494 

i  53-7 

1  58-1 

a    a-5 

1  369 

a  ira 

a  15-6 

4    0 

2    0 

1  50 

1  55 

a    0 

*    5 

a  10 

*  15 

a  ao 

*  *5 

a  30 

*  35 

so 

15 

*    VI 

a    9-4 

a  15 

a  ao*6 

a  a6-a 

a  319 

*  37*5 

a  481 

a  487 

*  54*4 

ft    0 

30 

a  17-5 

a  23-7 

a  30 

a  36a 

a  4V5 

148-7 

*  55 

3     ra 

3    7-5 

3  137 

30 

45 

a  311 

a  38-1 

*  45 

a  51-9 

a  58*7 

3    5*6 

3  >*-5 

3  i9'4 

3  *6-V  3  33*1 

6    0 

3    0 

\% 

a  sa«5 

3    0 

3     7*5 

3  15 

3  ***5 

3  3o 

3  37-5 

3  45    !  3  5**5 

30 

15 

3    *9 

3  15 

3  *3« 

3  3«* 

3  39*4 

3  47*5 

3  556 

4    3*71  4  11*9 

7    0 

30 

3  ia-5 

3  ara 

3  30 

3  3«-7 

3  47*5 

3  56'* 

4    5 

4  13*7 

4  aa-s    4  3«** 

90 

45 

3  a6*a 

3  35-6 

3  45 

3  54*4 

4     3*7 

4  Hi 

4  *3'5 

4  31*9 

4  4i-a    4  so-6 

8    0 

4    0 

3  40 

3  5° 

4    0 

4  IO 

4  ao 

4  3o 

440 

4  50 

5    0    1  s  10 

30 

15 

3  53*7 

4    4"4 

4  »5 

4*5* 

4  36-* 

4  46-9 

4  57*5 

5    8*i 

5  187    5  *9*4 

0    0 

30 

4    7*5 

4  187 

4  30 

4  4'** 

4  5*5 

5     3'7 

5  15 

S  a6*a 

5  37-5 

5  48-7 

6  81 

30 

45 

4  ara 

4  33" 

4  45 

4  56-9 

5     87 

S  ao*6 

5  3**5 

5  44*4 

I  sf  •• 

10    0 

5    0 

4  35 

4  47'5 

5    0 

5  >*"5 

5  *5 

5  37*5 

6    7-5 

6  ao*6 

6,S 

6  *7*5 

30 

15 

4  4»-7 

5     «'9 

5  15 

S  a8*i 

5  4i* 

5  544 

*  33'7 

6  46*9 

II     0 

30 

5    *-5 

5  a6*a 

5  30 

5  43*7 

5  57-5 

6  137 

6  ira 

6  as 

6387 

6  sa5 

7    6-a 

30 

45 

5  i6i 

5  4°'* 

5  45 

5  59*4 

6  a8-i 

6  4*'5 

6  56-9 

7  ira 

7  *5*6 

12    0 

8    0 

5  30 

5  45 

6    0 

6  is 

6  30 

*  45 

7     0 

7  15 

7  30 

Z45 

SO 

15 

5  43*7 

5  59*4 

6  iS 

6  30*6 

6  462 

7     19 

7  I7'5 

7  33*  1 

7  487 

8    4*4 

13    0 

30 

5  57*5 

6  137 

6  30 

646a 

7    *#5 

7  18-7 

7  35 

7  5I-* 

I  P 

8  a37 

30 

45 

6  1  fa 

6  a8-i 

6  45 

7     i*9 

7  187 

7  35** 

7.5**5 

8    94 

8  a6*a 

8431 

14    0 

7   0 

n. 

6  4a*5 

7    0 

7  17*5 

7  35 

7  5*5 

8  10 

8  4j6 

8  45 

9    »-s 

30 

15 

6  569 

7  15 

7  33*" 

7  5«'» 

8    94 

8  *7*5 

9    3*7 

oaro 

15    0 

80 

6  5a-5 

7  ira 

7  30 

7  48-7 

8    7'5 

8  a6*a 

8  45 

9    3*7 

9  ***5 

9  4i* 

30 

45 

7    6a 

7*5*6 

7  45 

8    44 

8  a37 

8  43- 1 

9    as 

9  21*9 

941a 

10    0*6 

18    0 

8    0 

7  ao 

7  40 

8    0 

8  ao 

840 

9    0 

9  ao 

9  4o 

10    0 

10  ao 

30 

15 

7  33*7 

7  54'4 

8  is 

8  356 

8  562 

9  16*9 

9  375 

9  58i 

10  187 

10  394 

17    0 

30 

7  47*5 

8    87 

8  30 

8  si'* 

9  «-5 

9  33*7 

9  55 

10  162 

10  37'S 

10  587 

30 

45 

8    i-a 

8  a3«i 

845 

9    6*9 

9  *8*7 

9  50*6 

10  ia*s 

10  344 

10  56*a 

11  18*1 

18    0 

0    0 

\ll7 

8  37*5 

9    ° 

9  **'5 

9  45 

10    7*s 

10  30 

10  5a«s 

11  15 

«  37*5 

30 

15 

8  51-9 

9  »5 

9  38-i 

10     ra 

10  a4> 

10  47«s 

11  io*6 

11  33*7 

11  569 

19    0 

30 

S  41-5 

9    6a 

9  SO 

9  53'7 

10  17s 

10  41a 

11     5 

11  a87 

11  s*5 

ia  1 62 

30 

45 

«5«-» 

9  ao*6 

9  45 

10    9-4 

10  337 

10  58-i 

11  a3-5 

11  469 

ia  ii*2 

1*  35*6 

80    0 

10    0 

9  10 

9  35 

10    0 

10  as 

10  s<> 

11  i$ 

11  40 

ia    5 

ia  30 

ia  S5 

30 

15 

9  *3'7 

9  49*4 

10  is 

10  40*6 

11      6'2 

11  319 

11  57-5 

ia  a3*i 

1*  48-7 

13  H'4 

21     0 

30 

9  37*5 

::  xi 

10  30 

10  56*1 

11  aa*5 

11  487 

ia  is 

ia  4i*a 

13     7'5 

»3  33'7 

30 

45 

9  51'* 

10  45 

11  119 

11  387 

ia    s-6 

1*  3**5 

1*  59*4 

13  a6'a 

13  53*« 

n   0 

11     0 

::  j.7 

10  3a- 5 

11    0 

n  a7-s 

"  55 

ia  aa-s 

ia  so 

13  i7'5 

13  45 

14  i**5 

30 

15 

10  46-9 

11  15 

"  43*i 

ia  ira 

ia  394 

13    7'5 

13  356 

14    3*7 

14  319 

13    0 

30 

10  31*$ 

11     i*a 

11  30 

11  58-7 

ia  a7*5 

ia  S6-a 

13  as 

13  53'7 

14  aa-s 

14  $!•» 

30 

45 

10  4«-» 

11  156 

»  45 

1*  I4'4 

ia  437 

13  13-1 

13  4**5 

14  ii*9 

14  4i* 

15  10*6 

24    0 

12    0 

11        O 

ii  30 

ia    0 

ia  30 

13    0 

13  30 

14    0 

14  30 

15    0 

15  30 

30 

15 

«  >V7 

"  44*4 

ia  is 

1*  456 

13  i6-a 

«3  46-9 

14  i7'5 

14481 

15  187 

15  494 

85     0 

30 

11  a7«s 

11  5»-7 

ia  30 

13       1*2 

»3  3*5 

H    3*7 

H  35     15    6-a 

»5  375 

16    87 

30 

4ft 

11  41** 

ia  13-1 

1*  45 

X3    16*9 

13  48-7 

14  ao-6 

H  5*5  «5  *44 

15  56* 

16  a8*i 

38    0 

13    0 

::  5i7 

ia  a7*5 

13    0 

13  3**5 

H    5 

H  37"5 

iS  10 

16    O'O 

16  is 

-«4rs 

30 

15 

ia  41-9 

»3  15 

13  481 

14  2i*a 

H  544 

15  *7*5 

16  33*7 

17    6*9 

27    0 

30 

ia  aa«5 

ia  56a 

13  30 

14    3*7 

H  37*5 

IS  ira 

i|45 

16  187 

16  5a5 

17  a6*a 

30 

45 

12  36i 

13  io*6 

»3  45 

14  194 

»4  53*7 

IS  a8*i 

16    a*s 

16  36*9 

17  ira 

17  45*6 

28    0 

14    0 

ia  50 

13  *5 

14    0 

H  35 

15  10 

15  45 

16  ao     16  55 

17  30 

18    5 

30 

15 

13     3*7 

*3  39*4 

H  15 

14  50*6 

IS  *6*a 

•£  !"* 

16  375 

17  i3*» 

17  487 

18*44 

31    0 

30 

«3  »7'5 

*l  53*7 

14  30 

15    6a 

15  4*'5 

16 187 

16  5s 

17  jra 

18    rs 

"8  437 

30 

45 

13  3ra 

14    8*i 

H  45 

15  ii*9 

15  58-7 

16  356 

17  ia-5 

»7  49*4 

18  a6-a 

19    31 

.10    0 

15    0 

'3  45 

14  aa-s 

IS    0 

15  37*5 

16  15 

16  5**5 

17  30     18    7-5 

1845 

19  aa-5 

$bt 
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WOWL  REDUCING  DAILY  AND  TWfcLVfc. HOURLY  VARIATIONS 

Varatioa  ia  24*  or  in  18* 

latar- 
rml 
84* 

later- 
vat 
13* 

16' 

17' 

ltf 

19- 

20' 

o" 

30" 

0" 

30" 

0" 

w 

r 

w 

r 

*r 

o*  e- 

0*  0" 

o'  o" 

0'    0" 

0'   0" 

0'    0" 

0'   0" 

0'  0" 

4  0" 

0'   xT 

0  0" 

0'  or 

90 

18 

o  so 

0  20*6 

O  21*2 

0  21-9 

0  22*5 

0  23*1 

0  23-7 

0  244 

025 

0  »$-6 

1    • 

30 

o  40 

0  41*2 

O  425 

0  43'7 

0  45 

0  46*2 

0  47*5 

048-7 

0  50 

0  51-* 

30 

45 

1    0 

1     r9 

«     3*7 

1     56 

1     7-5 

1     94 

1    11*2 

1  131 

*  "5 

1   16  , 

3    0 

1     0 

1  20 

I    22*5 

1  %\ 

1  27-5 

1  30 

1  325 

«  35 

*  37*5 

1  40 

1  4*5 

90 

16 

1  40 

i  43- 1 

1  46*2 

*  49*4 

1  525 

1  55*6 

1  58-7 

2     19 

*    5 

2     Ii 

3    0 

30 

2    0 

*     3*7 

*     7*5 

2  11*2 

*  '5 

2  18-7 

2  22*5 

2  26*2 

2  30 

*  33"7 

30 

46 

2  20 

2  244 

2  28*7 

2  331 

*  37*5 

2  41*9 

2  46*2 

2  50*6 

*  55 

*   59*4 

4    0 

2    0 

2  40 

*  45 

2  50 

*  55 

3    0 

3     5 

3  -° 

3  "5 

3  *o 

3  *5 

30 

16 

,?    ° 

3     5* 

3    11*2 

3  «6*9 

3  22*51  3  2*'1 

3  33*7 

3  39*4 

3  45 

3   $0* 

6    0 

30 

j  20 

3  26*2 

3  3*5 

3  3**7 

3  45    j  3  5"** 

3  57*5    4     37 

4  »o 

4  1^*1 

JO 

46 

3  40 

3  4^9 

3  53*7 

4  10*6 

4     7*5    4  "4*4 

4  21*2 

4*81 

4  35 

4  419I 

6    0 

3    0 

4    0 

•4  rs 

4  15 

4  ***5 

4  30 

4  37*5 

4  45 

4  5*5 

5    ° 

5     7  5| 

30 

15 

4  20 

4  28*1 

4  36-2 

4  44*4 

4  5**5 

5     0*6 

5    **7 

5  «**9 

5  *5 

5  33"« 

7   o 

80 

4  ¥> 

4  4**7 

4  57'5 

5     ** 

5  -5 

5  *3*7 

5  3*5 

5  4i* 

I5° 

5  5*7 

30 

46 

5    0 

5    9*4 

5  «*'7 

5  28*1 

VIs 

5  4*9 

6  10 

5  5*'* 

6    5*6 

6  244 

8  J 

4    0 

5  » 

5  30 

5  4o 

5  50 

6  20 

6  30 

6  40 

6  50 

30 

16 

i4: 

5  5©*« 

6     1-2 

6  ii*9 

6  22*5 

6331 
6  56*2 

*>  43*7 

*  544 

7    5 

7   15*6 

0    • 

30 

6    11*2 

6  22-5 

*  33*7 

^45 

7    7*5 

7  i**7 

7  30 

7  412 

30 

46 

6  20 

6  319 

*43*7 

6556 

7     7*5 

7   »9*4 

7  3«* 

7  43*i 

7  55 

8     6*9 

10    0 

6    0 

6  40 

6  525 

7     5 
7  26-2 

7  "7*5 

7  3° 

7  4*5 

I  Sl 

J    7-5 

8  20 

8  325 

80 

16 

7    0 

7  13'« 

7  39*4 

7  5*\S 

8     5*6 

8  28*7 

8  18-7 

!  Ji'* 

*45 

8  58-. 

II    0 

30 

7  20 

7  33'7 

7  47*5 

t    11*2 

«  '5 

84*5 

8  56-2 

9  10 

9  *3'7 

30 

46 

7  40 

7  54'4 

8     8-7 

8  23*1 

*  37*5 

8  519 

9     6*2 

9  20-6 

9  35 

9  494 

12    0 

0    0 

8    0 

8  15 

8  30 

9    **9 

9    0 

9  >5 

9  30 

9  45 

10    0 

io  15 

30 

16 

S  20 

8  35* 

8  51*2 

9  **'5 

9  3*« 

9  51*7 

10    94 

10  25 

10  40*6 

13    0 

30 

S  40    8  56*2 

9  125 

9  ***7 

9  45 

10     1*2 

10  17-5 

10  33-7 

10  50 

11       6*2 

30 

45 

9    01  9  16*9 

9  337 

9  Y>+ 

10    7*5 

10  24-4 

10  41*2 

10  58*1 

11  15 

11  319 

14    0 

7    0 

9  20    9  37-5 

9  55 

10  11*5 

10  30 

10  47-j 

11  10*6 

"     1 

11  28-7 

11    22*5 

11  40 

"  57*5 

80, 

16 

0  40 

9  581 

10  16*2 

«o  544 

10  52*5 

II   46*9 

»*    5 

12  231 

16    0 

80 

10    0 

10  18-7 

10  37*5!  10  56*2 

11  15 

"  33*7 

n  52-5 

12    11*2 

12  30 

1*4*7 

30 

46 

10  20 

10  394 

10  58*7111   18*1 

11  375 

11  569 

12  16*2 

12  35-6 

»*  55 

«3   «4'4 

IV    0 

8    0 

to  40 

11     0 

11  20 

11  40 

12    0 

12  20 

12  40 

13  0 

13  20 

13  40 

80 

16 

ii    0 

11  20*6 

11  41*2 

12     1*9 

12   22*5 

12  431 

»3     3*7 

»3  *4-4 

«3  45 

14     5^ 

17   o 

30 

11  20 

11  41*2 

12    2*5 

12  13-7 

«*  45 

13     6*2 

U  *7*5I«3  4**7 

14  10 

14  3"* 

30 

46 

n  40 

12     1*9 

11  *3*7 

12  456 

«3    7*5i13  *9'4 

13  5"*|H  131 

H  35 

14  569 

18    0 

0    0 

12    0 

12  22*5 

>*  45 

>3     7*5 

13  30    f«3  5*5 

H  «5    1*4  37*5 

15    0 

15    22$ 

30 

16 

12  20 

12  43-1 

13      6-2 

13  29-4 

«3  5*'5lH  i$'6 

»4  3»'7 

PS    J*9 

'5*5 

I5  4*« 

10    0 

10 

12  40 

13     3-7 

"3  *7'5  «3  5'* 

'4  15    l«4  387 

15    *'5 

15  26-2 

15  50 

ib  13-7 

30 

45 

13    0 

13  *4*4 

13  48-7114  131 

14  37'5,I5     «'9 

15  26*2 

15  50-6 

16  15 

16  394 

80    0 

10    0 

13  20 

n  45, 

14  10 

H  35 

15    0    ,15  i| 
15  22515  481 

15  50 

16  13-7 

16  15 

16  40 

»7     5 

30 

15 

13  40 

14    5-6 

14  312 

14  569 

16  394 

»7     5 

17  30* 

21    0 

30 

14    0 

14  26*2 

«4  5**  5 

15  18-7 

15  45     16  in 

16  375 

>7    3*7 

17  30 

17  5** 

80 

45 

14  20 

1446-9 

>5  13*7 

15  406 

16    7*5  l6  34*4 

17      1*2 

17  28-1 

'7  55 

18  219 

82    0 

It    0 

'4  40 

15     7'5 

'5  35 

16    2-5 

16  30     16  575 

17   2C 

»7  4**7 

17  5**5 

18  20 

»*  47'5 

30 

15 

15    0 

15  28*1 

15  562 

16  244 

16  52-5 '17  20-6 

18  16*9 

1845 

19  13-1 

13    0 

80 

15  20 

«5  4**7 

16  ,7.5 

16  46*2 

«7  15 

17  43*7 

18  6*9 

18  12*5 

18  41*2 

19  10 

19  3*7 

30 

45 

15  40 

16    9-4 

16  38-7 

17     8-1 

*7  37*5 

18  36*2 

19    5-6 

«9  35 

2c    44 

24    0 

12    0 

16    0 

16  30 

17    0 

17  3° 

18    0 

18  30 

19    0 

19  30 

20    0 

20  30 

30 

16 

16  20 

16  50*6 

17  *i"» 

17  5«*9 

18   22*5 

iS  531 

19  23-7 

«9  54*4 

20  25 

20  556 

to    0 

30 

16  40 

17  111 

17  42-5 

18  137 

18  45 

19   l6'2 

»9  475 

20  18*7 

20  50 

21    21*2 

-* 

..  a 

17    0 

17  3«*9 

«*     3*7 

18  35-6 

19    7-5 

>9  39*4 

20  11*2 

2043M 

21  15 

21  469 

80    0 

13    0 

17  20 

«7  5**5 

182s 

»*  575 

19  30 

20    2*5 

10  3« 
10  58-7 

21    7-5 

21  40 

21    I2J 

* 

11 

17  40 

18  13*1 

18  46-2 

«9  »9*4 

19  52-5 

20  ic-6 
20  48-7 

2i  319 

**    5 

^2t8-I 

87    0 

30 

18    0 

18  337 

"9    7*5 

19  41-2 

20  15 

11  22*5 

21  56*2 

22  30 

*3    3*7 

80 

46 

18  20 

»*  54*4 

19  287 

20    3*1 

20  37-5 

21  ii*9 

21  46*2 

22  20*6 

**  55 

*3  *9'4 

88    0 

14    • 

18  40 

19  15 

19  so 

20  25 

11    0 

21 58*1 

22  10 

22  45 

23  20 

^3  55 

30 

15 

19    0 

19  35-6 

20  11*2 

20  46*9 

11  22*5 

12  33-7 

*3    9*4 

*3  45 

24  20*6 

29    0 

30 

19  20 

19  56*2 

20  32-011     8*7 

21    45       22   21*2 

**  57\  *3  33*7 

24  10 

2446s 

30 

46 

19  40 

20  i6*9 

20  53-7  ai    30-6 

22     7-5!"  44*4 

13    21-«,.**Ti    58*1 

*4  35 

25  11  9 

80    0 

16    0 

20    0  20  375 

21     15      |2I     52-5 

22  30   ,23    rs 

23   45      |24    22*5 

25    0 

*5  37  5 
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FOB  REDUCING  DAILV  AND  TWELVE. HOURLY  VARIATION* 

Inter* 
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24* 
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1* 

Variation  in  24*  or  in  19* 
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23' 
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25 

0" 

90" 

0" 
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0" 
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0" 
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r  T  xr 

0*0- 

0*  0" 
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90 

16 
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0  26*9 

0  27*5 

0  28*1 

0  28*7 

0  294 

0  30 

0  30-6 

0  31*2 

0  319 
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90 

o  525 

0  53-7 

0  55 

0  56-2 

0  57-5 

0  58-7 

1    0 

I       1*2 

1    2-5 

•     3  7 

30 

46 

i  187 

1  20-6 

I    22' 5 

1  244 

1  26*2 

1  28*1 

1  30 

1  3 19 

•  337 

1  35  6 

2    0 

1     0 

-  45 

«  47'5 

I    5© 

1  52-5 

«  55 

•  575 

2    0 

2    2-5 

*    5 

*     7*5 

90 

16 

2    11*2 

2  14-4 

2  17*5 

2  20-6 

2  23-7 

2  26*9 

2  30 

2   331 

2  36*2 

*  39*4 

9    0 

90 

*  37$ 

2  41*2 

a  45 

2  48-7 

2  52- 5 

2  56*2 

3    0 

3    37 

3    7'5 

3    11*2 

90 

46 

3     3*7 

3    *-i 

3  -**5 

3  -**9 

3    212 

3  *5*6 

3  30 

3  34*4 

3  387 

3  43*  1 

4    0 

3    0 

3  30 

3  35 

3  ¥> 

3  45 

3  50 

3  55 

4    0 

4    5^ 

4  ><> 

4  %l 
4  4^9 

90 

16 

3  5** 

4    i*9 

4    7'5 

4  131 

4  iS-7 

4  *4'4 

4  30 

4  35*6 

441* 

6    0 

90 

4  **'5 

4  ***7 

4  35 

4  4--* 

4  47*5 

4  537 

5056-2 

5  «**5 

5,87 

5  506 

6  22-5 

SO 

46 

4  4*7 

4  55* 

5    **5 

5    9*4 

5  162 

5  *3« 

5  30 

5  3^9 

5  437 

6  15 

0    0 

3    0 

5  15 

5  ***5 

5  30 

5  375 

I45 

5  5*5 

6  21*9 

6    0 

6    7-5 

90 

16 

5  4"** 

•   rs 

5  494 

5  57-5 
0  25 

6     5-6 

«  13-7 

6  30 

6  38*  1 

6  46-2 

*  54*4 

7   o 

30 

6  16-2 

0  337 

6  42*5 

6  51*2 

7    © 

7    «-7 

7  »7'5 

7  26-2 

30 

46 

6  33*7 

6  431 

6  5*'5 

7     1*9 

7    11*2 

7  20*6 

7  3© 

7  39*4 

7  487 

7  58'1 

•    0 

4    0 

7    0 

7    IO 

7  20 

7  30 

7  ¥> 

7  5° 

8    0 

8  10 

8  20 

8  30 

90 

16 

7  26*2 

7  3©-o 

7  47-5 

7  5*'« 

8     8-7 

8  19-4 

8  30 

8  40-6 

8  51-1 

9     »'9 

9    0 

90 

7  5*5 

8     3'7 

«  15 

8  26-2 

«  37-5 

848-7 

9    © 

9    11*2 

9  ***5 

9  337 

90 

46 

S  187 

8  30*6 

*4**5 

*  54*4 

X6* 

9  i8*i 

-2-2°. 

9  4If 

9  $37 

10    5-6 

10    0 

6    0 

*4S 

8  575 

9  10 

9  225 

9  35 

9  47*5 

IO     0 

10  12-5 

10  25 

10  37-5 

90 

16 

9    11*2 

9  *4'4 

9  37'5 

9  50-6 

10    37 

10  16*9 

10  30 

10  43-1 

10  50*2 

»    94 

11     0 

30 

9  37*5 

9  5«'* 

10    5 

10  187 

10  32*5 

10  46*2 

II    0 

11  13-7 

11  27*5 

11  41*2 

90 

46 

10    3-7 

10  18*1 

10  32*5 

10  46*9 

11     1*2 

11  15*6 

II  30 

»  44*4 

11  58-7 

12  13*1 

12    0 

6    0 

jo  30 

10  45 

u    0 

11  15 

11  30 

'«  45 

12      O 

12  15 

12  30 

i*45 
13  16-9 

30 

16 

10  56-2 

11  ii*9 

11  27-5 

11  43- 1 

11  58-7 

12  14-4 

12   3O 

12  45-6 

13  16*2 

13      12 

19    0 

30 

11  22*5 

11  38-7 

««  55 

12    11*2 

12  27-5 

12  43-7 

13      O 

•3  3*5 

13  487 

90 

46 

i!  48-7 

12    5*6 

12   22*5 

12    394 

12  56*2 

13  I3'i 

13    30 

13  46-9 

•4    3  7 

14  20*6 

14    0 

7   0 

12  15 

12  32-5 

12    50 

«3     7*5 

•3  *5 

»3  4*5 

14     O 

14  17-5 

H35 
15    6-2 

H  5*' 5 

90 

16 

12  41*1 

12  59-4 

•3  "7*5 

13  35-6 

"3  53*7 

14  119 

14   30 

14481 

>5  *4*4 

16    0 

30 

>3    7*5 

13   26'2 

'3  45 

'4    3*7 

14   22*5 

14  41-2 

15      O 

15  187 

16  49-4 

»5  37$ 
li    87 

1}  562 

16  27*1 

90 

46 

'J  33*7 

*3  53» 

14  12*5 

14  31*9 

14  51-2 

15  io#6 

15    30 

10    0 

8    0 

14    0 

14  20 

14  40 

15    0 

15    20 

15  40 

10     0 

16  20 

16  40 

17    0 

90 

6 

14  l6a2 

1446-9 

15    7*5 

15  28*1 

>5  48*7 

16    04 
16  38-7 

l6    30 

16  50-6 

17    tl-2 

17  319 

17    0 

JO 

14  525 

«5  >37 

'5  35 

>5  56* 

16   rs 

17      O 

17   21-2 

17  4*'5 

18     37 

90 

46 

15  187 

15  40-6 

16    2*5 

16  244 

16  46*2 

17     8-i 

17    30 

17  5>*9 

"8  137 

18  35* 

18    0 

0    0 

"5  45 

10    II'2 

16    7-5 

16  30 

'*  5*5 

17  2O*0 

17  15 

«7  37*5 

l8      O 

l8   22*5 

1845 

*9    75 

SO 

16 

»*  34*4 

16  575 

17  43*7 

18    69 

l8    30 

18  53-1 

ic  16-2 

'9  39*4 

10    0 

90 

16  37'5 

17       1*2 

17  25 

>7  487 

l8    12*5 

18  36-2 

19      O 

19  237 

»9  47*5 

20    11*2 

90 

46 

17     3*7 

17   28#  I 

«7  5*"5 

18  16-9 

18  41*2 

19    5-6 

10  30 

•9  54*4 

20  187 

20  43-1 

20    0 

10    0 

17  30 

>7  55 

18  20 

1845 

19  10 

'9  35 

20    0 

20  25 

20  50 

21   IC 
21  46-9 

90 

16 

17  56-2 

18  21*9 

1*  47*5 

19  13-1 

19  387 

20    44 

20  30 

20  55*6 

11    21*2 

21     0 

90 

it  22*5 

18  487 

19  15 

19  41*2 

20    7*5 

20  337 

21      O 

21  26*2 

21    52-5 

22  187 

90 

46 

18487 

19  15-6 

«9  4**5 

20    9-4 

20  36*2 

21     3*1 

21    30 

21  569 

22   23-7 

22  50* 6 

23    0 

11     0 

19  15 

19  4*5 

20  10 

20  37-5 

*>     5 

21  325 

22      O 

22  27-5 

21    5I 

23   20*2 

23   22«5 

90 

16 

19  412 

20    9*4 

20  37-5 

21     5-6 

*i  337 

22     1*9 

22    30 

22  58*1 

*3  54*4 
24  26*2 

29    0 

90 

20  rs 

20  36*1 

*»     5 

*'  337 

22    2*5 

22  31*2 

23      O 

23  287 

*3  57*5 

90 

46 

20  33-7 

21     3*1 

21  32*5 

22     ia9 

22  312 

23    o*6 

23    30 

*3  59*4 

24  287 

24  58-1 

24    0 

19    0 

21    0 

21    JO 

22    0 

22  30 

23    0 

23  30 

24      O 

24  30 

25    0 

25  30 

26  i*9 

t6  337 

90 

16 

21  26*2 

21    56-9 

22  27*5 

22  58-1 

23  287 

*3  59'4 

H   30 

25    o-6 

25  31-2 

21    0 

90 

21  52-5" 

22   23*7 

**  55 

23  26*2 

*j  57'5 

24  287 

25      O 

25  312 

26  1*9 

26    2*5 

90 

46 

22  187  22  50-6 

23   22*5 

*3  544 

24  26*2 

24  5*"* 

25  30 

26  O 

•*  337 

*7     5* 

20    0 

19    0 

**  45 

*3  17*5 

23    50 

24  225 

*4  $5 

*5  *7'5 

26  32-5 

11    \ 
27  36* 

»7  37*5 

90 

16 

»3    11*2 

*3  44-4 

H  »7'5 

24  506 

»5  *37 

25  569 

26    30 

27    3-1 

28    9-4 

27    • 

90 

*3  37'5 

24    11*2 

H45 

25  187 

*5  5*'$ 

20  tt'2 

26  26*2 

27      O 

*7  337 

28    7-5 

28  41*2 

90 

46 

*4    3*7 

M   38-1 

25  125 

25  469 

26  55-6 

27    30 

28    4-4 

*8  387 

29  13M 

U    0 

14    0 

14  30 

*$    5 

2C  40 

20    7*5 

26  15 

26    50 

27  25 

28      O 

28  35 

29  10 

*9  45 
30  16*9 

90 

16 

24  56-2 

25  31-9 

26  43*1 

•7  «8*7 

*7  544 

28    30 

a9     c«6 
29  36-2 

29  ^1-2 

20    0 

90 

15  22-5 

*5  $8* 

26  35 

27    1 1*2 

*7  47*5 

28  237 

29      O 

30    12-5130  487 

90 

46 

*5  4*'7 
26  15 

26  25-6 

*7    *'S.i7  39'4 

28  16-2 

28  53-i 

29    30 

30    6-9 

jo  437  3  ■  »•• 

20    0 

U     0 

26  52-5 

>;  30     28    rs 

28  45 

29  22-5 

30      O 

3->  37*5 

31  15     31  52-5 

ru 

TABLE  SI 

FOR  REDUCING  DAILY  AND  TWKLVK  HOURLY  VARIATIONS 

Variation  in  24*  or  ir  12* 

lac»r- 

ffttW 

ral 

ml 

IAk 

26 

*r 

28- 

291 

30- 

24* 

18* 

0" 

30' 

0" 

30" 

r 

30" 

0" 

sr 

9T 

mr 

0^   0" 

O*  0- 

tf    o" 

0'    0" 

0*  <r 

0'    0" 

0'    0" 

0'    0" 

0'   0" 

&  0" 

d   0" 

o-    c- 

so 

15 

o  32-5 

0  33M 

0  33#7 

0  34-4 

0  35 

0  356 

O   *6*2 

0  38*9 

0  37*5 

0381 

1     0 

30 

"     5 

1    61 

>     7*5 

1     87 

f    IO 

I     11*2 

1    12*5 

1  137 

«  *5 

I  16*2 

30 

45 

•  37'5 

«  394 

1  41*2 

1  43-1 

•  45 

I    46-9 

1  487 

1  50*6 

1  52*  5 

1  54*4 

2    0 

1     0 

2    IO 

2  12*5 
2  4$-6 

*  15 

1  17*5 

2  20 

2   22'$ 

*  *5 

2  275 

2  30 

2  325 

30 

15 

2   42'5 

2  487 

2  51-9 

*  55 

2    58*1 

3     »•* 

3    44 

3     7'5 

3  10*6 

3    0 

30 

3  "5 

3  "»*7 

3  ***5 

3  26-2 

3  30 

3  33*7 

3  37*5 

3  4«* 

3  45 

3  4«*7 

30 

45 

3  47*5    3  5>*2 

3  5** 

4    o*6 

4     5 

4    94 

4  «3*7 

4  181 

4  ***5 

4  *8*9 

4    0 

3    0 

4  *> 

4  *5 

4  3o 

4  35 

4  V> 

4  45 

4  50 

4  55 

5    0 

5     5 

30 

15 

4  5*'5 

4  $••! 

5     3*7 

5    94 

5  15 

5   20'6 

5  26*2 

5  3«'9 

5  37*5 

5  43*i 

6    0 

30 

5  *5 

5  3«'» 

5  37*5 

I4F 

6  il'i 

5  5© 

5  5*** 

6    25 

6    87 

6  ,S 

6  21*2 

30 

45 

5  57  5 

!  4'4 

6  11*2 

625 

6  31-9 

6  38*7 

6456 

6  525 

6  594 

0    0 

3    0 

6  30 

*  37  5 
7  io*6 

0  45 

6  525 

7    0 

7     7*5 

7  15 

7  ***5 

7  30 

7  37*5 

8  15*6 

to 

15 

7     **5 

7  i8*7 

7  169 

7  35 

7  43'* 

7  5,#* 

I  5f4 
8  36-2 

8    7*5 

7    0 

30 

7  35 

Z4?'7 

7  5*5 

8       »*2 

8  10 

8  187 

2  27*5 

8  45 

«  53*7 

80 

45 

f    TS 

8  16*9 

8  262 

8356 

«45 

8  54*4 

9    3*7 

9  «T» 

9  **'5 

9  3i*9 

8    0 

4    0 

840 

8  50 

9    0 

9  10 

9  20 

9  30 

9  40 

9  50 

10    0 

10  10 

30 

15 

9  125 

9  *3'i 

9  33*7 

9  44*4 

9  55 

10    5* 

IO    l5*2 

to  26*9 

10  375 

10  48*1 

8    0 

30 

9  45 

9  56  * 

10    75 

10  187 

10  30 

10  41*2 

10  52- 5 

11     37 

11  is 

11  26*2 

30 

45 

10  17-5 

10  29*4 

10  41*2 

10  531 

"     5 

11  16*9 

11  28*7 

11  40*6 

11  52$ 

i»    4-4 

10    0 

5    0 

10  50 

II      2< 

II    356 

11  ij 

11  4I7 

11  275 

11  40 

11  525 

■*     5 

12  17*5 

12  30 

12  42*€ 

13  «©*6 

30 

15 

II    12*5 

12     1-9 

12  1$ 

12  28-1 

12  41*2 

»*  54*4 

«3  rs 

11    0 

30 

"  55 

11      87 

12  21-5 

12  36-2 

12  50 

«3     3'7 

>3  >7'5 

13  312 

"3  45 

«3  $87 

30 

45 

11  27*5 

12  41-9 

12    56*2 

13  i©*6 

13  15 

U  39*4 

"3  53*7 

14    8*i 

14  22*5 

14  36-9 

19    0 

8    0 

13    0 

13    'I 

13  4*1 

13    30 

»3  45 

14    0 

"4  «5 

14  30 

•4  45 

15    0 

15  >5 

30 

15 

«3  3**5 

«4    37 

H  19'4 

«4  35 

14  506 

1$    6*2 

15  219 

'J  375 
16  15 

»S  531 
16  jra 

13    0 

30 

"4    5 

14  11*2 

*4  37*5 

»4  53'7 

15  28*1 

16  1-5 

15  10 

15  26-2 

16  19 

«S  4*5 
16  187 

15  5*7 

30 

45 

«4  37'5 

«4  544 

15  11*1 

16  20 

16  35*6 

18  52*  5 

17     94 

14    0 

7    • 

15  10 

16    o*6 

■J  4* 

16  187 

16  37-5 

««55 

17  11*5 

17  30 

17  4r5 

80 

15 

>5  4**5 

16  36*9 

16  5$ 

17  13-1 

17  31*2 

*7  49*4 

18    rs 

13  156 

15    0 

30 

16  15 

16  337 

18  51- 5 

17  ii-i 

17  30 

17  4*7 

18     7*5 

18  262 

««  45 

19     37 

30 

45 

>6  47'5 

17    6-9 

17  16*1 

17  45* 

i«     5 

18  24*4 

'*  43-7 

19     31 

19  225 

19  419 

18    0 

8    • 

17  20 

17  40 

18    0 

18  20 

18  40 

19    0 

19  20 

19  40 

20    0 

20  20 

80 

15 

'7  5**5 

18  13*1 

18  33-7 

18  54'4 

19  15 

19  356 

19  56-2 

20  16*9 

20  37*5 

20  58-1 

17    8 

30 

'!15 

18  462 

»9    7*5 

19  287 

19  50 

20    11*2 

20  32*5 

20  53*7 

21  15 

21  36*2 

30 

45 

■*  57'5 

19  194 

19  41-2 

20    31 

20  25 

20  46*9 

21     8*7 

21  30*6 

21  525 

22  144 

18    0 

8    0 

19  30 

>9  5*5 

to  1$ 

20  37-5 

21    0 

21    22*5 

*«  45 

22    7-5 

22  30 

22  52-5 

30 

15 

20    2*5 

20  25*6 

10  487 

21  ii*9 

»i  35 

21    58*1 

22  21*2 

**  44'4 

»3    7*5 

23  30*6 

18    0 

30 

20  35 

20  587 

11  22*5 

21  46*2 

12   IO 

22  33*7 

22  57*5 

23  21*2 

*3  45 

24     87 

30 

45 

21  rs 

21  31-9 

11  56*2 

12  20*6 

22  45 

23    9*4 

*3  33*7 

23  58*1 

H  **'5 

24  46*9 

20    0 

10    0 

21  40 

**    5 

12  30 

**  55 

23  20 

*3  45 

24   IO 

*4  35 

25    0 

*5  *5 
26     3*  1 

30 

15 

22  11*5 

22  38*1 

*3     3*7 

23  29-4 

*3  55 

24  20*6 

2$  46*2 

25  ii«9 

*5  375 

20    15 

21     0 

30 

**  45 

23    II-2 

*3  37*5 

*4     37 

24  30 

24  562 

15    22*5 

*5  4«'7 
20  25*6 

26  41*2 

30 

45 

*3  «7'5 

*3  44*4 

24    11*2 

24  38-1 

»5    5 

2<    31-9 

25     7*5 

*5  5«*7 
*•  35 

28  52*5 

27  19*4 

23    0 

11     0 

23  50 

*4  *7'5 

*4  45 

25  125 

25  40 

27    2-5 

27  30 

*7  sr5 

30 

15 

24  22«S 

24  50*6 

25  187 

25  46-9 

26  15 

26  4j*i 

27  187 

27    11-2 

*7  39'4 

28    7*5 

28  356 

23    0 

SO 

*4  55 

*5  *3'7 

*5  5**5 

20   ll'l 

16  50 

*7  47*5 

28    10*2 

a8  45 

*9  1 37 

30 

45 

*5  *7'5 
28    0 

2<  569 

26  30 

26  26*2 

16  55-6 

27  25 

*7  54*4 

18  237 

28  53- 1 

29   22*5 

29  51*9 

24    0 

12    0 

27    0 

27  30 

28    0 

28  30 

29    0 

29  30 

30      O 

30  30 

30 

15 

b6  32-5 

27    3-1 

»7  33*7 

28     4-4 

28  3s 

29    5*6 

29  36*2 

30    6*9 

30  37*5 

31     M 

25    0 

30 

*7    5 

17  3*'* 

18    rs 

28  387 

29   IO 

29  41*2 

30    12*5 

3<>43*7 

3i  15 

31  46-2 

80 

45 

*7  37*5 

28    9-4 

28  41*2 

29  131 

*9  45 

30  i6#9 

30487 

31  20*6 

3«  5*5 

32  24*4 

28    0 

IS    0 

1$   IO 

28  425 

29  5-6 

29  487 

19  15 

*9  47*5 

30  20 

30  5205 

31  *5 

3«  57-5 

8*  30 

33    *-5 

30 

15 

28  42-5 

19  487 

30  219 

30  55 

31  i8m 

32     1*2 

3*  34*4 

33    7*5 

33  406 

27    0 

30 

*9  «5 

30   22*5 

30  5*1*2 

31  30 

3*     3*7 

3*  37*5 

33  »'* 

33  45 

34  18-7 

30 

45 

*9  47*5 

30  21-9 

30   562 

31  306 

3*    5 

3*  394 

33  «3'7 

33  4«*i 

34  »*'5 

34  569 

28    0 

14    0 

30  20 

30  55 

31  181 

31    30 

3*    5 

32  40 

33  "S„ 

33  5o 

34  *5 

35    0 

35  35 

30 

15 

30  52-5 

3*    3'7 

3*  39*4 

33  »5 

33  5°« 

34  *** 

35     1-9 

35  375 
3«  15 

36  13*1 

29    0 

30 

3*  *5 

32      1*2 

3*  375 

33  «3*7 

33  50 

34  **** 

35    **5 

35  3*7 

36  511 

30 

45 

3»  57*5 

3*  8T4 

33  «•» 

33  4**> 

34  *5 

15     1-9 

35  3«*7 

36  15 

36  156 

3*  5*5 

37  *9'4 

80    0 

15    0 

32  30 

33    T$ 

33  45 

34  ***5 

35    0 

35  37*5 

3*  5*"  5 

37  30 

38    7*5 

TABLE  21  A 

<555 

LOGARITHMS  FOR  REDUCING  DAILY  VARIATIONS 

tr 

Sao. 

Hours,  Dtgraet,  or  MinutM 

*cw 

8 

1 

2 

3 

4 

5 

6 

7 

8 

8 

10 

it 

0 
1 
2 

3 

4 
6 

§ 

7 
8 

8 

3">5«4 
2*?573 

2-6*  1* 

25563 

2*4594 
2-380* 

**3'33 
***553 
2*2041 

1*380* 

r3ZE 
1*3660 

«*359° 
1  352* 

i#3454 
133W 
13323 
13259 

*-3i95 

1-079* 
10756 
1*07*0 
1-0685 
1*0649 
1*0614 
1*0580 
1*0546 
1*051* 
1*0478 

9031 
9007 

£*3 

*959 
*935 
891* 
8888 

8865 
8842 
8819 

778i 
77*53 
7745 
7728 
7710 
769* 
7*74 
7fS7 
7639 
762* 

6812 

•5798 
6784 
6769 

f755 

6741 
6726 
6712 
6698 
6684 

60*1 
6009 
5997 
5985 
5973 
5961 

5949 

5937 
59*5 
5913 

535i 
534! 
533o 
53*0 
5310 
5300 
5*89 
5*79 
5*69 

5*5? 

4771 
476* 

4753 
4744 
4735 
47*6 
4717 
4708 

4*99 

4*?o 

4260 
4*5* 
4*44 
4*3*5 
4228 
4*20 
4212 
4*o4 

4*9*5 
4188 

380* 

3795 
3788 
378o 

3773 

3766 

3759 

375* 
3745 
3737 

3388 

3382 
3375 

33*58 
33*5* 
3355 
3349 
3342 
333*5 
3J*? 

0 

I 

2 
3 

4 
6 
8 
7 

8 
9 

ii 

12 
13 
14 
16 

in 

17 
18 
18 

2-1584 
2-1170 
2*0792 
a-0444 
2*0122 
1-9823 

1*954* 
1-9*79 
1-9031 
1*879*5 

1*3133 
1*3071 
1*3010 
1*2950 
1**891 
1*833 
«*2775 
1*2719 
1**663 
1*1607 

1*0444 
1*0411 
10378 

10345 
10313 
1*0280 
1*0248 
1*0216 
1*0185 
10153 

8796 
*773 
«75" 
87*8 
8706 
8683 
8661 
8639 
8617 

*5?5 

7604 
7587 
7570 
755* 
7535 
75i* 
7501 

74*7 
74?  1 

6670 
6656 
6642 
6628 
6614 
6600 
«587 
*573 

5902 
5890 
5878 
5866 

5855 

55*J 

583* 

58*0 
5809 

5797 

5*49 
5*39 
5*** 
5*19 
5209 

5199 
5«9 
5179 
5169 

J15J 

468* 

4*73 
4664 

& 

4638 
46*9 
46*0 
4611 
4603 

4180 

41*54 
415*5 
4148 
4141 
4133 
41*5 
4117 
4100 

3730 
37*3 
371*5 
3709 

3702 

jell 

3681 

3^4 
3667 

3311 
3316 

3310 
3303 
3*97 
3291 

3*84 
3278 
3271 
?*65 

10 
11 
12 
13 
14 
16 
1(8 
17 
18 
18 

98 
21 
82 
23 
24 
25 
28 
27 
28 
28 

i**573 
1*8361 
1-8159 
1-7966 

1-7782 
1*7604 

1*7434 
1-7270 
1-7112 

i*2553 
1*499 
1*2445 
1*393 

12341 
1***89 
12239 
1**188 
1*139 
1**090 

1*01*2 
1*0091 
1*0061 
1*0030 
1*0000 
0*9970 
0*9940 
0*9910 
0*9881 
o*?8j* 

*573 
8552 
8530 
8509 
«4*7 
8466 

J445 

«4H 
8403 
838* 

7434 
7417 
7401 
73«4 
73«l 
7351 
7335 

7$ii 

7302 
7286 

6532 
6518 
6505 
6492 

6478 
6465 
6451 

6425 
6412 

5786 

5774 

57*5j 
575* 
5740 

5706 

5149 
5139 
5"9 
51*0 
5110 
510c 
5000 
5081 
5071 
5061 

4594 
4585 
4577 
45«8 
4559 
4551 
4542 
4534 
45*5 

4  J 18 

410* 

SB 

4079 
4071 
4063 

4055 
4048 
4040 
403* 

3660 

& 

3639 
3632 
3625 
3618 
3611 
3604 

??97 

3*58 
3*5* 
3*4*5 
3*39 
3*33 
3**7 
3220 

3*H 
3208 
3201 

28 
21 
22 
28 
24 
25 
28 
27 
28 
28 

88 
31 
32 
33 
34 
35 
38 
37 
38 
38 

TIT12 
1-6670 
16532 
1*6398 
1*6269 
1-6143 
1*60*1 
1-590* 

1-5786 
"•5^73 

1**041 

11993 
1-1946 
11899 
1*185* 

1  • 1806 
1*1761 
1*1716 
1*1671 
1-16*7 

09823 

09794 
09765 

09737 

0*9708 
0*9680 
0*965* 

0*96*5 

09597 
09570 

8361 

8341 
83*0 
8300 
8*79 
8*59 
8*39 
8*19 
8199 
8179 

7270 

7*54 
7*3* 
7222 
7206 
7190 
7174 
7159 
7H3 
7128 

6398 
6385 
6372 

% 

5333 
6320 
6307 

tat 

fSs 

5651 

5640 

£3 

5607 
559* 
5585 

f?74 

5051 

504* 
503* 
50*3 

5013 
5003 

4994 
49H 
4975 
4f8? 

4508 
4499 

44»2 

4$ 
4457 
4449 
4440 
443* 

40*5 
4017 
4010 
400* 
3994 
3987 
3979 
397* 
39*4 

3590 
3583 
3576 
3570 
35*53 
3556 

3549 
3542 
3535 
J5*9 

3195 
3189 

3"l 

3176 

3170 
31*54 
3«57 
3151 
3H5 
3139 

38 

31 
32 
38 
34 
35 
38 
37 
38 
38 

40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

••55^3 
1-5456 
'#535« 
1-5149 
1-5149 
1-5051 
1*495*5 
1-4863 

i"477i 
1*4682 

11584 
1-1540 
11498 

1*1455 
1-1413 
1-1372 
1-1331 
1*1290 

1-1*49 
1*1*09 

0*9542 
09515 
09488 

0*9462 

o*9435 
0*9408 
09382. 
09356 
09330 
0-9305 

8159 
8140 
8120 
8101 
8081 
8062 
8043 
80*3 
8004 
79*5 

7112 

7097 
7081 
7066 
7050 

7035 
70*0 
7005 
6990 
6975 

6269 
6256 

6243 
6231 

6*18 
6*05 

I'M 

6168 
6155 

556J 
555* 

5541 
5531 
55*0 

5509 
5498 
5488 
5477 
J466 

4956 
4947 
4937 
49*8 
4918 

4909 
4900 
4800 
4881 

4872 

44*4 
4415 
4407 
4399 
4390 
4382 

4374 
43*55 
4357 
4349 

3949 
394* 
3934 
39*7 
3919 
3912 

39°5 
3897 
3890 
3882 

3522 

3515 
35o8 
3501 

3495 
3488 
348i 
3475 
34*58 
3461 

3133 
3126 
3120 
3114 
3108 
3102 
3096 
3089 
3083 
3077 

40 
41 
42 
43 
44 
45 
48 
47 
48 
48 

50 
61 
52 
53 
64 
65 
68 
57 
68 
68 
80 

"•4594 
1*4508 

1*4424 
i*434> 
1*4160 
1*4180 
1*4102 
1*4025 
1*3949 
«'3»75 
1*380* 

1*1170 
1*1130 
1*1091 
1-1053 
1*1015 
1*0977 
1-0940 
1*0902 
1*0865 
t*o8*8 
1*0792 

0-9*79 
0*9254 
0*9228 
0-9203 
0-9178 
0-9153 
0*9128 
0*9104 
0*9079 
0-9055 
0*9031 

7966 
7947 
79*9 
7910 
7891 
7873 

» 

7818 
7800 
7781 

6960 

♦5945 
6930 
6915 
6900 
6885 
6871 
6856 
6841 
68*7 
6812 

6143 
6131 
6118 
6106 
6094 
6081 
6069 
6057 
6045 
6033 
60*1 

545*5 
5445 
5435 
54M 
5414 
5403 
5393 
5382 

537* 
5361 

5351 

4863 
4853 
4844 
4835 
4826 
4817 
4808 
4798 
47»9 
4780 

4771 

4341 
4333 
43*4 
4316 
4308 
4300 
4*9* 

4*4 

4*7*5 

4*«8 
4260 

3875 
3868 
3860 
3853 
384*5 
3838 
3831 

3j*4 

3817 
3809 
3802 

3454 
3448 
3441 
3434 
34*8 
34*i 

,4'2 
3408 

3401 

3325 
3388 

3071 
3065 

30$9 

3053 
3047 
3041 

3034 
30*8 
30*2 
3016 
3010 

58 

61 

52 
53 
54 
55 

58 
67 
68 
58 

88 

8 

1 

3 

3 

4 

6 

8 

7 

8 

0 

10 

.  U 

•56 

I— 


TABLE  21  A 


• 
I 

2 
3 
4 
ft 

6 

7 
8 
9 


To- 
il 

If 
13 
14 
1ft 
16 
17 
18 
19 


19 

91 
99 

23 

94 
96 

96 
97 
98 
99 


30 
31 
39 
33 
34 
3ft 
36 
37 
38 
30 


41 
42 
43 
44 
4ft 
46 
47 
48 
49 


ftO 
II 
32 
ft3 
54 
•5 
36 
57 
ft8 
69 
60 


LOGARITHMS  FOR  RKDUCINO  DAILY  VARIATIONS 


Hours,  Dtgreei,  or  Muratet 


12   13   14 


3010 

3«4 
2998 

*99* 
2986 
1980 

*974 
2968 

2961 
2956 


2950 

*944 
2938 

*933 
2927 
2921 
2915 
2909 
2903 
*»97 


2891 
2885 
2S80 

2874 
2868 
2862 
2856 
2850 
2845 
2839 


*«33 

2827 
2821 

2816 
2810 

2804 
*79* 
*793 
2787 
2781 


2663 
•657 
2652 
264ft 
2640 
263$ 
2629 
2624 
2618 
2613 


2607 
2602 
2596 
2591 

*5*5 

2580 

*574 
2569 
2564 


*553 
*547 

2536 

*53« 

2526 
2520 

*5'5 
2510 

*$Q4 


*775 
2770 
2764 
2758 

*753 
*747 
*74' 
2736 
2730 
*7*4 


*499 

38 

M3 
*477 
2472 
2467 
2461 
1456 
*45' 


*445 
2440 

*435 
2430 
2424 


2719 

2713 
2707 
2702 
2696 
2690 
2685 
2679 
2674 
2668 
2663 


1? 


2419 

*4'4 
2409 
2403 
*39* 


*393 
2388 
2382 

*377 
2372 
2367 
2362 
2356 

*35' 

2:46 


13 


*34' 
233ft 
2330 

*3*S 

2320 

*3'5 
2310 
2305 
2300 

**2L 


2289 
2284 

2279 
2274 
2209 
2264 
2259 

**54 

2249 

**44 


2239 
2234 
2229 

22»3 
2218 
2213 
2208 
220| 
2198 

"93 


2188 
2183 
*I78 

2173 
2168 
2163 
2159 

*'54 

2149 

*'44 


2139 

*'34 
2129 
2124 
2119 
2114 
2109 
2104 
2099 
4<>9$ 


lft   16 


2041 
203ft 
2031 
2027 
2022 
2017 
2012 
200S 
2003 
1998 


,9f! 
1988 

1984 

'979 

'974 

'at9 
1960 

"955 

iojo 


1946 
1941 
1936 
1932 
1927 
1922 
1917 
1913 
1908 
1903 


1899 
1894 
1889 
1885 
1880 
1875 
1871 
i8ft6 
1862 
»»57 


1852 
1848 
'«43 
"«3« 
1834 
1829 
1825 
1820 
1816 


2000 
208$ 
2080 
2075 
2070 
2065 
2061 
205ft 
2051 
2046 
2041 


1806 
1802 
1797 

1788 

«784 
'779 
'774 
1770 
1765 
1761 


17ft! 

1756 
1752 
1747 
'743 
1738 

1734 
1729 

"7*5 

1720 


171ft 
1711 
1707 
1702 
1098 
1094 
1689 
1685 
1680 
167ft 


1671 
1667 

l6ft2 

1658 
1654 
1649 
1645 
1040 
163ft 
iftti 


1627 
1623 
1618 
1614 
16x0 
1605 
iftoi 

'597 
1592 
15M 


'5«4 

'579 
1575 
'57! 
156ft 
1582 
«55« 
•553 
'549 
«545 


1540 
1536 

'53* 
1527 

'5*3 
1519 

'5'5 

1510 
1506 

1502. 
149* 


17   18 


1498 

'493 
1489 

«4*5 
1481 

I47» 
'47* 
1468 
1464 
'459 


'455 
»45« 
'447 
'443 
1438 

'434 
1430 
142ft 
1422 
'4'7 


141 3 
1409 
1405 
1401 

'397 
1392 
1388 

«3«4 
1380 
1376 


"37* 
1368 
1363 
'359 
"355 
'35* 
'347 
'343 
'339 
1211 


1249 
«*45 
»H' 

1237 

»*33 
1229 
1225 
122  x 
1217 
1213 


1209 
1205 
120J 
"97 
"93 
1189 
1185 
1181 
1 178 
"74 


1170 
1 1 66 
1162 
1158 

"54 
1x50 
1146 
1 142 
1138 
"34 


1130 
1126 
1123 
1119 
1115 

I1II 
IIO7 
IIO3 
IO99 
IO95 


132ft  I  1088 


1322 
1318 

'3*4 
310 


1084 
1080 
1076 

IC»2 


130ft  I  I068 
1 302  J  f  064 
I298  :  fcfto 
I294  IO57 


19 


1015 

ICII 

1007 
1003 


21 


°999 


099ft 
0992 
098S 
0984 
0980 


0702 
0788 
0785 
0781 

0777 
0774 
0770 
0787 
0763 
0759 


0977  j  075ft 


0580 

057ft 

o573 
0570 
0566 
0503 

0559 
055ft 
0552 
°549 


0973 
0969 
0965 
0962 
0958 

0954 
0950 

0947 
0943 


0939 
©935 
0932 
0928 
0924 
0920 
0917 
0913 


0909 
°9°5 


0902 
0898 
0895 
0891 
0887 
0883 
0880 
0876 
0872 
0888 


0865 
0861 
0858 
0854 
0850 
0846 
0843 
0839 
0835 
0832 


1290 ;  1053 
128ft ;  1049 
1282  j 1045 
1278  i  1041 
1274  1037 
1270 1 1034 
1265 1 1030 
1 26 1 1 1026 
1257 1 1022 
1253  j  1018 
1249  1015 


0828 
0824 
0821 
0817 
0814 
0810 
0806 
0803 
0799 
o795 
079* 


0753 
0749 

o745 
0741 
0738 

©734 
0731 
0727 
o7*4 


0720 
071ft 
0713 

0700 


0702 
0099 
0695 
0692 

0688 


0685 
0681 
0677 
0674 
0870 
0667 
0063 
oftfto 

065ft 

0653 


0649 
0646 
0642 
0639 
0635 
0632 
0028 
0625 
0621 
0618 


0614 
c6n 
0608 
0604 
0601 
0597 
0594 
0500 
0587 
0583 
0580 


92 


054ft 
054* 
0539 
©535 
0532 
0528 
0525 
0522 
0518 
0515 


051  x 
0508 
0505 
0501 
0498 


0495 
0491 
0488 
0484 
0481 


0478 

0474 
0471 
0468 
0464 
0461 
0458 

0454 
0451 

0447 


0441 
0438 

0434 
0431 
0427 
0424 


0421 
0418 
Q4'4 


C411 
0408 
0404 


0401 
0398 
0394 
0301 
0388 
0384 
0381 
0378 


u  I  it  1  u;  117  I  18  I  10  I  so  I  91 


0378 

0375 
0371 
0368 
0305 

03ft! 

0358 

0355 
0352 

<>34» 


°345 
034* 

0339 
0335 
0332 
0329 
032ft 
0322 
03x9 
0316 


0313 
0309 
0306 
0303 
0300 
0296 
0293 
0290 
0287 
0283 


01S5 
01S2 
0179 
0175 
0172 
0169 
0166 
0163 
oxfto 
°'57 


0153 

0150 
0147 
0x44 
0x41 
0138 
0x35 
0x32 
0128 
0125 


OX22 
OH9 
01l6 
OXI3 

0110 
0x07 
0104 

OIOI 

0098 
^94 


0280 
0277 
0274 
0271 
0267 
0264 
02ft  X 
0258 

0255 

0251 


0248 

0245 

0242 

0239 

0235 
0232 
0229 
0226 
0223 
6220 


0216 

0213 

0210 
0207 
0204 
0201 

0197 
0194 

0191 
0188 
0185 


22 


0091 

0088 
0085 
0082 
0079 


007ft 
0073 
0070 
ooft7 
0064 


0061 
0058 
0055 
0052 
0048 
0045 
0042 
0039 
0036 
oo33 


0030 
0027 
0024 
0021 
0018 
0015 
00x2 


0009 
0006 
0003 
0000 


2» 


0 
I 

9 
3 
4 
ft 
6 
7 
8 
9 


10 
II 
13 
13 
14 
lft 
16 
17 
19 
19 


20 
91 
22 
23 
24 
2ft 
26 
27 
28 


31 
32 
33 
34 
3ft 
36 
37 
38 
39 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


80 
81 
62 
ft3 
54 
ftft 
ft6 

»7 

88 


TABLE  22 


«S? 


FOR  REDUCING  THE  MOON'S  DECLINATION 

II 

Difference  for  10" 

10" 

20" 

30" 

40" 

60" 

60" 

70" 

80" 

90" 

j  100" 

110"  I  120" 

ISO" 

1 

o'  l' 

0'  2' 

1°'  3' 

'</  4' 

0'  5' 

0'  V 

'0'  r 

0'  8" 

0'  9"  0'  10"  0'  11"  <f  la"1  0'  11" 

2 

o  2 

0    4 

0  6 

0  8 

0  10 

0  12 

0 14 

0  16 

0  18 

0  20 

0  22 

0  24 

O  20 

3 

°  3 

0  6 

0  9 

0  12 

0  is 

0  18 

0 11 

0  24 

0  27 

0  30 

«  33 

0  36 

O  39 

4 

°  4 

0  8 

0  12 

0  16 

0  20 

0  24 

0  28 

0  32 

0  36 

0  40 

0  44 

o+« 

O  52 

6 

o  5 

0  10 

0  15 

0  20 

0  25 

0  30 

0  35 

0  40 

045 

0  50 

VI 

I  0 

:.; 

tf 

o  6 

0  12 

0  18 

0  24 

0  30 

0  36 

042 

0  48 

0  54 

1  0 

I  12 

7 

o  7 

0  14 

0  21 

0  28 

0  35 

0  42 

0  49 

0  56 

«  3 

I  IO 

«  *7 

f  24 

1 31 

8 

o  8 

0  16 

0  24 

0  32 

0  40 

0  48 

0  56 

1  4 

1  12 

1  20 

1  28 

1  36 

1 44 

9 

o  9 

0  18 

0  27 

0  36 

0  45 

0  54 

1  3 

1  12 

1  21 

1  30 

*  39 

148 

»  57 

10 

O  IO 

0  20 

0  30 

0  40 

0  50 

1  0 

I  IO 

1  20 

1  30 

1  40 

I  JO 

2   O 

2  10 

II 

O  II 

0  22 

°  33 

0  44 

°  55 

1  6 

I  17 

1  28 

«  39 

1  50 

2  1 

2  12 

2  23 

12 

O  12 

0  24 

0  36 

0  48 

1  0 

1  12 

I  24 

1  36 

1  48 

2  0 

2  12 

2  24 

2  36 

13 

o  13 

0  26 

0  39 

0  52 

«  5 

1  18 

I  31 

«  44 

1  5Z 

2  IO 

1  23 

2  36 

2  4? 

14 

o  14 

0  28 

0  42 

0  56 

I  IO 

*  *4 

1 38 

*  5* 

2  6 

2  20 

*  34 

248 

15 

o  15 

0  30 

°45 

1  0 

'  '5 

1  30 

1  45 

2  0 

*  15 

2  30 

2  45 

3  0 

3  *5 

1ft 

o  16 

0  32 

048 

1  4I 1  20 

1  36 

*  5* 

2  8 

2  24 

2  40   2  56 

3  «* 

3  *8 

17 

o  17*0  34  o  51 

1  8|i  25 

«  4* 

*  59 

2  16 

*  33 

2  ^0 

3  7 

321 
3  36 

3  4« 

18 

0  18 

0  36  0  54 

1  12 1  1  30 

1  48  2  6 

2  24 

2  42 

3  ° 

3  18 

3  54 

19 

0  19 

0  38 

°  57 

1  16  1  35, *  54 

*  13 

*  3* 

*  5" 

3  10 

3  *9 

348 

4  7 

20 

0  20 

0  40 

1  0 

t  20 

1  401*  0 

2  20 

2  40 

3  ° 

3  20 

3  40 

4  0 

4  20 

21 

0  11 

0  4a 

;  i 

*  H 

*  45 

2  6 

2  27 

248 

M 

3  3© 

3  5' 

4  ** 

J  31 

22 

0  22 

0  46 

1  28 

1  50 

2  12 

*  34 

2  56 

3  40 

4  * 

4H 
4  3$ 

23 

0  *3 

*  9 

1  32 

1  55 

2  18 

*  4i 

3  4 

3  *7 

3  50 

4  13 

4  59 

24 

0  24 

0  48  1  12 

1  36 

2  0 

2  24 

2  48 

3  I2 

3  3« 

4  ° 

4  H 

448 

5  ,2 

25 

0  25 

0  $oli  15 

1  40 

*  5 

2  30 

*  55 

3  20 

3  45 

4  IO 

4  35 

5  0 

HI 

26 

0  16 

0  52 

1  18 

1  44 

2  IO 

2  36 

3  * 

3  28 

3  54 

4  w  ,  4  4« 

5  »* 

27 

0  17 

0  54 

■  21 

1  48 

*  »5 

2  42 

3  ? 

3  36 

4  3 

4  30 

4  57 

5s;* 

5  5i 

28 

0  18 

0  56 

1 14 

>  5* 

2  20 

248 

3  16 

3  44 

4  Ia 

4  40 

5  8 

6  4 

29 

0  29 

058 

1  *7 

1  56 

•a  25 

*  54 

3  *3 

3  5* 

4  *i 

4  50 

5  19 

11 

6  17 

SO 

0  30 

1  0 

1  30 

2  0 

2  30 

3  0 

3  30 

4  ° 

4  3° 

5  ° 

5  30 

6  30 

31 

0  31 

1  2 

1  31 
1  36 

*  4 

»  35 

3  6 

3  37 

4  8 

4  39 

5  *° 

5  4i 

6  12 

Ui 

32 

0  32 

:  t 

2  8 

2  40 

3  ll 

3  44 

4  16 

4  48 

5  20 

5  5* 

«M 

33 

0   33 

'  39 

2  12 

*  45 

3  18 

3  5i 

4  H 

4  5Z 

5  30 

*  3  '  6  36 

7  9 

34 

°  34 

1  8 

1  42 

2  16 

2  50 

3  *4 

3  58 

4  3* 

5  6 

5  40 

6  14 

648 

7  22 

36 

0  35 

1  to 

t  45 

2  20 

*  55 

3  30 

4  5 

4  40 

5  *5 

5  50 

6  25 
6  36 

7  0 

7  35 

36 

0  36  1  12 

1  48 

a  24 

3  0 

3  3* 

4  >* 

4  48 

5  *4 

6  0 

7  12 

7  48 

*7 

0  37 

1  '4 

1  5' 

2  28 

3  5 

3  4: 

4  19 

4  5* 

5  33 

6  10 

«  47 

7  *4 

8  1 

38 

0  38 

1  16 

"  54 

2  32 

3  *o 

3  48 

4*6 

5  4 

5  4* 

6  20 

6  58 

7  36 

8  14 

39 

0  39 

1  18 

*  57 

2  36 

3  »5 

3  54 

4  33 

5  ,a 

J  51 

6  30 

7  9 

748 

8  *7 

40 

0  40 

1  20 

2  0 

2  40 

3  20 

4  0 

440 

5  20 

6  0 

6  40 

7  20 

8  0 

8  40 

41 

0  41 

I  22 

*  3 

*  44 

3  *5 

4  6 

4  47 

5  *8 

;,i 

6  50 

7  3« 

8  12 

8  53 

42 

0  42 

1  *4 

2  6 

248 

3  30 

4  *J  4  54 

5  36 

7  0 

7  4* 

8  24 

9  6 

43 

0  43 

I  26 

*  9 

*  5* 

3  35 

4  t8 

5  ■ 

5  44 

6  27 

7  IO 

7  53 

8  36 

9  >9 

44 

0  44 

I  28 

2  12 

256 

3  40 

4  *4 

5  8 

5  5i 

6  36 

7  26 

8  4 

848 

9  3* 

46 

045 
0  46 

I  30 

2  18 

3  0 

3  45 

4  3o 

5  »5 

6  0 

6  4< 

7  30 

8  15 
8  26 

9  0 

9  45 

46 

I  32 

3  4 

3  50 

4  36 

5  ** 

6  8 

6  54 

7  40 

9  11 

9  58 

47 

0  47 

1  34 

2  21 

3  8 

3  55 

4  42 

5*9 
5  36 

6  16 

7  3 

7  SO 

! 37 

9  H 

10  11 

48 

0  48 

1  36 

2  24 

3  12 

4  0 

4  48 

6  14 

7  IZ 

8  0 

848 

9  3* 

10  24 

49 

0  49 

1  3S 

2  27 

3  «*  4  5 

4  54 

5  43 

6  32 

7  21 

8  10 

8  59 

9  48 

JO  37 

60 

0  50 

1  40 

2  50 

?  *° 

4  IO 

5  ° 

5  J° 

6  40 

7  30 

8  20 

9  10 

10  0 

IO  5Q 

61 

0  51 

1  42 

1  31 

2  36 

3  *4 

4  «5 

5  6 

5  57 

648 

7  39 

8  3«> 

9  *» 

10  12 

»*  3 

62 

0  52 

1  44 

328 

410 

5  1* 

5  4 

6  56 

7  48 

8  40 

9  3* 

10  24 

ti  16 

63 

0  53 

i4« 

2  39 

3  3* 

4  *5 

5  '8 

6  ti 

7  4 

Z  sl 

8  50 

9  43 

10  36 

n  29 

64 

0  54 

«  4« 

2  42  3  36 

4  30 

5  *4 

6  18 

7  1* 

8  6 

9  0 

9  54 

10  48 

tt  4* 

66 

0  55 

1  50 

*  4$ 

3  40 

4  35 

5  3o 

«  *S 

7  *« 

8  15 

9  10 

10  5 

II  0 

;i5i 

66 

0  56 

*  5* 

248 

3  44 

4  40 

5  3« 

63* 

7  *8 

8  24 

9  20 

10  16  11  12 

57 

0  57 

'  54 

*  5> 

3  48 

4  45 

5  4* 

6  39 

7  3* 

8  33 

9  3* 

10  27  11  24 

12  21 

68 

0  58 

1  56 

*  54 

3  5* 

4  50 

5  48 

6  46 

7  44 

8  41 

9  40 

10  38 

11  3* 

»*  34 

69 

0  59 

1  58 

*  57 

3  S^ 

4  55 

5  54 

6  53 

7  51 

8  51 

9  50 

10  49 

11  48 

12  47 

60 

1  0 

2  0 

3  © 

4  ° 

5  © 

6  0 

7  © 

8  0 

9  0 

10  0 

11  0 

12  0 

13  c 

uu 


658 


TABLE  29 


• 

FOR  REDUCING  THE  MOON'S  DECLINATION 

M 

Difcwiiiu  far  MP 

ur 

160" 

160" 

170" 

1" 

r 

S" 

4" 

6"   |    6" 

r 

r  |  r  Jir 

I 

o*  14" 

0'  15" 

0'  16" 

©'17* 

©"•1 

o"*2 

0  -3 

0% 

o"-5 

o**6 

o"*7 

o"*8 

J  ■ 

°"*9  ;  >* 

2 

0  28 

0  30 

0  32 

0  34 

O't 

■4 

•6 

•8 

I'O 

ft 

i'4 

i*6 

|-Sj     2 

3 

0  42 

0  4? 

048 

0  51 

03 

•9 

1*2 

"*5 

18 

2*1 

t*4 

2*7  1     3 

4 

0  56 

1     0 

"     4 

1     8 

0*4 

•8 

1*2 

r6 

t'O 

**4 

t*8 

32 

3« 

4 

6 

1  10 

1   15 

1  20 

"  25 

o-s 

I'O 

1-5 

2*0 

••5 

3-0 

3*5 

4-0 

4*5 

5 

6 

1  24 

1  3c 

1   36 

1  42 

o-6 

1*2 

1-8 

**4 

J* 

3* 

4** 

48 

5'4 

6 

7 

1 38 

1  45 

>  5* 

1  59 

0-7 

«"4 

2'  I 

2*8 

3*5 

4't 

49 

5.6 

6-3 

7 

8 

I  52 

2    0 

2     8 

2  16 

o-8 

1-6 

**4 

1    3#a 

40 

4"8 

I"6 
6-3 

6*4 

7*2 

8 

9 

2      6 

2  15 

2  24 

*  33 

09 

18 

2*7 

36 

4'5 

8 

7* 

8-i 

9 

10 

2   20 

2  30 

2  40 

2  50 

r© 

20 

3-0 

4*o 

50 

7-0 

8-o 

90 

10 

II 

a  34 

*  45 

2  56 

3    7 

11 

2*2 

3'3 

4'4 

6*0 

6-6 

77 

8-8 

9*9 

11 

12 

248 

3    ° 

3  IS 

3  *4 

I"2 

24 

36 

4*8 

7-2 

8"4 

9*6 

io»8 

12 

IS 

3    * 

3  15 

3  28 

3  4" 

i'3 

2-6 

3*9 

5** 

65 

7*8 

9-1 

104 

if7 

•3 

14 

3  16 

3  30 

3  44 

3  58 

i*4 

t-8 

4#* 

5-6 

7*0 

8-4 

9-8 

nt 

12*6 

>4 

16 

3  30 

3  45 

4    ° 

4  15 

"'5 

3'o 

4*5 

6*o 

Vs 

90 

io#5 

I2*0 

"35 

>5 

10 

3  44 

4    ° 

4  >6 

4  3» 

1-6 

V* 

4*8 

«*4 

t'O 

9*6 

11*2 

12*8 

»4*4 

16 

17 

3  58 

4  >5 

4  3* 

4  49 

«'7 

yi 

5« 

6*8 

8-5 

IO«2 

ii#9 

13*6 

«5-3 

"7 

18 

4  12 

4  30 

4  48 

5     6 

i-8 

3-6 

5*4 

7-2 

90 

io*8 

12*6 

"4*4 

162 

18 

19 

4  26 

4  45 

5    4 

5  23 

>'9 

3-8 

5*7 

7-6 

9*5 

1 1-4 

"3*3 

10-0 

17-1 ;  19 

20 

4  40 

5    ° 

5  *° 

5  40 

2-0 

40 

6»o 

8-o 

10*0 

12*0 

14*0 

18*0     20 

21 

4  54 

5  '5 

5  36 

I  57 
6  14 

2*1 

4-a 

tl 

84 

10-5 

12-6 

'4*7 

168 

18-9  j  21 

22 

5     * 

5  3o 

5  5* 

2*2 

4*4 

8*8 

iro 

I3"2 

«5*4 

17*6 

19-3      t2 

29 

5  2a 

5  45 

6    8 

6  31 

**3 

4.6 

6-9 

9-* 

ii-S 

I38 

161 

184 

20-7     23 

24 

5  36 

6    0 

6  24 

648 

**4 

4'8 

7-2 

96 

12*0 

H'4 

168 

192 

21*6  1  24 

2ft 

5  50 

6  15 

6  40 

7     5 

*'5 

5*0 

7'5 

10*0 

12-5 

150 

»7'5 

20*0 

22-5  ,   2J 
23-4  |   26 

26 

6    4 

6  30 

6  56 

7  22 

2-6 

5'* 

7-8 

10-4 

13-0 

156 

i8t 

20-8 

27 

6  18 

*  45 

7  ll 

7  39 

2-7 

5*4 

8m 

io-8 

'3*5 

16*2 

i8*9 

21*6 

*4*3  1  27 

28 

6  32 

7    ° 

7  28 

I  56 

t-8 

5-6 

8-4 

1 1*2 

140 

168 

19*6 

224 

25t  1   28 

2V 

646 

7  »5 

7  44 

8  13 

2-9 

5-8 

8'7 

ii-6 

»4'5 

17*4 

20'3 

23*2 

26-1    29 

SO 

7    ° 

7  30 

8    0 

8  30 

3-0 

60 

9«o 

12*0 

150 

18*0 

II'O 

240 

27-0  '  30 

SI 

7  H 

7  45 

8  16 

8  47 

n 

62 

9#3 

12-4 

15*5 

i8*6 

217 

248 

279 

3> 

32 

7  18 

8    0 

8  32 

9    4 

3'* 

6-4 

9-6 

12*8 

16*0 

I9#2 

22«4 

256 

288 

3* 

S3 

7  4* 

8  15 

848 

9  *i 

33 

6-6 

9*9 

13-2 

16c 

19*8 

23M 

t6*4 

29-7 

33 

84 

7  5* 

8  30 

9    4 

9  38 

3*4 

6*8 

lOt 

136 

170 

204 

23-8 

27*2 

30*6 

34 

36 

8  10 

8  45 

9  20 

9  55 

35 

7-0 

jo-8 

140 

17'5 

21*0 

24*5 

»8*o    31*5 

35 

36 

8  24 

9    ° 

9  36 

10  12 

3»6 

7-» 

H'4 

i8*o 

21  6 

252 

288 

32*4 

36 

37 

8  38 

9  15 

9  5* 

10  29 

37 

7*4 

111 

148 

185 

22*2 

tc*} 

29*6 

33*3 

37 

38 

8  52 

9  3o 

10    8 

10  46 

3-8 

7'6 

11-4 

152 

19*0 

22*8 

266 

3©*4 

34** 

38 

30 

9    6 

9  45 

10  24 

»     3 

39 

7-8 

n-7 

156 

»95 

*3'4 

27-3 

$1*2 

35" 

39 

40 

9  to 

10    0 

10  40 

11  10 

40 

8»o 

12*0 

I0*O 

20«0 

24#0 

28*0 

32*0 

j6-o 

4° 

41 

9  34 

10  15 

1056 

11  37 

4i 

82 

12*3 

164 

20*5 

24*6 

28-7 

j»» 

3^*9    4» 

42 

9  48 

10  30 

11  12 

II  54 

4* 

U 

n-6 

168 

21*0 

25*2 

294 

,j-6 

37"8 

4* 

43 

10    2 

1045 

II  28 

12  11 

4*3 

12*9 

17-2 

21-5 

16*4 

30*  1 

W4 

38*7 

43 

44 

10  16 

11    0 

"  44 

12  28 

44 

8*8 

13-2 

17*6 

22*0 

J08 

36'0 

39*6 

44 

46 

10  30 

it  15 

it    0 

«»45 

u 

90 

*rs 

18-0 

22-5 

27«6 

3>"5 

40*5 

3 

48 

10  44 

11  30 

12  16 

13    2 

92 

138 

■!'t 

13*0     27*6 

32-2 

36*8 

4»*4 

47 

10  58 

»  45 

12  32 

13  19 

4*7 

94 

H- 1 

i8«8 

13*5  1  28*2 

320 
33«6 

37*6 

42*  3 

47 

48 

11  12 

12    0 

1248 

13  36 

4'8 

cr6 

»4*4 

19*2 

24*0    28*8 

384 

43^ 

48 

40 

11  26 

12  15 

>3    4 

•3  53 

4*9 

y8 

>4'7 

19*6 

*4*5 

29-4 

34*3 

3f* 

44" 

49 

60 

11  40 

12  30 

13  20 

14  10 

5«o 

lO'O 

15-0 

20*0 

25*0 

30*0 

35*° 

40*0 

45-0 

P. 

61 

»  54 

»*  45 

13  36 

14  27 

5» 

10*2 

»5'3 

20> 

20*o 

30*6 

3F 
S*'4 

40*8 

4I'2 

5" 

62 

12    8 

13    0 

13  52 

"4  44 

5** 

104 

156 

20*8 

31*2 

41*6 

468     52 

63 

12  22 

"3  »5 

14    8 

*5     > 

5*3 

io»6 

15-9 

21*2 

26.5 

318 

37-1 

4**4 

*n ' 53 

64 

12  36 

13  30 

H  24 

15  18 

5*4 

10*8 

162 

21*6 

27*> 

3**4 

sr8 

4r» 

486     54 

66 

12  5© 

»3  4S 

14  40 

'5  35 

5-6 

•II'O 

165 

22*0 

27*5 

33* 

385 

44^ 

49$ 

$5 

66 

»3    4 

14    0 

145* 

10    9 

l!«t 

16*8 

22'4 

t8»o 

33*6 

39«2 

*1 

fO"4 

S« 

37 

13  18 

14  15    «5  « 

5*7 

"'t 

11*6 

*7'i 

22«8 

28* 

SV* 

39'9 

45* 

5«'S 

$7 

68 

13  32 

14  30 

IS  28 

16  26 

5"8 

17*4 

232 

29*0 

34*8 

40*6 

464 

52t 

58 

69 

13  46 

14  45 

>5  44 

16  43 

5*9 

1 1-8 

I7'7 

23*6 

29*5 

35*4 

4«'3 

47*2 

53" 

59 

60 

14    0 

15    0 

16    0 

17    0 

6*o 

12*0 

18*0 

24*0 

30*0 

36*0 

42*0 

48*0 

54*o 

60 

TABLE  23 


TABLE  24 


8ft» 


ACCELERATION 

II 

M    8 

M  |    S 

S 

Dec. 

1 
2 
S 
4 
5 
6 
7 
8 
0 
10 

o    9*86 
o  19*71 
0  1957 

0  3943 
0  49*28 

0  59*  14 

1  9*00 
1  18*85 
1  18*71 
1  38-56 

1 
2 
3 
4 
6 
6 
7 
• 
• 
10 

0*16 

°-33 
©•49 
0*66 
o*8i 
0*98 
115 
1-31 

1-64 

1 
2 

3 
4 
6 
6 
7 
• 
9 
10 

•00 
*oo 
•01 
•01 
••I 
•02 
-02 

'02 
•Ol 
'OS 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1  48-41 
1  58*18 
1    8-13 
1  17-09 
1  1785 
1  37*70 
1  47-56 
*  57*4* 
3     7**7 
3  "7*13 

11 

12 
13 
14 
16 
16 
17 
18 
19 
20 

1-81 
1-97 
113 
1-30 

1*63 
2*79 
2*96 
3*12 

329 

11 
12 
13 
14 
16 
16 
17 
18 
19 
20 

•03 
•03 
•04 

'04 

•04 

•04 

•OS 
•05 
•05 
•05 

3  2659 
3  3684 
3  46*70 
3  56*56 

21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

3*45 
3*61 

3'7» 
3*94 
4*u 

4**7 

i* 

47*5 
4*93 

21 
22 

23 
24 
26 
26 
27 
28 
29 
80 

•06 
•06 
•06 
•07 
•07 
•07 
•07 
•08 
•08 
•0? 

31 

32 
33 
34 
35 
36 
37 
38 
39 
40 

509 

5*26 

5*4* 
5*59 

5*75 
5*91 
6*o8 

0*40 
6'57 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

•08 
•09 
•09 
•09 

*IO 

•10 
•10 
•11 
•11 
•11 

41 
4? 
43 
44 
45 
46 
47 
48 
49 
50 

674 
6*90 
7*06 
7*23 

7*39 
7*56 

7*9 

8-05 

8*21 

41 
42 
43 
44 

45 
46 
47 
48 
49 
50 

•11 
•12 
•12 
-12 
•12 
*'3 
••3 
•»3 
•'4 
•14 

61 
52 
53 
54 
56 
66 
57 
58 
59 
60 

8*38 
8*54 
8*71 
8*87 
904 
9*20 
9*36 

9'53 
9*69 
9-86 

61 
62 
63 
54 
55 
56 
*7 
68 
59 

•«4 
•14 

•»s 

•15 
•5 
•M 
'16 
•16 
•16 
•t6 

RETARDATION 

H 

M     S 

M 

8 

3 

Dm. 

•00 

1 

0    9"3 

0  19*66 

1 

0*16 

1 

2 

2 

0*33 

2 

•00 

3 

0  29*49 

3 

0*49 

3 

•01 

4 

0  $9*32 

4 

o*66 

4 

•01 

6 

049*15 

6 

0*82 

6 

•01 

7 

T  st£ 

7 

0*98 
1*15 

6 

7 

•01 

•02 

8 

I  18*64 

8 

1*31 

8 

•02 

9 

l  28*47 

9 

**47 

9 

•02 

10 

1  38-30 

10 

164 

10 

•03 

II 

1  4*13 

11 

i'8o 

11 

•03 

12 

«  5795 

12 

,#97 

12 

•03 

13 

1     7*78 

13 

1*13 

13 

•04 

14 

2  17*61 

14 

129 

14 

•04 

16 

2  27*44 

15 

2*46 

16 

04 

16 

2  37*27 

16 

262 

16 

•<H 

17 

2  47- 10 

17 

278 

17 

•05 

18 

1  5693 
3     6*76 

18 

2*9.5 

18 

•05 

19 

19 

3*n 

19 

•05 

20 

3  i*'59 

20 

328 

30 

"°5 

21 

3  26*42 

21 

3'44 

21 

•06 

22 

3  3*5*5 

22 

360 

22 

•06 

23 

3  46-08 

23 

3*77 

23 

•06 

24 

3  559" 

24 

393 

24 

•07 

26 
26 

4*10 
426 

26 
26 

•07 
•07 

27 

4*4* 

27 

•07 

28 

4*59 

28 

•08 

29 

4'75 

29 

•08 

30 

4*9« 

10 

-08 

31 

5-08 

31 

•08 

32 

5**4 

32 

•09 

33 

5'4» 

33 

•09 

34 

5*57 

34 

•09 

35 

5*73 

36 

•10 

36 

5'9o 
606 

36 

•10 

37 

37 

•10 

88 

6*23 

38 

•11 

39 

6*39 

39 

•11 

40 

6'5? 

40 

•11 

41 

672 

41 

•11 

42 

6*88 

42 

•12 

43 

7*04 

43 

-12 

44 

7*21 

44 

•12 

45 

7-37 

45 

•12 

46 

7*54 

46 

•»3 

47 

7-70 

47 

•13 

48 

7-86 

48 

•»3 

49 

8-03 

49 

•H 

60 

•''* 

50 

•»4 

61 

8*3* 

61 

•«4 

52 

8-52 
8*68 

52 

•14 

63 

53 

•15 

64 

8*85 

54 

**5 

65 

9'Qi 

66 

■•15 

56 

9'»7 

56 

•15 

67 

9'34 

W 

•16 

56 
69 

9-50 

$'*7 

68 

•16 
16 

60 

9*83 

60 

•16 

MO 
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9-07601 
9*07918 

9  36 
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APPARENT  TIME  OP  THE  8UN"S  RISING  AND  8ETTINO 

DscLiVATiotf,  of  the  mm  Nam*  as  the  Latitude 
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6    7 
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5  5> 
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«    $ 
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«    7 
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5  5* 
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;  4 
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6  ic 
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6  ,3 
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22 
23 
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25 
26 
27 
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29 
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6  o 
6  o 
6  o 
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6  o 
6  o 
6  o 
6  o 

6  o 
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6  o 
6  o 
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6  o 
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6  o 
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5  57 
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I     3 
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5  54 
5  53 
5  53 
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5  5* 
5  5* 

5  5» 

5  5« 
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6    7 
6    8 
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5  5" 
5  50 
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5  49 
5  49 
5  48 
5  48 
5  47 
5  47 

6    9 
6    9 

6  to 

6  10 

6  11 

6  11 

6  12 

6  12 

*'3 
6  13 
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5  48 
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5  45 
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5  44 
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6  12 
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6  14 

6  14 
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6  16 

6  16 

6  17 
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5  47 
5  46 

5  45 
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5  44 
5  43 
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5  4i 
5  4o 
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6  18 
6  19 
6  19 
6  20 
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5  44 
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5  4* 
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*  40 
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5  38 
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6  19 
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6  21 
6  22 
6  22 

30 
31 
32 
33 
34 
36 
36 
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30 
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6  o 
6  o 
6  o 
6  o 
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6  o 
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5  36 
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13 

5  *7 

6  23 
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6  29 
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6  o 
6  o 
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6  o 

6  o 
6  o 
6  o 
6  o 
6  o 
6  o 
6  o 
6  o 
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5  54 

5  54 
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5  43 
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6  14 
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6  17 
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5  38 
5  37 
5  36 
5  35 
5  34 
5  33 
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624 
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6  28 
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5  28 
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5  *5 
5  *4 
5  ^3 

6  27 
6  28 
6  29 
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6  31 
6  32 
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6  36 
6  37 

5  *9 
5  28 
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5  ** 
5  *5 
5  *4 
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5  21 
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5  >8 

6  31 
6  32 

S33 
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6  35 

6  36 
6  38 
6  39 
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6  42 
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6  o 
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5  48 
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6  23 
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625 
6  26 
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6  29 
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is 
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5  M 
5  x* 
5  lo 
5     8 
5    * 

6  39 
6  40 
6  41 
6  43 

6  46 
6  48 
6  50 

I  5* 
6  54 

5  i* 
5  15 
5  «3 
5  XI 
5  10 
5     8 
5    6 
5    4 
5     1 

4  59 

6  44 

a45 

<47 
6  49 

6  50 

6  52 

6  54 

6  56 

6  59 

7  1 

5  u 
5  lo 
5    8 
5    6 
5    4 
5    a 
4  59 
4  57 
4  54 
4  52 

6  49 
6  50 
6  52 

*  54 

5  56 

6  58 

7  1 
7  3 
7  6 
7     8 

60 
61 
62 
63 
64 
65 
66 
*1 

6  o 
6  o 
6  o 
6  o 
6  o 
6o 
6  o 
6  o 

6  o 
6  o 
6  o 
6  o 
6  o 
6  o 
6  o 
6  o 

5  46 

5  45 
5  44 
5  44 
5  43 
5  4* 
5  4* 

6  14 
6  ,4 
6  15 
6  16 
6  16 
6  t7 
6  18 
6  iS 

5  3* 
5  3" 
5  3o 
5  *8 
5  *7 
5  *6 
5  *4 
5  *3 

5  28 

6  29 
6  30 
6  32 
*  33 

«34 
6  35 

6  36 

5  >8 
5  >6 
5  14 
5  ,2 
5  lo 
5    8 
5     5 
5    4 

64i 

A  46 
•4* 

6  50 

6  54 
6  56 

5    4 

4  5* 
4  53 

4S2 
4  46 

4  44 

6  56 

6  59 

7  1 
7    4 
7     7 
7  10 

7  13 
7  16 

4  56 
4  54 

JS 

4  44 
4  4i 
4  37 
4  34 

M 

7    9 
7  l* 
7  * 

7  19 

7  *3 
7  26 

442 
4  46 

4  43 

4  39 

4  35 

4  3i 

4  *7 

4  *4 

7  11 
7  H 
7  17 
7  *i 
7  *5 
7  *9 

7  31 
7  36 
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Ris. 
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ir 
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16° 
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r 

Let 
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Ris.  )  Sett. 

Ris. 

Sett. 
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Sett 

Ris. 
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o° 

6>o- 

6*o" 
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6*0- 

6ko- 

6»o* 

6*o- 

6*o» 

6*o- 

6k  0" 

6*  0* 

2 

5  59 

6     1 

5  5*  *    * 

5  58 

6    2 

5  58 

6    2 

5  5j 

6    2 

55! 

6    2 

5  58 

6    % 

4 

5  57 

«     3 

5  57   6    3 

5  5« 

*    4 

5  56 

*    4 

5  56 

*    4 

5  56 

•    4 

5  55 

f    ^ 

6 

5  56  6    4 

5  55 

•    5 

5  55 

*    5 

5  54 

6    6 

5  54 

6    6 

5  53 

*    7 

5  53 

^    7 

8 

5  54 

6    6 

5  53 

6    8 

5  53 

6    7 

5  5* 

6     8 

5  5" 

6    9 

5  5" 

6    9 

5  50 

6  to 

10 

5  5» 

6    2 

5  5* 

6    9 

5  5i. 

6    9 

5  50 

6  10 

5  49 

6  11. 

5  49 

6  12 

5  48 

6  11 

12 

5  5' 

6    9 

5  5° 

6  10 

5  49 

6  11 

5  48 

6  12 

5  47 

6  13 

5  46 

6  14 

5  45 

6  15 

14 

5  5© 

6  ii 

5  4f 

6  12 

548 

6  13 

5  46 

6  14 

5  45 

6  15 

5  44 

6  16 

5  43 

6  17 

16 

5  47 

6  ,3 

5  46 

6  14 

5  45 

6  15 

5  44 

6  16 

5  4* 

6  18 

5  4i 

6  19 

5  40 

6  20 

18 

5  4« 

6  14 

5  44 

6  16 

5  43 

6  17 

5  4» 

6  i? 

5  40 

6  20 

5  39 

6  21 

5  37 

6  23 

20 

5  44 

6  16 

5  4* 

6  18 

5  4" 

6  19 

ns 

6  21 

5  38 

6   21 

5  36 

6  24 

5  34 

6  26 

21 

5  43 

6  17 

5  4" 

6  19 

540 

6  20 

6  22 

5  36 

6  24 

5  35 

6  25 

5  33 

6  27 

22 

5  4* 

6  18 

5  40 

6  20 

5  39 

6  21 

5  37 

6  23 

5  35 

!2 

5  33 

6  27 

5  3* 

6  2S 

23 

5  4i 

6  19 

5  39 

6  21 

5  38 

6  22 

5  36 

62 

5  34 

5  3* 

6  28 

5  3o 

6  30 

24 

5  40 

6  *o 

5  3« 

6  22 

5  36 

6  24 

5  34 

5  33 

6  27 

5  3> 

6  19 

5  *9 

6  31 

25 

5  39 

6  21 

5  37 

6  23 

5  35 

6  25 

5  33 

6  27 

5  31 

6  29 

5  *9 

I  31 

5  *7 

$  33 

26 

5  38 

6   21 

5  36 

6  24 

5  34 

6  26 

5  3* 

6  28 

5  30 

6  30 

5  *8 

6  31 

5  26 

6  34 

27 

5  37 

613 

5  35 

6  25 

5  33 

6  27 

5  3* 

6  29 

5  *9 

6  31 

5  26 

*  34 

5  *4 

6  36 

28 

5  3* 

«H 

5  34 

6  26 

5  3* 

6  28 

5  30 

6  30 

5  *7 

«  33 

5  *S 

«  35 

5  *3 

«  37 

29 

5  35 

«»5 

5  33 

6  27 

5  3* 

6  29 

5  *8 

6  32 

5  26 

6  H 

5  *3 

*  37 

5  2I 

6  3? 

90 

5  34 

«  16 

5  3* 

6  28 

5  *9 

6  31 

5  *7 

6  33 

5  *4 

636 

5  22 

638 

5  '9 

6  41 

SI 

5  33 

6*7 

5  3i 

6  29 

528 

6  32 

5  ** 

5  34 

5  *3 

6  37 

5  *° 

6  40 

5  >8 

6  42 

92 

5  3* 

6  it 

5*S 
5  *8 

*  3* 

5  *7 

6  33 

5  H 

6  36 

5  *' 

6  39 

5  19 

6  41 

5  l6 

6  44 

99 

5  3i 

6  29 

6  32 

5*6 

*  34 

5  *3 

6  37 

5  20 

6  40 

5  »7 

*  43 

5  H 

646 

94 

5  30 

6  30 

5  *7 

«  33 

5  *4 

636 

5  ax 

6  39 

5  *8 

6  42 

5  >5 

IV 

5  ,a 

648 

96 

13 

631 

526 

6  34 

5  *3 

*  37 

5  20 

6  40 

5  17 

$43 

5  »4 

5  ,f 

6  49 

9* 

«3» 

5  H 

636 

5  *« 

6  39 

5  >8 

!  4* 

5  15 

f  45 

5  12 

648 

5    9 

6  51 

97 

5  >6 

«  J4 

5  *3 

6  37 

5  *° 

6  40 

5  "7 

*  43 

5  *3 

6  47 

5  IO 

6  50 

5     7 

*  53 

98 

5  *5 

«35 

5  ** 

638 

5  «8 

6  42 

5  15 

$45 

5  I2 

648 

5    8 

6  51 

5     5 

5  55 

90 

5  *4 

6  36 

5  *° 

6  40 

5  17 

643 

5  «3 

*  47 

5  10 

6  50 

5    * 

*  54 

5     3 

*  5? 

40 

5  ** 

6  38 

5  »9 

i  41 

5  *5  *  *5 

5  14  6  46 

5  ,a 

$48 

5    8 

i  52 

5    4 

M 

5     1 

6  59 

41 

5  " 

6  39 

5  17 

*  43 

5  10 

6  50 

5    * 

M 

5    2 

6  58 

4  58 

7     * 

42 

5  *© 

6  40 

5  ** 

6  44 

5  12   6  48 

5    8 

6  52 

5    4 

5    ° 

7    0 

4  56 

7     4 

49 

5  18  642 

5  "4 

646 

5  «° 

6  50 

5    * 

5  54 

5    % 

6  58 

45! 

7    2 

4  54 

7     * 

44 

5  »7   *  43 

5  13 

*  47 

5    8 

6  52 

5    4 

656 

5070 

4  56 

7    4 

4  5i 

7    9 

45 

5  «5   «  45 

5  » 

6  49 

5    7 

6  53 

5    2 

658 

4  5f 

7    * 

4  53 

7     7 

4  49 

7  'J 

46 

5  H 

646 

5    9 

6  51 

5    5 

*  55 

5    ° 

7    © 

4  56 

7    4 

4  51 

7    9 

4  46 

7  14 

47 

5  s* 

648 

5    7 

*  53 

5    3 

6  57 

4  58 

7    * 

4  53 

7     7 

448 

7  12 

4  43 

7  "7 

48 

5  lo 

6  50 

5    5 

*  55 

5    « 

6  59 

4  56 

7    4 

4  5» 

7    9 

446 

7  >4 

4  4i 

7  19 

49 

5    8 

«P 

5    3 

*  57 

4  58 

7    * 

4  53 

7     7 

448 

7  '* 

443 

7  «7 

4  38 

7  22 

60 

5    « 

}» 

5     * 

6  59 

4  56 

7    4 

4  5' 

7    9 

4  4« 

7  H 

4  40 

7  20 

4  35 

7  *5 

61 

5    4 

4  59 

7     1 

4  54 

7    ^ 

4  48 

7  Ja 

4  43 

7  17 

4  37 

?3 

4  3' 

7  *9 

62 

5    t 

658 

4  $7 

7  1 

4  5» 

7    9 

4  46 

7  '4 

4  40 

7  *o 

4  34 

4  *8 

7  3* 

69 

5    ° 

7    © 

4  54 

4  4? 

7  *i 

4  43 

7  »7 

4  37 

7  *3 

4  31 

7  *9 

4  *4 

7  36 

64 

45! 

7    * 

4  S* 

7    8 

446 

7  H 

4  *> 

7  20 

4  33 

7  *7 

4  *7 

7  33 

4  10 

7  40 

66 

4  5* 

7    4 

449 

7  >i 

4  43 

7  »7 

4  37 

7  *3 

4  30 

7  30 

4  *3 

7  37 

4  >6 

7  44 

66 

4  53 

7    7 

4  47 

7  3 

4  40 

7  20 

4  33 

7  *7 

4*6 

7  34 

4  *9 

7  4i 

4  J1 

7  48 

67 

4  50 

7   10 

444 

4  37 

7  *3 

4  30 

7  30 

4  *3 

7  37 

4  15 

7  45 

4     8 

7  5* 

68 

4  47 

7  i| 

7  >* 

4  40 

7  20 

4  33 

7  *7 

4  26 

7  34 

4  »8 

7  4* 

4  n 

749 

4    3 

7  57 

60 

4  44 

4  37 

7  *J 

4  30 

7  30 

4  ** 

7?8 

4  14 

7  46 

4    * 

7H 

3  58 

8    2 

ao 

4  4* 

7  »9 

4  34 

7  *6 

416 

7  34 

4  >8 

7  4* 

4    9l7  51 

4    l 

7  59 

3  $J 

8    8 

61 

4  3l 

7  ** 

4  30  7  30 

4  ** 

7  38 

VI 

7  47 

4    4 

7  5* 

3  55 

8    5 

3  4^ 

8  14 

62 

4  34 

7  26 

4*6 

7  34 

4  »7 

7  43 

7  S* 

3  59 

8     1 

3  49 

8  11 

3  40 

8  20 

63 

4  3o 

7  SO 

4*1 

7  39 

4  «* 

748 

4    3 

7  57 

3  53 

8    7 

1$ 

8  17 

3  33 

8  *7 

64 

416 

7  34 

4  »7 

7  43 

4    7 

7  53 

S  57  J  8     3 

3  47   «  13 

8  *4 

\\l 

8  35 

66 

4  si 

7  39 

♦  "5 

748 

4     1 

7  59 

8  **   8    9 
3  44I8  16 

3  4018  20 

3  *8 

8  3* 

8  44 

06 

4  18 

7  4* 

4    « 

7  54 

3  55 

8    5 

3  3* 

8  *8 

3   20 

8  ¥> 

3    7 

8  $3 

661 

4  14 

746 

4    3 

7  57 

3  5* 

8    9 

3  40  8  20 

3  28 

8  3* 

3  *5 

8  45 

3     * 

8  59 
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APPARENT  TIME  OP  THE  BVN*  RISING  AND  SETTING 
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18° 

19° 

28° 

21° 

22° 

23° 

29 

W 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sect. 

Ris. 

Sett. 

Rie. 

Sett. 

Ris. 

Sett 

r 

6^  o" 

6*o- 

6*0" 

6ho* 

&om 

6*0- 

6*o» 

6*0*" 

6*o» 

6*o- 

6*o* 

6*o» 

6*o" 

6>o- 

3 

5  5» 

6    2 

5  58 

6    2 

5  58 

6    2 

5  57 

00 

5  57 

n 

5  57 

«    3 

5  57 

6    3 

4 

5  55 

«    5 

5  55 

*    5 

5  55 

<  i 

5  54 

5  54 

5  53 

6    7 

5  53 

6    7 

6 

5  5* 

6    S 

5  5» 

6    8 

5  5* 

5  5' 

6    9 

5  5i 

6    9 

5  50 

6  10 

5  *z 

6  10 

8 

5  50 

6  to 

5  49 

6  11 

i  49 

6  12 

548 

6  12 

5  47 

6  12 

5  47 

6  13 

5  4* 

6  14 

Id 

5  47 

6  i| 

5  46 

6  14 

5  46 

i\l 

5  45 

6  16 

5  44 

6  16 

5  43 

6  17 

5  43 

6  17 

12 

5  44 

6  16 

5  44 

6  17 

5  43 

5  4* 

6  19 

5  4" 

6  20 

5  40 

6  21 

5  39 

6  21 

14 

5  4« 

6  19 

5  40 

6  20 

5  39 

6  21 

5  38 

6  22 

5  37 

6  23 

5  3* 

6  24 

5  35 

6  *s 

14 

\$ 

6  21 

5  37 

6  23 

5  3* 

6  24 

5  35 

6  »S 

5  33 

6  27 

5  32 

6  28 

5  3« 

6  29 

18 

6*4 

5  34 

6  26 

5  33 

6  27 

5  3» 

6  29 

5  30 

6  30 

5  28 

6  32 

5  28 

6  32 

29 

5  33 

627 

5  31 

6  29 

5  30 

6  30 

5  28 

63* 

5  26 

6  34 

5  24 

636 

5  24 

6  30 

21 

5  3' 

6  29 

5  30 

6  30 

5  ^8 

6  32 

5  26 

6  34 

5  24 

6  36 

5  21 

6  38 

5  22 

638 

22 

5  30 

6  30 

5  »8 

6  32 

S  26 

*  34 

5  24 

6  36 

5  22 

6  38 

5  21 

6  39 

5  2° 

6  40 

23 

5  28 

6  32 

5  26 

6  34 

5  H 

636 

5  22 

6  38 

5  21 

6  39 

5  19 

6  41 

5  xS 

6  42 

24 

5  »7 

«33 

5  25 

*  35 

5  *3 

*  37 

5  *' 

6  39 

5  '9 

6  41 

5  >6 

**i 

5  »5 

5  45 

25 

5  *5 

6  35 
6  36 

5  23 

^  37 

5  21 

6  39 

5  *9 

6  41 

5  *7 

*  43 

5  "4 

6  46 

5  "3 

6  47 

26 

5  24 

5  21 

6  39 

5  '9 

6  41 

5  «7 

!« 

5  '5 

6  45 

5  '2 

6  48 

5  ■' 

6  49 

27 

5  22 

6  38 

5  to 

6  40 

5  "7 

$  « 

5  15 

«45 

5    '2 

648 

5  IO 

6  50 

5    9 

6  51 

28 

5  20 

6  40 

5  18 

6  42 

5  >5 

*  45 

5  *3 

«47 

5  IO 

6  50 

5    8 

6  52 

5     7 

$  53 

29 

5  >* 

641 

5  l6 

6  44 

5  '3 

*  47 

5  n 

6  49 

5    8 

6  52 

5    * 

6J* 

5    4 

6  56 

30 

5  17 

«43 

5  «4 

646 

5  JI 

6  49 

5    9 

«S« 

5    * 

6  54 

5     3 

6  57 

5    2 

6  58 

31 

5  «5 

^45 

5  ** 

648 

5    9 

6  51 

5    7 

11? 

5    4 

$   5o 

5     1 

6  59 

5    ° 

7    © 

32 

5  "3 

«47 

5  IO 

6  50 

5    7 

6  53 

5    4 

5    2 

6  58 

4  59 

7     J 

4  57 

7    3 

33 

5  IX 

6  49 

5    8 

6  52 

5    5 

«  55 

5    z 

6  58 

4  59 

7     l 

4  56 

7    4 

4  55 

7  5 
7     8 

34 

5    9 

651 

5    * 

6  54 

5    3 

«  57 

5    ° 

7     0 

4  57 

I  I 

4  53 

7    7 

4  52 

34 

5    7 

*  53 

5    4 

6  56 

5     1 

6  59 

4  58 

7     2 

4  54 

4  5» 

7    9 

4  49 

7  |! 

38 

5    5 

*  55 

5    * 

658 

4  5? 

7     i 

4  55 

7     5 

4  52 

7    8 

4  48 

7  12 

4  46 

7  «4 
7  16 

37 

5    3 

6  58 

5    ° 

7    ° 

4  5« 

7    4 

4  53 

7     7 

4  49 

7  11 

4  45 

7  15 

444 

38 

5     1 

6  59 

4  58 

7    2 

4  53 

7     7 

4  50 

7   «° 

4  46 

5  3 

4  43 

7  17 

4  4i 

7  19 

38 

4  59 

7     » 

+  55 

7     5 

4  5» 

7    9 

448 

7  12 

4  44 

4  40 

7  20 

4  38 

7  22 

40 

4  57 

11 

4  53 

7    7 

J3 

7  "t 

4  45i    7  15 

4  41 

7  19 

4  37 

7  23 

4  35 

7  25^ 

41 

4  54 

4  50 

7  10 

7  >4 

4  42     718 

4  38 

7  22 

4  33 

7  27 

4  3' 

7  29 

42 

4  5* 

7    8 

448 

7  ,a 

4  43 

7  17 

4  39     7  21 

4  35     7  25 

4  30 

7  30 

4  28 

7  32 
7  3* 

43 

4  49 

7  " 

4  45 

7  15 

4  4«    7  19 

4  36;   7-*4 

4  3i     7  29 

4  27 

7  33 

4  24 

44 

4  47! 7  13 

4  42  7  18 

4  38  '  7  22 

4  33     7  27 

4  28 

7  32 

4  23 

7  37 

j.  21 

7  39 

45 

4  44*7  i* 

4  39   7« 

4  35   7  25 

4  30 

7  30 

4  25 

7  35 

4  20 

7  40 

4  17 

7  43 

46 

4  4M  7  19 

4  36   7  24 

4  3« 

7  29 

4  26 

7  34 

4  21 

7  39 

4  l6 

7  44 

4  13 

7  47 

47 

4  3*   7  ** 

4  3317  27 

4  28 

7  3* 

4  23 

7  37 

4  17 

7  43 

4  ,a 

7  48 

4    9 

7  5' 

48 

4  35 

?u 

4  30   7  3° 

4  25 

7  35 

4  »9 

7  4' 

4  13 

7  47 

4     7 

7  53 

4    S 

2  55 

49 

4  3* 

4  27   7  33 

4  2I 

7  39 

4  15 

7  45 

4    9     7  5' 

4    3 

7  57 

4    ° 

8      O 

50 

4  29 

7  3« 

4  *3 

7  37 

4  >7 

7  43 

4  ll 

7  49 

4    5 

7  55 

3  5« 

8    2 
8     6 

3  55 

8    5 

51 

4  25 

7  3i 
7  3* 

4  >9 

7  41 

4  «3 

7  47 

4     7 

7  53 

4    © 

8    0 

3  54 

3  5o 

8  10 

52 

4  22 

4  «5 

7  45 

4    9 

7  5» 

4    2 

7  58 

3  55 

!  5 

3  48 

8  12 

3  45 

8  «5 

53 

4  18 

7  4* 

4  11 

7  49 

4    4 

7  5* 

3  58 

8     2 

3  50 

8  jo> 

3  43 

8  17 

3  39 

8  21 

54 

4  »4 

746 

4    7 

7  53 

4    0 

8    0 

3  5* 

8     8 

3  45 

! ,5 

3  37 

8  23 

3  33 

8  27 

55 

4    9 

7  5» 

4    2 

7  58 

3  55 

8     5 

3  47 

8  13 

3  39 

8  21 

3  3i 

8  29 

3  27 

8  33 

56 

4    5 

7  55 

3  57 

8     3 

3  49 

8  11 

3  4i 

8  19 

3  33 

8»7 

3  24 

8  36 

3  20 

8  40 

57 

4    ° 

X    0 

3  5* 

8     8 

3  44 

8  16 

3  35 

8  25 

3  26 

8  34 

3  17 

8  43 

3  l2 

8  48 

58 

3  55 

8     5 

3  46 

8  14 

3  38 

8  22 

3  *8 

8  32 

3  19 

841 

3    9 

8  51 

3    4 

8  <6 

59 

3  49 

8  it 

3  4° 

8  20 

3  3« 

8    2? 

3  21 

8  39 

3  " 

8  49 

3    0 

9    © 

2  5? 

,J.."f 

00 

3  43 

8  17 

3  34 

8  26 

3  24 

8  36 

3  13 

8  47 

3     2 

8  58 

2  5« 

9    9 

2  45 

9  ll 

61 

3  36 

8  24 

3  26 

8  34 

3  >* 

8  44 

3     5 

8  55 

2  53 

9     7 

2  4* 

9  20 

2  34 

9  20 

82 

3  29 

8  3' 

3  18   8  42 

3     7 

8  53 

2  55 

9     I 
9  16 

2  42 

9  18 

2  28 

9  3J 

2  21 

9  39 

83 

3  22 

8  38 

3  10  8  50 

2  58 

9    2 

2  44 

2  30 

9  30 

2  14 

9  4* 

2    6 

9  54 

ftl 

3  *3 

8  47 

3    0 

9    0 

z  47 

9  '3 

2  32 

9  28 

2  16 

9  44 

T    58 

IO     2 

1  48 

10  12 

65 

3     3 

*  57 

2  50 

9   JO 

2  35 

9  25 

2  18 

9  42 

2    0 

IO     c 

I    38 

10  22 

1  26 

10  34 

86 

*  53 

9     7 

*  37 

9  23 

2  21 

in 

2    2 

9  58 

1  3? 

IO  21 

I    IO 

10  50 

»  51 

11     9 

86| 

2  46   9  14 

2  30 

9  30 

2  12 

i  5" 

10    9 

1  26 

10  34 

O   48 

II     12 

0    0 

12    c 

[Let. 

Sett, 

Ris. 

Sett 

Ris. 

- 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

8«n. 

Ris 

Lit 

itttdei 

mdDc 

clinmti 

on  of  eo 

uttrury 

Names 

1 
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TABLE  37 


APPROXIMATE  APPARENT  TIME8  OP  THE 

MERIDIAN  PA8SAOE8  OF  THE  PRINCIPAL  FIXED  8TABS 

on  ths  rimer  day  of  bach  hohtb,  190*. 


Name 


•  AlMVOHMdM 

7  l>egeei 

•  Phoenicia 

a  Ceeeiopeei 

0  Ceti 

•  Uimi  Minoria 

•  Erideni 

7  Andromeda 

•  Arietit 

•  Ceii  

•  Pereei 

•  Twin 

•  Aorigai 
0  Orionia 
0  Taori 


8  Orionia..... 
«  Orionia 
a  Columbai 
•  Ononis 
0  Anrigai 


AlpheraiM 
Algmrib 


Sehedar 
Deneb  Kmito$ 


Pdaru 

Ackemar 

Almaeh 

Ham4l 

Menkar 


Jan. 


Feb.  Mar  J  April  May  Jane  July 


5  »9 

5  84  3  ii 

5  37.  3  «4 
5  S«  3  38| 
5  55  3  4* 


3    6|  i  I7«3  8321  3919  8917  2515  2013  94 
1  2223  2821  3719  3417  3015  2513  29 


6  40  4  27 

6  50  4  37 

7  14!  5    * 

7  18,  5    5 

8  13  6    o 

8  33  6  20 

9  46!  7  33 
O  2C  8  12' 

Bigtl  1 10  26  8  13 
Nath   10  36  8  23 


Mirjak 
Aldebaran 

Capella  '10  2 


I44 
o  23 

6  24 

6  34 


3  50 

4  *9 
4  30 

4  40 


Aug.  Sept 


Oct. 


"36 
11  41 


? 


Nor.,  Dee. 


9  4»  737 
9  45   7  42 
5*  7  55 


9  -  ,  - 
10  zal  8 


1  35  23  41  ei  50 19  47,17  43  *5  38.13  4*  ™ 
1  49^3  55«a  4»  1  J7  57  «5  Sa.13  56  w 
1  53a3  5932    820    518    i  15  5614    012  isio  16  8  13 

a  37  o  4322  5220  4918  4616  41 14  4612  5»n 

24805423    321    018561651,145513    7^11  .. 

3  12  1  1823  2721  2419  2017  15 15  1913  31:11  35'  9  3* 

3  16.  1  2223  31 21  2819  2417  1915  2313  35'xi  39;  9  36 

4  11'  2  17,  o  2622  2320  1918  1416  18 14  30'  __ 
4  31    «  37|  o  4622  4320  3918  3416  3814  50)12  54  io~5i 

1  5993  3*,91  5s  »9  47  »7  5«»6    314    7  12    4 

2  38,  o  35  22  31 20  26 18  31 16  43  14  47 12  43 
2  39  o 


■>  859 
nj  9  » 


_   22  3220  27  18  3i|i6  43JX4  47  i*43 
2  49  o  4622  4220  37.18  41 16  53  14  57  12  54 


49J2 


L  J-  1 


a  Argni 

7  Oeminonim 

a  Canit  Majorit 
«  Canii  MajorU 
a'  Oemincrnm 

a  Canii  Minoris 
0  Oemmornm 
f  AigAe  

8  Argna  ..... 

a  Hydra 


a,    1        .       ■,,-,,  .■#,°53«4f  44!i8  4817    <rfi$    4«3 

Alntlam   10  47,  8  34)  6  45  4  51I  3    00572a  53'20  48 18  52  17    4  15    8  13 

Pkact  |io  52  8  39;  6  50  4  56  3    51    222  5820  5318  5717    9x5  13 13  10 

Betelfu*—  jii    6  8  53  7    4  5  10  3  19   1  1623  1221    719  11 17  2315  27.13  23 

MenkaUnan  \n    8,  8  55  7    6  5  13  3  21'  i  1823  14I21    919  1317  25*15  29^3  26 

Canopu*  [ii  38  9  25  "7  36  5  42  3  51    1  4823  44  ai  39*9  43*7  55  IS  59^3  P 

i"  48,  9  35  7  4&!  $  5a  4    i|  *  58*3  54 «  491i9  53*8    516    914    6 

-    *  10  2    ~  "    -°~-     ~-m  "     ' 


Alhena 
8iriu$ 
Adara 
Ca$tor 


J 


Procyon 
Pollux 


7  4"  5 

«  57i  9  44,  7  55  ©  V  4  ">'  2  V  o  '321  5820  "218  I4'x6  1814  M 

12  11   9  58.  8    9  6  15!  4  24  2  2x1  o  17I22  ia|2o  16x8  28  16  32,14  2t 

12  4410  31   8  42  6  48  4  57  a  541  o  5022  4520  49.19    i'i7     -i*-'    • 


12  5010  37 


i4/fifc/?tv? 


a  Leonii 
71  Leonia 

*  ArgAa  

a  Urea  Mejorie 
I  Leonia 

0  Leonii 


Heyuiu* 
Algeiba 


y  Urea)  Majoria 
a*  r 


Denebola 
Phscda 
Crnoia 

0  Corvi    

a  Cannm  Vonaticorom    ........... 

~~~      Spiea 
Ben*tna$ch 


a  Virgimi 

*  Uraei  Majorit 

0  CenUari 

a  Draoonit 
a  BottU 


..  ^   '^  57J3  44"  55. 10    i;  8  io|  6    7* 
Dubhe  |x6  13 14    0x2  11 10  17  8  26'  6 
Zotna  1 16  25*14  ia'12  23*10  29  8  38  6 

|»7  0J14  47,"  58«  4  9  13,  7  1*1 
}7  AM  5«  »3  »  «  8  9  *7i  7  Ml 
!»7  37|i5  a4!3  35i«  4»l  9  5°j  7  4? 
Ii7  45j«5  3a,i3  43"  49!  9  58  7  55 
!!L_7i!5_54  14    5 ig  iiio  ao  8 

18  3616  23' 14  34  1 2  40;  10  49 
X9    o]i6  47x4  58 13    4  ix  13 

19  13x7    0x5  XIJ13  i7(xx  26 


Thuban 
Arcturus 


a1  Cenlaari 

a  Libra  Zuben  el  Oenubi 

0  Urea*  Minorii  Kochab 

0  Libra  £uMi  fl  CAn^mW 

a  Coronn  Boreal  ii 


19  18,17    5^x5  16  13  22x1  31 
19  27:17  1415  25  13  31  xi  40 

19  49  '7  36.x5  47,13  53."    * 


1  «7  48  15  59 


8  46, 

9  to| 

9  23 
9  afi 

9  37 

9  59 


I  31  33  3521  47,19  5»;i7  ♦• 

1  58    O     2  22   I420   18  18  15 

2  11     o    18  22  3020  34  18  IX 

3  3d    O  30  22   42  20  46  l8  4J 


3  1  i  523  1721  2x19  17 
3  5;  1  9  23  21.21  25,19  31 
3  38,  t  4223  5421  58J1954 

3  46     l    JO;   O      222      6WO    9 

3    12*  O  24'ga   2a2Q  2| 

23   2I»I   17 

j  .-,  -  ^1*3  34^a«  30 

•*  5  J?!  3  «3   1  35a3  39P'  35 

7  33   5  a8,  3  3a,  1  44*3  48?1  44 


6  4*1  4  37,  a  41   0  53*2 

7  6   5     >    3    S!  *  «7» 

7  i9;  5  t4J  3  18;  i  302 


717  54;16  514  «' 

2818  15x6  2614  32, 


a  fl^rpcnttd 

jBl  Scprpii     

a  Bcorpii 

a  Trinnguli  Atlitralii 

0  Druconta 


j4r^«r^  I31  35119  a6  1?  3715  4313  5211  49,  9  4* 

- |ai  5419  4i'i7  5ai§  58.M    7,"    4  IO 

*   32  44  20  31-18  42  16  4814  57 12  SS  10 


Ahtaid 


Bnt  Alhagnfi 

Mastnbati 

Vega 

AlUiir 


a  OpUachi 
7  Dracgmii 

a  Acjinltp 
«  Pavonia 

a  Ceph#i 
4  Pegae 

^  Grtiis    - P.„„.J  3  51 

11   Pisrift  A  tut  J^'orrra^iffi^      4     8 


Ih  tub 
"AUUramin 


t  405 
*  55   o 
a    3   o 


14    51a  1410  it 


1 12  20J10  17! 


7  55 

8  7 

8  13 


20 

20  28*18  t5'i6  2S14  32,12  4i|io  3«|  8  34 

_j4ijjAnrrii  !30  47  iB  34  16  4514  51 13    010  57  fl  53 

TiaTss  1843  16  5314  59x3    8x1     5;  9     i|  6 

3i   15  19     3  17  13  15  19x3  281 1  35!  9  31;  7 


5  5o  3  54  a    6 

6  24  6  2  18 

6     8   4  12  3  24 

*  *9  4  33,  a  45 

»sj|JaA_4! 

503   12    I    l6(23   12 

32    I 


3  3* 


58.14    7,12    4 10    a  7  s5   5  59| 
48  14  57,"  SS  10  50   «  45   6 

46[ao  33  IS  4410  5014  5912  5710  53  8  47.  6  5*1 
23  lo.ao  5«|i9  8x7  15J15  23(X3  ar>t  16,  9  u|  7  t-1 
=3  49,21  37, 19  47X7  54         W|    . 

X       223  49W    5919      617    15  IS    13  13      Bill       3     9 

i  34J23  21  2x  31  19  3817  47I15  44:13  4°  "  35  9 


5    1 


5  *7|  3  31 

6  7|  4  " 


S3 


_-,_JWJ9|i!?L 

38 12  33  ie  37|  8  49 

l|l2  5611      OJ  9   12 

24 13  19H  23J  9  35' 
21  5720    "  "  " 

6  42    12  20  2l|l8  id  l6  X4  14   912  I3JIO  25 
4  22  2020  2918  26l6  22  14  X713  21  10  33 


1  S4!ttj  41:21  51  19  5818    716    4,14 

2  3t|  o  192a  30 ao  36,18  4516  4*!i4 
-  »  5S!  <*  4**1  53*o  5919  817  515 
..  3  ifi   i    523  r£3i  22 19  31 17  a8,i5 

1  n      r      -  MI     C790      6l8       •»  I  C 


I 


TABLE  27  A 
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CORRECTION  OF  THE  TIMES  IN  TABLE  27  FOR  THE  BAY  OF  THE  MONTH, 

To  be  SmUrmcitd. 

Dej* 

Jan. 

Feb. 

Mar. 

Apr. 

Ma  j 

June 

Julj 

A**. 

Sept. 

Oct. 

Not. 

Dee. 

1 
S 
3 
4 
6 
tf 
7 

H 

• 
10 

o*  o« 

o    4 
o    9 
o  13 
0  18 

O   22 
O   26 
O    30 

0  35 
0  39 

o*  ©■ 

0    4 
0    8 
0  12 
0  16 
0  20 
0  24 
0  28 

0  36 

o»  o" 

0    4 
0    7 
0  11 
0  15 

0  19 
0  22 
0  26 
c  30 
0  3} 

o»  o* 

0    4 
0    7 
0  11 

0 18 
0  22 
0  26 
0  29 

©  33 

0*  o" 

0    4 
0    8 
0  11 
0  15 

0  19 

0  13 

0  27 
0  30 
0  35 

o»  0" 

O    4 
0     8 
0  12 
0  16 
0  21 
0  25 
0  29 
0  33 
0  37 

o»  o* 

0    4 
0    8 
0  11 
0  16 
0  21 

©  *5 
0  29 
0  33 

0  }7 

ok  o" 

0    4 
0    8 
0  12 
0  15 

0  19 
0  23 
0  17 
0  31 

0  35 

©*   OP 

0    4 
0    7 
0  11 

OIA 

0  18 

O  12 

O  25 

0  *9 
0  32 

©•-©■ 
0    4 
0    7 
0  ts 

0  if 

O  22 

0  ts 

0  29 
0  33 

©*  o» 

o* 

0  12 
0  1* 

0  to 

ov2 

0  32 

0  36 

0    4 
0    9 
0  13 
0  17 
0  tt 

0  20 

0  30 
0  15 

11 
IJ 
1.1 
14 
16 
1ft 
17 
18 
10 
20 

0  41 
0  48 
0  51 

0  56 

1  1 
1     5 
1     9 
*  >3 
1   18 
1  22 

0  40 
0  44 
0  48 

0  56 

1  0 

«     3 
«     7 
1  11 

1  '5 

0  37 
0  41 

0  44 
0  48 
0  52 

0  55 

0  59 

1  2 
1     6 
1   10 

0  36 
0  40 

04t 
0  48 

0  5i 

°  55 

0  59 

1  2 

1    6 
1   10 

0  39 
0  42 
0  46 
0  50 

0  54 

0  58 

1  2 
1     6 
1  10 
1  14 

0  41 

0  45 
0  49 

0  54 

0  58 

1  2 
1     6 
1  10 

1   >4 
1   19 

0  41 

0  45 
0  49 

9  53 

0  57 

1  1 

>    5 

»    9 
«  '3 
1  17 

038 
04* 
0  46 
0  50 
0  53 

0  57 

1  1 

«     5 
1     8 

I    12 

0  36 
0  40 

0  43 
0  47 
0  50 

°*4 

0  58 

1  1 

«     5 
1     8 

0  37 
0  40 
0  44 
04* 
0  51 

0  55 

0  59 

:  1 

1  10 

0  40 
044 
04* 
052 

0  56 

1  0 
»  4 
«  9 
«  »3 
>  »7 

0  52 

©  $7 

1  1 

1    6 

1  10 

>  »5 
1  19 

>  *4 

21 
22 
23 
24 
26 
2« 
27 
28 
20 
30 
31 

1  26 

1  31 
'  35 
»  39 

«  43 
»  47 

\z 

2  O 

*    4 
2    8 

1  19 

1  26 
1  30 

>  34 

1  38 
1  42 

«  45 

»   *4 
1  17 
1  21 

1  *4 
1  28 

»  3* 
«  35 

*  39 

IS 

I  50 

«  '3 
1  17 
1  21 

»  *5 

1  28 

I    36 
1    40 

>  44 

»  47 

1  18 

I    42 
I    26 

I    30 

•  34 
1  38 
14* 
1  46 
1  50 
1  55 
»  59 

1  13 

1  27 
1  31 

«  35 
»  39 
»  44 
1  4* 

1  56 

2  0 

1  21 

»  *5 

1  29 

1  33 
1  37 
1  4i 
«  45 
«  49 
»  53 

1  57 

2  1 

1    16 
I    19 

"  *3 
1  27 
«  3* 

:it 

1  4* 
*  45 
»  49 
1  52 

1  12 
1  16 
1  19 

1 26 
1 30 

« 34 
1 37 
1  41 
« 44 

»  14 
1  18 

1 21 
1 2$ 
1 29 

>  33 

>  37 

»  4» 

>  44 

!4S 

>  5* 

1  21 

»  *5 

1  30 

;st 

1  42 

» 47 

»  5« 

>  <5 

>  59 

1  28 

1  32 

*  37 

,4i 
1  46 

1  5c 

»  55 

*  59 
»    3 

2  8 

2    12 

TABLE  28 


CORRECTION  OF  THE  TIME  OF  THE  MOON'S  MER.  PASSAGE 

Long. 

in 
time. 

Daily  Variation  of  the  Moon's  Meridian  Passage 

Long. 

40" 

42" 

44- 

46- 

48- 

60" 

62- 

64- 

66- 
I- 

68- 
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20 

18 

16 

'5 

14 

'3 

»3 

12 

11 

10 

8 

6 

5 

3 

2*1 

'•4 

06 

0 

309 

29*2 

18 

16 

IS 

14 

'3 

12 

11 

11 

1 

9 

7 

6 

4 

3 

18 

i'3 

o-6 

0 

308 

29*3 

16 

>4 

*3 

12 

11 

10 

10 

9 

7 

6 

5 

4 

2 

16 

i'i 

0-5 

0 

307 

29-4 

H 

12 

11 

10 

10 

9 

8 

8 

7 

6 

5 

4 

3 

2 

«'4 

I'O 

o*4 

0 

300 

29  5 

12 

IO 

9 

8 

8 

7 

7 

7 

6 

5 

4 

4 

3 

2 

i*i 

o-8 

b-3 

0 

305 

29« 

9 

8 

7 

7 

6 

6 

6 

5 

5 

4 

4!     3 

2 

1   09 

o*6 

03 

0 

30'4 

.29-7 

6 

6 

S 

5 

5 

4 

4 

4 

4 

3 

3 

2 

2 

1   07 

0-5 

0*2 

0 

303 

.  29-tf 

4 

4 

4 

3 

3 

3 

3 

3 

2 

2 

2 

1 

1 

1  jo-5  p-3 

O'l 

0 

302 

,29*9 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

O   jO'2  0'2 

O'l 

0 

301 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

° 

0 

0 

0  p*o 

0 

0 

0 

300 

TABLE  34 


TABLE  33 


THF  SUN'S  PARALLAX  IN  ALTITUDE, 

DIP  OF  THE  SHORE 

AND  8EMIDIAMETER 

HORIZON 

MoctL 

Semid. 

Altitude 

Semid. 

.Month. 

Sj 

Ht.  of  the  Eye  in  i 

rt. 

0° 

l0°J20o30° 

40° 

60^  00° 

1 
70° 80° 

90c 

3~ 

ft 

10 

16!20 

u'sululu 

Jan.  1 

16' 17" 

8'7 

8'6j8'2 

7*6  p7 

5'6 

4^ 

—  \ — 
3-0  15 

0" 

i6'i5" 

Dec.  1 

\ 

i 

12 

«7M 

28J34J40145 

Feb.  1 

•6  ,5 

8-7 

8-6  82 

7-6 '6-6  56 

43 

3-0 

»"5 

0 

16    9 

Not.  1 

1 

\\ 
2 

3 
3 

6 

4 

tl 

"5 

IO 

I7,20|23 
12  1AI6 

Si1'11 

Mar.  1 

.6    9 

8-6 

8*5 

81 

7-s!6  6 

55 

|4"3 

3-0 

'*5 

0 

16     1 

Oct.  1 

2 

«f  5   7 

8 

Apr.  1 

16     1 

8-5 

8'4 

8*o 

7-4 1*5 

5*5 

43 

**9 

»*5 

0 

'5  53 

Sept.  1 

3 

2 

3  4  « 

3   4i  5 

7 
6 

1  9 

7    8 

10 
9 

May  I 

'$  53 

8'4 

*3 

t'O 

7*3 1*5  54 

4**  *'9 

«*5 

0 

'5  47 

Aug.! 

H 

3  4   5 

6   6   7 

8 

'UDO  1 

«J  47 

8v, 

8J 

8*0 

r3*4|5'4 

4-2  U'9  15 

0 

»5  45 

July   1 

4 

5 

3 

4  5 

4  4 

5    6    7 
5   6   6 

7 

7 

II             ■      1 

• 

i 

5    <    fr 

6 

J 

1 

X  X 


«74 

TABLE  36 

COAASS PON  DING 

Thkamomatbaa, 

Fahrenheit,  Centigiade,  Re**mnur. 

F. 

C. 

R. 

F. 

C. 

R. 

c 

<> 

0 

0 

0 

0 

-17*2 

-14-2 

60 

iV6 

124 

1 

— 17*2 

-138 

61 

161 

12*9 

2 

-16-7 

-133 

62 

167 

«3"3 

5 

— 16*1 

-129 

63 

172 

lyl 

4 

—  15-6 

-124 

64 

«r« 

14-2 

5 

— 1$*0 

—  12*0 

65 

183 

"4*7 

6 

-H'4 

-ij-6 

66 

i8-9 

15-1 

7 

-139 

—  Jl-1 

67 

19-4 

156 

8 

-»rj 

-107 

68 

20*0 

16*0 

9 

-12-8 

—  10*2 

69 

20*6 

16*4 

10 

—  12*2 

-  9-« 

70 
71 

21*1 

16*9 

11 

-n-7 

-  9*3 

217 

17-3 

12 

—  11*1 

-  «-9 

72 

22*2 

I7'8 

13 

-I06 

-  8'4 

73 

22*8 

18*2 

14 

—  lO'O 

-  80 

74 

*3*3 

18? 

15 

-  9*4 

-  7*5 

75 

*3'9 

19-1 

16 

-  8*9 

-  71 

76 

M*4 

19*6 

17 

-   8'3 

-  6-7 

77 

25*0 

wo 

18 

-  7'8 

-  6-2 

78 

2V6 

20-5 

19 

—    7*2 

-  5-* 

79 

26*  J 

20'9 

20 

-  6-7 

-   5*3 

80 

26-7 

24*3 

218" 

21 

—  6*i 

-  49 

81 

27-2 

22 

~    5'6 

-  4*4 

82 

*7-« 

22*2 

25 

—   5*0 

-  4*o 

83 

28-1 

227 

24 

-  4*4 

-  3-6 

84 

28-9 

23*1 

25 

-   3*9 

-  3-1 

85 

294 

236 

26 

-   3*3 

-  2-7 

86 

30*0 

24*0 

27 

-  2-8 

—    2*2 

87 

30*6 

*4'4 

'£* 

S'2 

-   i-8 

88 

31-1 

*4*9 

29 

-   1-7 

-   1-3 

89 

3»'7 

*5'3 

30 

—   i*i 

-  09 

90 

32*2 

15-8 

31 

-  o-6 

-  04 

91 

32-8 

262 

32 

0 

92 

33"3 

267 

33 

o*6 

0*4 

93 

33'9 

27-1 

34 

i*i 

0-9 

94 

34*4 

27-6 

35 

1-7 

•'3 

95 

35*o 

28*0 

36 

2*2 

r8 

96 

3V6 

28*4 

37 

2*8 

2*2 

97 

361 

289 

38 

3'3 

2-7 

96 

367 

29-3 

39 

3*9 

3« 

99 

37*2 

29*8 

40 

4*4 

3-6 

100 

37-8 

30*2 

41 

5"° 

4*0 

101 

3«-3 

307 

42 

5*6 

4*4 

102 

389 

31*1 

4J 

i-i 

4*9 

103 

39*4 

%*+ 

44 

•"7 

53 

104 

40*0 

32*0 

45 

7** 

5-* 

105 

40*6 

3*4 

46 

7*1 

6*2 

106 

41-1 

32*9 

4; 

«'3 

6-7 

107 

417 

33*3 
33*8 

48 

*9 

7*i 

108 

42-2 

49 

9*4 

7*5 

109 

42-8 

34*2 

30 

10*0 

80 

110 

43? 

34*7 

il 

io*6 

••4 

111 

43#9 

35*" 

52 

111 

8'9 

112 

44*4 

15-5 
36*0 

53 

"•7 

9'3 
9"« 

113 

450 

54 

12*2 

114 

* 

3*4 

55 

12*8 

10*2 

115 

3*9 

56 

•33 

IO7 

116 

4*7 

37*3 

5; 

>3*9 

II"! 

117 

47** 

37*8 

58 

144 

:i*6 

118 

47-8 

38-2 

59 

15*0 

12*0 

119 

48-1 

387 

00 

156 

12-4 

120 

48-9 

39-1 

TABLE  87 


CoAAKJFONDINO  FAC*CV  A  EXflUAM  MaaAUAA* 

Pa.  KtiomMr*,  HHr%  Diehaatw,  CairthnHra. 

_ 

MiUtoatra. 

•aaar* 

Bin*.  NMtical  MUa*  Ptat,  laefcea. 

Fr. 

KnfHah 

Fr. 

Bf 

MUat 

PMt 

PMt 

In. 

In. 

Ha. 

MfT.A) 

eorr.to 

eorr.to 

eorr.to 

eorr.to 

HSU. 

In. 

AMI. 

Metr. 

Daalm. 

Cant. 

Mitt. 

1 

0*539 

3*28 
656 

0*66 

039 

0*04 

640 

25*2 

S 

1*079 

0*79 
t*i8 

0*08 

643 

*5'3 

3 

1618 

984 

0*98 

0*12 

645 

*5'4 

4 

2*158 

IV 12 
10*40 

1*31 

>*57 

0*16 

648 

*55 

5 

2*697 

164 

i*97 

0*20 

650 

25-6 

6 

3*37 

19*68 

1*97 

2*36 

0*24 

653 

*5*7 

7 

3*77* 

A2*97 

2*30 

2*76 

0*28 

655 

258 

8 

4*316 

26*25 

2*62 

3>5 

0*31 

658 

25*9 

9 

4-I55 

*?*53 

295 

3*54 

0*35 

660 

26*0 

10 

5'394 

52*81 
65*62 

3-28 

3*94 

7*37 

0*39 

663 

26*1 

20 

10*79 

% 

0*79 

665 

262 

30 

1618 

98-43 

11*81 

1*18 

668 

26-3 

40 

21*58 

Itl*2 

■x: 

"5*75 

'•57 

670 

264 

50 

2697 

164*0 

1969 

"'97 

673 

265 

60 

3**37 

I969 

197 

23*62 

2*36 

676 

26*6 

70 

3776 

2297 

23*0 
26*2 

27*56 

276 

678 

267 

80 

43»5 

262*5 

31*50 

3«5 

681 

26*8 

90 

48-55 

*95'3 

20*5 

|f43 

3> 

683 

26*9 

100 

53"94 

328*1 
656-2 
984'3 

328 

39*4 

« 

686 

270 

200 

1079 

688 

27-1 

300 

161*8 

n*8t 

691 

17*2 

400 

2158 

1312*4 

•575 
19*68 

693 

27*3 

500 

269*7 

1640H 

696 

*7*4 

600 

3*3*7 

2296*6 

*j*6i 

698 

*7'5 

700 

3776 

27*5* 

701 

27*6 

800 

43«#5 

2614-7 

31*50 

704 

*7'7 

900 

4*55 

29|2*8 

3280-9 

35*43 

706 

*7* 

1000 

5394 

39*37 

709 

*7'9 

711 
714 

28*0 
28- 1 

716 

28*2 

719 

28*3 

721 

28*4 

724 

28*5 

726 

28*6 

729 

287 

732 

28*8 

734 

28*9 

737 

29*0 

739 

29*1 

742 

29*2 

744 

29*3 

747 

294 

749 

*9*5 

752 

29*6 

754 

29*7 

757 

29*8 

759 

29*9 

762 

30*0 

765 

30*1 

767 

30*2 

770 

30*3 

772 

30*4 

775     30*5 

777     306 

780    30*7 

782  ,  30*8 

785     30*9 

787  1  31*0 

TABLE  38 
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COKliECTIONS  OF  ALTITUDE  OF  THE  SUN  AND  STAiid 
(Iafolnng  Dip,  Befraction,  ©'•  Semid.  and  Parallax), 


FOR  APPBOXIMATB  USB  AT  8BA. 


The  SUN.    Add  the  Corr.  to  the  Alt.  of  the  Lower  limb,  exoept  where  marked  - . 

Alt. 

Height  of  the  Eye  in  Feet 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28    < 

M 

82 

84 

87 

40 

46 

50 

60 

Alt 

h 

^6 

2-3 

1 

2*0 

17 

/ 
1*4 

1 

1*2 

1 
i-o 

°#7, 

05 

1 
03 

4 

O'l- 

1 
•*I 

1 
-*3 

-'5 

1 
-7 

—  i*o 

1 
-i*3 

-17 

-2-4     U 

6 

3*5   32   2*9;  2-6  24  2-1    1*9   1-6;  1*4!  12;  1*0,0*8 

07 

o*5 

02 

o*o 

-0*4 

-o*8 

-I* 

<;   5 

*i 

4-a!  3*9  3*6,  33  3* 

29  27 

2*4    2*2    2*0    I'd    1-6 

l'4 

1*2 

i*o 

07 

0*3  -o*i 

-07;  H 

o-o    6 

6 

4.9  46  431  40  37 

35  3*3 

3-i|  2*9)  2*6;  24  23 

2*1 

1*9 

17 

i"4 

i*o 

0*6 

«H 

5-4  S'l   4'8  4-5:  4'3 

4*0  3*8 

3*6,  34  3*2  3*o;  28 
41   3**  37,  3-5:  3'3 
49  47  45  4*3  4*1 

2*6 

2*4 

2*2 

2*0 

1*6 

1*2 

0*6    6| 

7 

6*o  5*6  53 

5U  4'5 

4*6  4%3 

3*i 

29 

27 

2*5 

2*1 

1*7 

i-o1    7 

8 

67  6-4  6*1 

58  56 

5'3  5'i 

3*9 

37 

3*5 

3*3 

2*9 

2*6 

1*9    8 

9 

7*4'  71   6*8 

6*5  63 

6*0  58 
6*6  64 

5*6  54J  5-2,  5*«>:  i 

i1}  I'9  I7"  Is 

rs 

4* 

44 

42 

4*0 

3*6 

3*3 

2-6    9 

10 

8*°.  l'7\  ri 

7*1^*8 

5*4 

52 

5-c 

4*8 

4*5 

4*2 

3*9 

3*2   10 

11 

8*5'  8*ij  7*8 

7-6  7-3 

7*1   6*8 

6*6  64  6-2;  6*oj  58 

57 

55 

5*3 

5*o 

47 

4*3 

37  11 

12 

8*9  8-6  8*2 

8*o  77 

7*5  7*2 

7*0  6*8  6*6'  6*4'  6*2 

61 

5*5 

57 

5  "5 

5*1 

47 

4* 

1  12 

14 

9*5'  92  89 

8*6  8*3 

9*1   8*8 

81   7*9 

7-6,  741  7'|J  7'ij  6-9 

67 

6-5 

6'2 
6*8 

6*1 

57 

5*4 

47  14 

16 

100  97,  9*4 

8*6  84 

8-1  8*o(  7*8  7-6  74 

72 

7*c 

6-6 

6*3 

5"9 

5*2  16 

18      10-4101   9*8 

95  9'2 
9'8,  9'5 

9*o|  8-8 

8*5  83  81   7*9  77 
89  87i  8*5  8*3  81 

7*6 

7'4 

72 

6*9 

6*6 

6-3 

5*6  18 

20    :io*7  10*4  io*i 

9'3  9*1 

7*9 

77 

7*5 

7*2 

6*9     6-6 
72     6*8 

5*9,20 

22      ii-oio-6io'3  ioi|  98 

96  93 

91,  89  87  85  8*3 

8*2 

8-c 

>  77 

7*5 

6*2  22 

25     *i  1*3 10*9 

io*6  10*4 
ii-o'io-J 

^o*i 

99    Q-6 

9'4 

92  9*0  a*  87 
9*0,  94  92  9-1 

8'5 
8*9 

8'3 
87 

81 
"3*4 

7*9 

8*2 

75 
7*8 

71 

6*525 

30      11711-3 

Uo*5 

10*3  io*o 

9-8 

n 

6-8,  30 

35     i2-oii*6n*3|il*lio*8 

io*6 10*3 

ioi'  99  97,  9*5,  9*4 

92 

9*0 

87 

a 

81 

7-1.85 

40     i2*2ii*8ii*5'ii*3ii*o 

io*8  io-6 10-3  io*i   9*9  97(  9*6  9*4 

92 

9*0 

8-4 

80 

7*3  *0 

45    ji2*4i2*oii7|iia5iia2 

11010-8,10*510*310-1,  9*9  97   9*5 

9-4 

9*1 

8*9 

8'5 

8-2 

7*5  45 

50     12*5  12*2 11*911*611*3 

1  i*i  10*9 107,10*5 10*3  io*i|  9-9  97 

9*5 

9*3 

9*1 

87 

8-3 

77150 

60     127  12-412-1  n*8  n*6 

ii*3  ii'ijio-9 107  10-510*310*1   9*9 

9'8 

95 

93 

8*9 

8-S 

7*9,80 

70     jia?  ia-6 12*3  12*011*8 

u*5 11-311*1 10*9 107  10*510*3' io*i 

99 

97 

9*5 

91 

87 

8*i'70 

80      113*1  12*7  I2a4,I2*2IIa9 

117  n*4  ii*2  1 1  *oio*8 10*610*4' 10*3 

IO*I 

9'8 

96 

9*2 

8-9 

8-3'  80 

90      13*212-9  I2*6!l2'3'l2-0 

1 1 -8 1 1 -6 1 1 -4 1 1*2 1 1*0' 10*8 10*6)10*4 

10*2 

100 

9* 

9*4 

9*o 

8*4  90 

Month 

Jan. 

Feb. 

Mar. 

Apri 

L     May 

Jnne 

July 

Aug. 

Sept 

Oct 

Not. 

Dec 

Correction  1 
to  rran'i  alt  J 

1 

# 

1 

/ 

/ 

s 

/ 

/ 

/ 

# 

1 

/ 

+  03 

+  0*2 

+  01 

-o*i 

-0*2 

-0*2 

-03 

-0*2      - 

-01 

+  01 

+  0*2      +03 

• 
4 

A  STAR.    Subtract  the  Corr. 

Height  of  the  Eje  in  Feet 

10 

12 

14 

16 

18 

20 

22  j  24 

26 

28 

30 

32 

34 
176 

37 

40 

45 

50 

60 

19*6 

MS 

151 

154 

15-: 

•i6**o 

io'*2 

16-4 16*6 

I6** 

1 
170 

172 

I7'4 

17*9 

181 

1 8  4'  1^*8 

0 
4 

**» 

13*8 14*1 H'4 147  15*0 15*2 15*4 15*6,15 '81 16*0   162 

16 -4 

166 

16-9'  171    174   177 

18*5 

•H 

5 

12*9 132 13*5  138 141 14*3  H'5  I47,i4-9!i5-i;  153 
12*2 12*5  12*8 13*0 13*3 13c  137  13-9 14-1)14*3    145 
11*5  n-8  I2*i  12-4 12*6 12*8 13*0 13*213*4 13*6(  13-8 

155 

157 

16*0   162    165    16-917*6 

6 

•H 

147 

149 

15-2)  154   157    i6*i  16-8 

*H 

6 

140 

142 

145    147    i5*o   15*316*2     6 

H 

n*o,ii"5 11*6  ii*9  I2-1 12*3 12*5 127  I2*9|i3*i)  133 
10*510-8 1 1 -i  1 1 -41 1*6 1 1 -8 12-0 12*2  12*4 12-6   12*8 

135 

137 

139   142    144   I4*8i5'6i    Gi 

7 

130 

132 

>3'4   U7    MO   l4-4'i5-o     I 

8 

0-6  9  9 10-2 10*5  io*8 11  *o  1 1 -2 1 1*41 1 -6|i  1 -8   12*0 
8*9 _9*2 _?^5  9'8io-i  10*3 10*5  io7Jio*9ii*il  11*3 

12*2 

124 

126    129    13-2   13-614*3     8 

9 

jn 

117 

n*9   12*2    12-6   13*0137 •__ 

10 

8*4'  87,  90  0*3  9-6,  9*8 100  io*a  10-410*6,  io*8 

10*9 

ill 

1 1 -j  11 -6   12*0   I2*3'i3*0  10 
io*8)  n-i|  11-5   u*9'i2*5  11 

11 

7.9  82  8*5  8*8  oil  9*3  95!  97 
7-5'  7*8  8*i|  84]  8*6  89  9*r  93 
6-9  7*2  7*5  7*8  80  8*3  85  87 
6*4  6*7i  7-0  73  7*5'  78  80  82 

9*oioi|  103 

10-4 

io*6 

12 

9*5  97     99 

io-o 

I0'2 

10-4!  10-6.  11*0  11-412*0  12 

14 

89  o*i 
84  8*6 

n 

94 

96 

98  io*i|  10-5   10-8 1 1*5  14 

16 

K 

B 

0/3I    9-6   io*o   io*4!n*o  16 
8-9!    0*2!    96   10*010*6  18 
8-6     8*9     9*2     9*6 10  *2  20 

18 

6*o  63  6-6  6*9  7*2|  74  7*6  78 

8*0  8*2 

8-4 

20 

57i  *-*  6"3  6*6'  60  7*1!  7*3  75 

77 

7-9 

81 

8*2 

8*4 

22 

S-SI  5-8,  61I  63  6*6  6*8  7-0,  7*2 

7  4 

7*6 

78 

80 

81 

84 

8*6.    89     9*3 

9*8,  22 

26 

30 

5-2!  5'5  5'8  6*o»  63!  65  67!  69 
4*8  S'l!  5*4  T*  5*9  *•«"*! "5-5 

71 
67 

7*3 

75 

1 

f'7 
■•2 

7'8 

8*1 

77 

8-3'    8*6    9*0 

7*9J    83  ~Yr 

9'5l|t- 

6*9 

i    ?•! 

J 

7*4 

*•$¥ 

36 

4-5|  48  5*i,  5*3  56  58  6*o  6*2 

6*4 

6-6     68 

7*o 

7*2     7*4 

7*6     80     8*4 

9^96 

40 

4-3,  4*6  4*9  S-i   S3  5*5  5*8  60 

6*2  6*4'    65     67 

69!    71 

7*4)    7*8     8*2 

87    40 

45 

41   44  47,  4'9  5'l   5'4  5*6,  5*8  60  6-2]    6-3!    65     671     70 
3-9J  4*2,  4'5  4  7t  5*o'  5*2  5*4  56;  58  60     6-a!    64     65!    6-8 

72     76     80 

85   46 

60 

70     74     7'8 

8*3  60 

60 

37.  4-0  4-2  45;  4'8,  5*0  5*2,  5*4!  5*6  5*     60'    6-i,    6*    6  6     68     71     7*5 

8-1    60 

70 

3*5  3*8,  4-o,  4*3  4*5|  47  5  0  52   5*4   5*6    57l    59.    6-i;    63;    6-6:    69     7*3 

7*9   70 

80 

3#3  3*5  3*8|  4*1   4-31  4*6  48   501  52   5*4]     5*6j    5  7i     59     6-2     6-4'    67,    71 

77   80 

90 

3#ll  3*4   37   3*9  4'2  4*4   5*6  4*8,  50  52     54     56     57     6o|    62:    6*6     70  7*6   tt0 

«74 

TABLE  36 

Commit  ponding  THKaMOMiTBmm, 

Fahrenheit,  Centtgimde,  Rtaumur. 

F. 

C 

R. 

F. 

a 

R. 

c 

o 

o 

0 

0 

0 

-17*1 

-142 

00 

16*1 

124 

1 

-17-1 

-«v« 

61 

12-9 

2 

-16.7 

-133 

62 

167 

>3*3 

5 

-i6*i 

-129 

63 

17*2 

138 

4 

-15-6 

-124 

64 

17-8 

14-2 

5 

-i5o 

—  12*0 

65 

183 

>4*7 

6 

-'44 

-116 

66 

189 

15-1 

7 

-139 

—  1  i'i 

67 

19-4 

15-6 

8 

-ij-j 

-10*7 

68 

20*0 

16*0 

9 

-12*8 

—  10*2 

69 

20*6 

164 

10 

—  12'* 

-  98 

70 
71 

21*1 

16*9 

11 

-n-7 

-  9*3 

21*7 

17-3 

12 

—  11*1 

-  8-9 

72 

22*2 

17*8 

13 

—  ic-6 

-  8*4 

73 

22*8 

l8*2 

14 

—  lO'O 

-  8-o 

74 

*3*3 

18-7 

15 

-  9*4 

-  7*5 

75 

*39 

191 

16 

-  89 

—  7*> 

76 

24-4 

19*6 

17 

-   8'3 

-  6-7 

77 

2$*0 

2C*0 

18 

-  7*8 

-  62 

78 

2V6 

20'5 

19 

-    7*2 

-  5*8 

79 

26- 1 

20'9 

20 

-  6-7 

-   5*3 

80 

26-7 

24«3 

218" 

21 

-  6-i 

-  4*9 

81 

27-2 

22 

-  56 

-  4*4 

82 

*7-8 

22*2 

23 

-  5*o 

-  4*0 

83 

*8'1 

22*7 

24 

-  4*4 

-  3-6 

84 

28-9 

23*1 

25 

-   39 

-  3» 

85 

*9*4 

23*6 

26 

-  3*3 

-  27 

86 

30*0 

24*0 

27 

-    2*8 

—    2'2 

87 

30*6 

*4*4 

*ti 

V2 

-    I'8 

88 

311 

*4#9 

29 

-   1-7 

-   "*3 

89 

31-7 

*5*3 

30 

—  i-i 

-  09 

90 

32*2 

15*8 

31 

-  o-6 

-  0-4 

91 

32-8 

262 

32 

o 

0 

92 

333 

26*7 

33 

o*6 

o'4 

93 

339 

27*1 

jM 

i*i 

0-9 

94 

34*4 

*7*6 

36 

«*7 

•*3 

95 

35*o 

28-0 

36 

2*2 

1-8 

96 

1V« 

28-4 

37 

2*8 

2*2 

97 

36-1 

289 

38 

3*3 

**7 

96 

3*7 

29*3 

39 

3*9 

3" 

99 

37-2 

298 

40 

4*4 

3* 

100 

37-8 

30*2 

41 

5*o 

40 

101 

38-3 

307 

42 

it 

4*4 

102 

38*9 

31*1 

4J 

4*9 

103 

39*4 

316 

44 

•'7 

5'3 

104 

40*0 

32*0 

45 

7** 

5'8 

105 

40*6 

3**4 

46 

7*1 

6-i 

106 

41-1 

32*9 

47 

1-3 

«*7 

107 

4"*7 

33-3 
33*8 

48 

«9 

7*i 

108 

42'2 

49 

9*4 

z*$ 

109 

42-8 

34** 

50 

lO'O 

to 

no 

43*3 

34*7 

A 

io*6 

8'4 

111 

439 

35*» 

52 

in 

8-9 

112 

44'4 

35-5 
36*0 

53 

ii*7 

9'3 

113 

450 

54 

12*2 

98 

114 

* 

36*4 

55 

12*8 

10*2 

115 

3*5 

56 

•33 

10-7 

116 

4«*7 

37*3 

57 

•3*9 

11*1 

117 

47** 

37'8 

58 

*4*4 

:r6 

118 

47-8 

382 

59 

Mo 

12«0 

119 

48-1 

38-7 

00 

i5-6 

12-4 

120 

48-9 

39- 1 

TABLE  87 


CommtiFONDtNO  Fftrn-cu  St  Esanmm  MiAMin 

Fn.  mUfamMro,  Metro.  Dtetantoro,  Coiotiaokro, 
Millimetre. 

Bno.  NtoAicnl  MU04  Fool,  Inofcts. 

•nolo* 

Fr. 

KngHih 

Fr. 

** 

MUoo 

Foot 

Foot 

In. 

In. 

lto. 

oorr.to 

corr.to 

corr.to 

corr.to 

corr.to 

Mitt. 

faw 

Eli. 

Mttr. 

Dootm. 

Coot. 

Mill. 

1 

0*539 

328 

0-33 
o-66 

039 

0*04 

640 

25*2 

2 

1*079 

6- 56 
9*84 

0*79 

o*o8 

643 

25-3 

3 

1618 

0*98 

118 

on 

645 

25*4 

4 

2158 

IV 12 
16*40 

1-31 

"*57 

0*16 

648 

*5*5 

5 

2-697 

164 

**97 

0*20 

650 

25-6 

6 

r*37 

1968 

1-97 

2*36 

0*24 

653 

*5*7 

7 

3*776 

22*97 

2-30 

2*76 

0*28 

655 

25-8 

8 

4*316 

4**55 

26*25 

262 

3*>5 

0*31 

656 

*S*V 

9 

*?*53 

2*95 

3*54 

0*35 

660 

26-0 

10 

5*394 

J2*8, 

6c*62 
98*43 

328 

3*94 

7*87 

0*39 

663 

26-1 

20 

10*79 

6*56 

0*79 
1-18 

665 

26-2 

30 

1618 

9*«4 

11  Si 

666 

26-3 

40 

2158 

131*2 

131 

•5*75 

«-57 

670 

.64 

50 

2697 

164*0 

ii-4 

1969 

1-97 

673 

26*5 

60 

3**37 

1969 

19*7 

23*62 

236 

676 

26*6 

70 

37*76 

229*7 

23*0 

20*2 

27*56 

2*76 

678 

26-7 

80 

43*»5 

262*5 

3 1  50 

3»5 

681 

26-8 

90 

48-55 

*95*3 

29*5 

Jf*43 

3> 

683 

26-9 

100 

53*94 

3281 
656*2 

32*8 

39*4 

3*94 

7*87 

666 

27*0 

200 

107*9 

€66 

27*1 

300 

161*8 

984*3 

11*81 

691 

27*2 

400 
500 

2,5-8 
269-7 

it  12*4 
1640*4 

»5*75 
i9-6l 

693 
696 

*7"3 
*7*4 

600 

3*3*7 

2296*6 

23** 

698 

*7*5 

700 

377** 

27-56 

701 

27-6 

600 

43>*5 

2624-7 

31-50 

704 

*7'7 

900 

4855 

2952*8 

35*43 

706 

27-8 

1000 

539*4 

3280-9 

39*37 

709 

27-9 

711 
714 

28-0 
181 

716 

28-2 

719 

28-3 

721 

28-4 

724 

28-5 

726 

28*6 

729 

*8*7 

732 

28-8 

734 

28-9 

737 

29*0 

739 

29*1 

742 

292 

744 

29-3 

747 

294 

749 

29*5 

752 

29*6- 

754 

29*7 

757 

29*8 

759 

29-9 

762 

30*0 

765 

30*1 

767 

30*2 

770 

30*3 

772 

30*4 

775     305 

777     30*6 

780    50*7 

762     30*8 

785     30*9 

787     3i-c 

TABLE  38 

675 

COltliKCTIONS  OF  ALTITUDE  OF  THE  SUN   AND  STJiliS 

(InTolring  Dip,  Infraction,  ©'•  Semtd.  and  Parallax), 

FOR  APPftOXIMATB  USB  AT  8XA. 

The  SUN.    Add  the  Corr.  to  the  Alt.  of  the  Lower  limb,  except  where  marked  — . 

Alt. 

Height  of  the  Eje  in  Feet 

Alt 

8 

10  1  12  1 14  1  16  1  18  1  20  1  22 

24 

26 

28    < 

M 

82 

34 

37 

40 

46 

60 

60 

h 

!« 

'I'l'l''!1' 

2*3    2*0    1*7     1*4    1*2     1*0    07 

o*5 

1 
o*3 

t 
o*iL 

1 
••1 

-*3 

-•5 

-7 

-i*o 

1 
-1*3 

-17 

-2* 

4    U 

6 

3-5  3*2  2-9;  2*6'  2*4'  2*1    1-9   i*6(  i*4|  1 -aj  1*0,0*8 

07 

o*5 

02 

o*o 

-0*4 

-o*8 

-i*5!  5" 

*i 

4*2'  39  3*6,  3*3  3«|  **9  27j  2-4  22;  2*0   i*8(  r6 

1*4 

1*2 

1*0 

07 

0*3 

-o*i 

-07!    6J 

6 

4-9!  4*6  4*3!  4-o  37  35  33 

3-1,  2-Q   2*6,  2*4  23 
3*0,  3*4  3*2  3*0,  2*8 

2*1 

1*5 

>   17 

i*4 

i-o 

o*6 

o*o|   6 

e* 

54  5'i   4'8  4-S:  43;  4*o  3* 

2*6 

2*4 

.  2*2 

2*0 

1*6 

1*2 

0*6'    6J 

7 

6*0  5*6  53 

50  48  4*6  4*3 

4*i|  3*9  37,  3*5  3*3 

3'i 

2*9 

>  27 

2*5 

2*1 

17 

i-o1   7 

8 

67  64  6*i 

5*8   5*6 

P   5'i 

4*9  47  4*5  4*3!  4*1 

3*9 

37 

3*5 

3*3 

2*9 

2*6 

1*9!   8 

9 

7*V  n  6*8  6* 

5  6*3 
ifo** 

6*o  58 
"6^6*4 

6-i! 

5*4'  5*2  5*o;  48 

4*6 

4*4 

42 

4*0 

3*6 

3*3 

26    9 

10 

8"°,  l7\  7'i 

7* 

5*9!  57   5*5  5*4 

5*2 

5*c 

>  4*8 

4*5 

4*2 

3*9 

3*2  10 

11 

S-S  8*i|  78 

7*6,  7*3 

7*1   6-8 

6-6   6*4   6*2   6*o  c«8 

57 

5*5 

►  5*3 

5*o 

4*7 

4*3 

37  11 

12 

89  8*6  82 

8*0  77 

7*5  7*2 

7*0  6*8  6-6  6*4  6*2 

61 

5-9 

>  57 

5*5 

5*i 

47 

4* 

1  12 

14 

951  9'2  8*9 

8*6  83 

9*i   8*8 

81   7*9 

7*6  7*4'  7*2,  7*ij  6*9 

67 

6*5 

>  63 

►  6-8 

6*1 

8 

5*4 

47  14 

16 

io*o(  97,  94 

8*6  84 
9*0'  8*8 

8-1   8*o  7*8  7*6  7*4 

7*2 

7*c 

6*6 

5*9 

5*2  16 

18 

10*410*1'  9*8 

9*5'  9*2 

8*5  8-3!  8*i 

7*9  77 
83  8*1 

7*6 

7*4 

\  7*2 

6-9 

6*6 

6*3 

5*6'  18 

20      !IO*7IO'4IO*I 

9*8,  9*5 

9-3  9*1 

8*9  8*7i  85 

7*9 

77 

7*5 

7*2 

6*9     6*6 

5*9  20 
6-2  22 

22     !i  i*o  io*6  io*3io-i|  9*8 

96  93 

91.  89  87 

?'5  83 

8*2 

8c 

>  77 

7*5 

7*2     6*8 

25    in  '310-9 

10*610-4 
n*o|io*8 

IO*I 

99  96 

9*4 

92  9-08*  87 
9*6  9*4  9*2  91 

8*5 
8*9 

8*3 
T7 

8*i 
~S*4 

7*9 
8*2 

7*5 
78 

7*i 

6*5: 25 

30     11711*3 

105 

10*3  io*o 
io*o  10*3 

9*8 

7*5 

6*8,  30 

35     '12-0  11*6  u*3jil*i  10*8 

io*i   99  97i  9*5,  9*4 

92 

9*c 

►  87 

8*1 

8*1     7*S 

7*i|S5 

40      i2a2iia8il'5,li*3,li<o 

io*8 io-6 103 io*i   9*9  9*7,  9*6 

9*4 

92 

9*0 

8*4 

80 

7*3> 
7*5  4$ 

46     |12*4 12*0117111*511*2 

11*010-8,10*5 10*3  io*i|  9*9  97 

9*5 

9*4 

91 

8*9 

8*5 

8*2 

50      12*5  12*2  11*9 11*6 11*3 

1  i*i  10*9 107 10*5 10*3  io*i|  9*9 

97 

9*5 

9*3 

9*1 

87 

8*3 

77160 

60     127  12*412-1  ii*8 1 1 -6 

11*311*1 

10*9107  10*510*3  lO'I 

9*9 

9*8 

9*5 

9*3 

8-9 

8*5 

7*9,80 

70     |I2*9 12*6 12*312-0  II  -8 

ii-5  n*3 

1  i*i  10*910710*5 10*3  io*i 

9*9 

97 

9*5 

91 

8*7 

81  70 

80       13*1  12*7  I2*4II2*2U*9 

11711-4 

1 1  *2 1 1  *o  io*8  io*6 10*4'  10*3 

101 

9*8 

9*6 

9*2 

8*9 

8*3'  80 

90      |l3*2I2*9I2*6!l2*3I2*0 

11*811-6 

ii'4ii*aii*ojio-8j4-6jio-4|io-2 

10*0 

9*8 

9*4 

9-cJ 

!    8*4l90 

Month 

Jan. 

Feb. 

Mar. 

Apri 

L     May 

June 

Julj 

Aug. 

Sept 

Oct 

Not. 

Dee. 

Correction  1 
to  emi'i  alt  J 

1 

$ 

t 

/ 

t 

• 

1 

/ 

1 

1 

1 

/ 

+  03 

+  0*2 

+  o*i 

-o*i 

-0*2 

-0-2 

-03 

-0*2      ■ 

-o*i 

+  01 

+0*2     +03 

0 
4 

A  STAR.    Subtract  the  Corr. 

0 
4 

Height  of  the  Eje  in  Feet 

10 

12 

14 

16 

18 

20 

22     24 

26 

28 

30 

32 

34 
176 

37 

40 

45 

60 

60 

19*6 

14-8 

151 

15*4 

IS7 

icf-o 

Kf-2 

l6#*4 lo** 

I<v8 

1 
17*0 

1 
17*2 

17*4 

179 

181    18*4'  i&*8 

4|  '13*8 14*» '4*4 147  15*0 15*2 15*4 i5*6i5*8ii6*o   162 

16 '4 

166 

16*9'  171:  17*4   I77ji8*5 

*i 

5 

12*9 132 13S  138 141 14*3  MS  14  7ti4-9,i5-i|  "5*3 
12*2  ia<  12*8 13*0 13*3 13?  137  139 141 14*3   14*5 
11*5  ii*8  I2*i  12*4 12*6 12*8 13*0 13*2,13*4.13*6   13*8 

»5*5 

157 

16*0   162   165    i6*9;i7'6 

6 

•H 

147 

149 

152I  15*4   157   161 168 

*i 

6 

140 

142 

14*5,  147    i5*o  I5*3i6*2    « 

H 

11*011*3  ii"6 11*9 12*1 12*312*5127  I2*9'i3*ii  13*3 
10*510*811*1 1 1  4 1 1 -6 11 -812*012  2  12*412  6   12*8 

13*5 

137 

139   142    144   I4-8I5*!    ci 

7 

130 

132 

13*4   137   >4*o   14*415*0     7 

8 

o*6  9  9iO'2io'iio*8iiaoii'2ii*4'ii'6|ii*8!  12*0 
8-9  9*2 jr$  9810*1 10*3 io*5 io*7|io*9 ii*il  n;3 

12*2 

12*4' 

12*6   129   132   136 14*3     8 

9 

11*5 

117 

1 1  9   12*2   i2*6_i3*o'i37 •_.. 

10 

"8*4!  8*7|  9'°  9*3  9*6  9*8 10*010*2. 10*4  io*6   io*8 

10*9 

II*I 

1 1  j  ii*6   i2*o   I2*3'i3*o"l0 
io*8'  ii*i|  n*5   u*9'i2*5  11 

11 

79  82  85  8*8,  9-1!  5*3  9*5;  97 
7-5  7*8  8*i;  8*4J  8*6  8*9  9*1   9*3 

9*910*1 

103 

104 

io*6 

12 

9*5  97 
89  51 
84  1*6 

99 

10*0 

IO-2 

10*41  io*6   n*o  ii*4;i2*o  12 

14 

6*9  7*2  7*5  7*8  80'  8*3  8*5  87 
64  67,  7*o  7*3  7*5  7*8  8*o  8*2 

n 

9*4 

9*6 

9*8  io*i|  10*5  io*8;n*5  14 

16 

2"° 

!'5 

91 

§•3     9*6   io*o   io*4!n*o  16 
8-9     0*2!    9*6   io«oio*6  18 
8*6]    8*9     9*2     9*610*2  20 
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1   "5 

1    19 

ft  ftft 

"     5 

1  11 

1    :6 

ft  4ft 

'     J 

1     8 

1   «3 

5  60 

1    0 

"     5 

I     IO 

ft    ft 

0  57 

>     3 

«     7 

a  ftft 

0  51 

0  57 

1     ll 

a  4ft 

0  47 

0  51 

0  541 

7    « 

0  45 

0  47 

OS- 

7ft0 

0  41 

0  44 

©  47 

7  40 

©  37 

0  40 

04a 

ft  ft 

0  34 

0  36 

03I 

ft  90 

0  30 

0  3a 

0  33 

ft    0 

0  26 

0  a8 

0  19 

9  ftft 

0  22 

0  24 

0  a5 

1ft    ft 

0  19 

0  16 

0  20 

0  20 

16  30 

0  17 

0  18 

II     ft 

0  14 

0  14 

0  14 

11  30 

0  12 

0  12      0  11 

1ft    0 

I  I 

0    9 

0    9 

13    0 

0    6 

0    7 

14    0 

0    4 

0    3 

0    a 

1ft    ft 

0    0 

0    0 

0    0 

tmK 

««6. 

«*. 

Ift    ft 

0     O 

0    a 

0     3 

17    • 

O     1 

0    4 

0    6 

1ft    ft 

0     $ 

0    6 

0    8 

SO    0 

0     S 

0    9 

0  11 

ss   0 

O    IO 

0  14 

0  15 

24    0 

0  13 

0  15 

0  18 

sa  0 

0  15 

0  17 

0  19 

28    ft 

0  17 

0  ao 

0  ai 

30    0 

0  18 

O  21 

0  a4 

34    0 

0  20 

0  24 

0  27 

40    0 

0  23 

0  27 

0  30 

Aft    0 

0  24 

0  27 

0  30 

GO    0 

0  21 

0  24 

0  a7 

ftft    0 

0  18 

0  21 

0  a3 

'70  0 

0  16 

0  18 

0  ao 

74    0 

0  13 

0  ift 

0  a 

7ft    0 

O    IO 

O   IS 

0  13 

ftft    ft 

0    8 

O  IO 

0  11 

82    ft 

0    6 

0    8 

:  i 

84    ft 

0    5 

0    ft 

86    0 

0404 

©  4 

88    0 

0    2 

0    a 

0    s 

90    0 

0    0 

0    0 

0    c 
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f— ■      J 

AZIMUTH,  AND  CORRESPONDING  CHANGE  OF  ALTITUDE 

1*1- 

or  TIMS 

»inl» 

14U. 

Chaage 

of  Altitud 

0' 

r 

r 

*' 

*' 

6' 

6* 

r 

8'  |  0' 

10' 

11' 

12' 

13* 

14' 

it' 

8° 

o° 

4°l  8° 

12* 

15° 

19° 

*4° 

28° 

J*° 

37° 

4*° 

47° 

yf 

6o° 

690 

*7° 

1 

o 

2 

12 

15 

'9 

*4 

28 

3* 

37 

4* 

47 

53 

60 

69 

«7 

4 

o 

8 

12 

15 

20 

*4 

28 

3* 

37 

4* 

47 

53 

60 

69 

a 

o 

8 

12 

16 

20 

*4 

18 

3* 

37 

4* 

48 

54 

61 

70 

« 

o 

8 

12 

16 

20 

*4 

28 

33 

37 

4* 

48 

54 

61 

71 

10 

o 

4   S 

12 

16 

20 

*4 

28 

33 

38 

43 

48 

54 

62 

71 

11 

O    4 

T 

12 

16 

20 

*4 

23 

33 

38 

43 

48 

55 

62 

7* 

12 

o 

8 

12 

16 

20 

*4 

28 

33 

38 

43 

49 

55 

62 

73 

13 

o 

8 

12 

16 

20 

*4 

*9 

33 

38 

43 

49 

55 

63 

73 

14 

o 

8 

12 

16 

20 

H 

*9 

33 

38 

43 

49 

5! 

i3 

74 

15 

o 

8 

12 

16 

20 

*4 

*9 

34 

38 

44 

49 

56 

64 

?! 

1ft 

o 

8 

1» 

16 

20 

*5 

*9 

34 

39 

44 

5° 

5* 

64 

17 

o 

8 

12 

16 

20 

*5 

*9 

34 

39 

44 

5° 

57 

65 

77 

18 

o 

8 

12 

16 

21 

*5 

*9 

34 

39 

44 

5° 

57 

66 

79 

19 

o 

8 

12 

16 

21 

*5 

30 

34 

39 

45 

5> 

58 

66 

81 

20 

o 

8 

I* 

,6 

21 

*5 

I© 

35 

40 

45 

5i 

58 

67 

83 

21 

o  i  4 

8 

I* 

17 

21 

*5 

30 

35 

40 

46 

5* 

I9 

68 

89 

22 

o  1  4 

8 

12 

"7 

21 

16 

30 

35 

40 

46 

5* 

60 

«9 

23 

°  i  * 

8 

-3 

17 

21 

26 

3° 

35 

4' 

46 

53 

60 

70 

24 

°    4 

8 

13 

17 

21 

26 

31 

36 

4i 

47 

53 

61 

7* 

23 

0   4 

.8 

13 

17 

22 

26 

31 

** 

41 

47 

54 

62 

73 

Si 

o  1  4 

9 

13 

17 

22 

26 

3i 

36 

4* 

48 

55 

*3 

75 

27 

°  1  4 

9 

13 

17 

22 

27 

3* 

37 

4* 

48 

\l 

^ 

77 

28 

°   ♦ 

9 

13 

18 

22 

*7 

3* 

37 

43 

49 

il 

79 

29 

°   ♦ 

9 

13 

i« 

22 

»7 

3* 

37 

43 

50 

57 

66 

82 

33 

o  !  4 

J 

13 

18 

*3 

*7 

33 

JL 

44 

5o 

5* 

«7 

31 

o 

9 

13 

18 

*3 

23 

33 

38 

44 

5i 

12 

69 

32 

o 

9 

14 

18 

*3 

28 

33 

39 

4I 

5* 

71 

33 

o 

o 

14 

19 

*3 

28 

34 

39 

53 

61 

73 

34 

o 

9 

14 

19 

*4 

*9 

34 

40 

4* 

54 

62 

7* 

i 

3* 

o 

9 

H 

19 

*4 

*9 

35 

41 

47 

54 

64 

1 

3G 

o 

9 

«4 

19 

*4 

30 

>! 

41 

48 

55 

is 

8l 

1 

37 

o 

IO 

14 

19 

*5 

30 

4* 

49 

57 

V 

f 

38 

o 

io 

15 

20 

*5 

30 

s^ 

43 

49 

58 

69 

30 

o 

IO 

15 

20 

*f 

3i 

37 

43 

5i 

2 

71 

40 

o 

IO 

15 

20 

26 

3i 

38 

44 

5* 

73 

41 

o 

IO 

15 

21 

26 

3* 

38 

$ 

53 

62 

76 

42 

o 

IO 

16 

21 

*7 

33 

39 

54 

& 

81 

43 

o 

IO 

16 

21 

*7 

33 

40 

47 

55 

44 

o 

II 

16 

22 

28 

34 

40 

48 

57 

68 

45 

o 

II 

16 

22 

28 

34 

4» 

49 

£ 

71 

46 

o 

11 

«7 

*3 

*9 

M 

4* 

5o 

74 

47 

o 

II 

17 

*3 

29 

43 

5i 

62 

78 

48 

o 

11 

17 

*3 

30 

37 

44 

53 

it 

85 

49 

o 

13 

18 

*4 

3i 

3« 

45 

$ 

; 

*rt 

o 

13 

18 

*5 

31 

3« 

47 

69 

ok 

o 

11 

19 

11 

3* 

39 

48 

£ 

7* 

52 

o 

12 

»9 

33 

4i 

49 

77 

33 

o 

»3 

19 

26 

34 

4* 

5i 

62 

85 

64 

o 

>3 

20 

27 

35 

43 

53 

ii 

55 

o 

13 

20 

28 

36 

44 

54 

58 

o 

14 

21 

28 

37 

46 

57 

73 

37 

o 

14 

22 

29 

3« 

47 

il 

7» 

58 

o 

15 

22 

30 

40 

49 

60 

£> 

13 

*3 

31 

40 

51 

f5 

80 

o 

>5, 
16 

24 

3* 

4* 

53 

«9 

61 

o 

*4 

33 

43 

56 

74 

82 

o 

6 

*5 

35 

45 

58 

«4 

63 

o 

17 

26 

36 

47 

62 

84 

o 

ik 

27 

37 

49 

64 

1 

*6 

o 

i 

22 

39 

5* 

70 

1 

88 

o 

•9 

*9 

4> 

55 

80 

1 

G88 


TABLE  47 


TABLF.  48 


LIMITS,   AT  SKA,   OF  TUB 
REDUCTION  TO  THE   MERIDIAN. 


Lat. 


& 

5 
10 
15 
20 
25 
SO 
35^ 
40 
44 
4* 
52 
56 
60 
64 
68 


Declination  of  thai 


i  Name  at  lb*  Lat. 


5°         10°        15°        90°        23° 


0 
5 

10 
15 
SO 
35 

do 

35 
40 
44 

48 
58 
56 
60 
64 
68 


o  25 
o  29 

°H 

o  38 
o  44 

0  52 

1  o 
1  10 


°*  3- 

|  o    o 

0    3 

I  I 

O    II 

o  15 
o  18 
o  23 
o  26 

031 

o  36  i 
o  42  1 
o  49 

0  57 

1  8 


o*  5« 

o    3 


o  12 
o  16 


o* 

;  O 

i° 

o 
o 
o 
o 
o 


1  ofcii" 

o    8 


i  o 
1  o 

lo 

:°  3 

:  o  6 

,  o  10 


,  owi4' 
!  o  10 

I  °  7 
5 
o 
o 


o  !  o 


o  17 

O  21 

o  25 
o  30 
o  36 
o  44 
o  52 
«    3 


Declination  of  contrary  Name  to  the  Lat. 


041 
0  47 

0  55 

1  3 
I  13 


o  30 
o  34 
°  39 
o  44 
o  50 

0  57 

1  6 
I  16 


8 
11 

"3 
16 

19 
22 
o  25 
o  29 

o33~ 
o  37 
o  41 
o  46 

0  52 

1  00 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
I 

thile 


32 

36 
40 
44 
49 
55 
3 
visible. 


VALUE    OF 

THE  REDUCTION. 

AT  WHlCfl   THE  2** 

■«D"  AMOUNTS  TO   I* 

Mer 
Alt, 

*  Redac 

Mer 

Alt. 

1 
Redm 

*°   4°4o' 

45° 

I°2,' 

II 

4  16 

Hi 

I    21 

7 

3  57 

47 

I    20 

8 

3  4i 

48 

I     19 

• 

3  *» 

49 

1    '7 

10 

1  i« 

50 

1   16 

II 

3     « 

61 

1   "5 

13 

3    0 

62 

1   *3 

IS 

*  53 

53 

1    12 

■4  1  2  46 

54 

1    11 

15 

2  40 

55 

1     9 

If 

*  35 

56 

1     8 

17 

a  30 

«7 

1     7 

18 

1  25 

56 

1     6 

19 

2    21 

50 

1     4 

30 

2    17 

60 

1     3 

31 

*    '4 

61 

l     2 

33 

2    IO 

63 

1     0 

33 

*     7 

63 

0  59 

34 
St 

*     4 

64 

0  SS 

2     2 

65 

0  57 

96 

»  59 

66 

0  55 

97 

1  56 

«7 

0  54 

96 

■  54 

68 

0  53 

99 

*  5« 

ae 

0  52 

99 

1  49 

70 

0  50 

91 

»  47 

71 

0  49 

99 

»  45 

72 

0  47 

35 

»  43 

73 

0  46 

34 

»  4" 

74 

0  44 

36 

»  39 

75 

0  43 

39 

»   37 

76 

0  41 

87 

1   36 

77 

0  40 

39 

*  34 

78 

0  38 

39 

»  3* 

79 

0  37 

49 

*  3« 

90 

0  35 

41 

1  29 

81 

0  33 

4» 

1  27 

83 

0  31 

li* 

1  26 

83 

0  29 

r 

«  H 

84  |  027 
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689 


FOK  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN  IN  SECONDS 

0  Houftf 

s. 

0- 

1- 

2- 

3-   j   4-    j   5- 

•■ 

7-    |    8- 

yn 

10- 

11- 

M» 

0 

</o 

*'o 

7'* 

"7'7 

3>'4 

4/1 

7</7 

96'!    115*7 

*59'o 

196^3 

*37'5 

181^7 

60 

1 

O'O 

2*0 

80 

17-9 

3»'7 

49*4 

711 

966 

126*2 

1596 

1970 

238-3 

183*5 

69 

S 

o-o 

2*  I 

81 

181 

31-9 

49*7 

7i-5 

97*1 

116*7 

160-2 

197*6 

2390 

184-1 

68 

s 

O-O 

2*1 

82 

18*3 

32*2 

501 

7«-9 

976 

117*1 

I60S 

198-3 

*397 

185-0 

67 

4 

o-o 

2*2 

8-4 

185 

3**5 

504 

7**3 

98*1 

117-8 

161*4 

1989 

240*4 

1858 

66 

* 

O'O 

*'3 

8-5 

187 

3**7 

50*7 

727 

98*5 

118-3 

161*0    195  6 

241*2 

186-6 

66 

• 

o-o 

**4 

8*7 

18*9 

33*0 

$«"" 

73" 

990 

1188 

1616 

200*3 

2419 

287*4 

64 

7 

o-o 

*"4 

8*8 

191 

333 

5»*4 

73*5 

99*4 

119-4 

163-1 

200*9 

242*6 

288*2 

63 

8 

O'O 

a*5      89 

»9-3 

33*5 

5*7 

73'9 

99*9 

1199 

1638 

2OI*0 

*43*3 

289*0 

62 

9 

o-o 

26 

9> 

«9-5 

3?8 

52-1 

74*3 

100*4 

130*4 

1644 

202*2 

2441 

2898 

61 

10 

o-o 

*'7 

9*2 

197 

W 

5*'4 

747 

ioo*8 

131*0 

165*0 

202*9 

244-8 

290*6 

60 

11 

O*! 

2-7 

9*4 

199 

34*4 

52*7 

75*1 

iot*3 

131*5 

165*6 

203*6 

*45*5 

291*4 

49 

IS 

0*1 

2-8 

9*l 

20-1 

346 

53" 

75'5 

tot -8 

1310 

166-1 

204*2 

246*2 

292-2 

48 

13 

O'l 

2'9 

9-6 

20'3 

34*9 

53*4 

75*9 

101-3 

131*6 

t66*8 

2049 

247*0 

2930 

47 

14 

o*i 

3-0 

9* 

20-5 

35* 

53*8 

7fl 

IOI7 

133*1 

167*4 

205*6 

*47*7 

293*8 

46 

16 

O'l 

3'» 

99 

207 

35*5 

54" 

76*7 

103*2 

1336 

1680 

206-3 

248*5 

2946 

45 

16 

o*i 

3*i 

IO'I 

20*9 

35*7 

54'5 

77* « 

103-7 

134*1 

168-6 

206*9 

2492 

*9r4 

44 

17 

o*2 

3-2 

IO'2 

21*2 

36-0 

54-8 

77*5 

104*2 

«34*7 

169*1 

207-6 

*49#9 

296*2 

43 

18 

o*2 

3*3 

10-4 

214 

Jfl 

55'i 

77*9 

104*6 

»35*3 

169*8 

208*3 

250*7 

297*0 

42 

19 

o-a 

34 

10-5 

21*6 

366 

555 

78-3 

105*1 

135-8 

170-4 

208*9 

»5i-4 

*97*8 

41 

20 

0*2 

3*5 

107 

21*8 

36*9 

55-8 

78*8 

105*6 

136*4 

171*0 

209*6 

252*2 

298-6 

40 

21 

o-3    3-6 

108 

22  *0 

37** 

56-2 

79*a 

106' 1 

1369 

171*6 

210-3 

252*9 

299-4 

39 

22 

°#3  |  3*7 

11*0 

12*3 

37*4 

5*5 

796 

106*6 

"37*4 

171-1 

211*0 

2536 

300*2 

38 

23 

o-3  ■  3-8 

in 

22*5 

37*7 

5*5*9 

800 

107*0 

138*0 

172*9 

211*6 

*54*4 

.301*0 

37 

24 

o-3    3-8 

113 

22*7 

38*0 

57*3 

80*4 

107*5 

»38'5 

"73*5 

212*3 

2551 

301*8 

36 

25 

o-3    39 

11-5 

22*9 

sfl 

57*6  |  8o*8 

108-0 

139-1 

1741 

213*0 

%5il 

256*6 

302*6 

35 

96 

o-4 

4-0 

11  6 

23*1 

38*6 

58*0 

8i*3 

io8#5 

1396 

'74*7 

2137 

3035 

34 

27 

o-4 

4* « 

n*8 

*3*4 

38-9 

58-3 

817 

109-0 

140*2 

"75*3 

214-4 

*57*4 

304*3 

33 

28 

o»4 

4* 

n*9 

23*6 

39-2 

58-7 

82*1 

1095 

140-7 

175-9 
176-6 

215*1 

258- 

305*  1 

32 

29 

o-5 

43 

12*1 

23*8 

39*5 

59'Q 

82*? 

1 10*0 

141*3 

2If*8 

2589 

305*9 

31 

30 

o-5 

4*4 

ii«3 

24-0 

39* 

59'4 

83*0 

110-4 

1418 

177*2 

216-4 

259-6 

306*7 

30 

31 

o*5 

4'5 

IB 

*4*3 

40*1 

2* 

834 

110*9 

142-4 

177*8 

217-1 

260-4 

307-5 

29 

32 

o-6 

4-6 

H'S 

40-3 

6o*i 

838 

in*4 

143*0 

■78*4 

217*8 

261*1 

308-4 

28 

33 

o*6 

4*7 

I2'8 

24*7 

40*6 

60*5 

84* 

m*9 

»43'5 

179c 

118-5 

2619 

309*2 

97 

34 

o-6 

4-S 

I2y 

25'0 

409 

6o*8 

84-7 

112*4 

1441 

179*7 

219*2 

262-6 

310*0 

26 

34 

07 

4'9 

13*1 

15-2 

41-2 

6l*2 

851 

112*9 

144*6 

180*3 

219*9 

263-4 

310*8 

25 

96 

07 

5*o 

•3*3 

*5'4 

41*5 

6i*6 

!?'5 

113*4 

1452 

180*9 

220*6 

264*1 

311*6 

24 

37 

07 

5-1    13-4    25-7 

418 

619 

86*o 

1139 

145*8 

181-6 

221*3 

264-9 

312-5 

23 

38 

o-8 

5#* 

I36 

25-9 

421 

62*3 

86-4 

if  44 

1463 

182-2 

222*0 

2657 

3ir3 

22 

39 

o-8 

5*3 

138 

26*2 

4*#5 

62*7 

86*8 

114*9 

146-9 

1828 

222*7 

266*4 

314*2 

SI 

40 

09 

5*4 

14-0 

26*4 

42-8 

63*0 

87-3 

115-4 

»47'5 

183-4 

*23#4 

267*2 

315*0 

20 

41 

0.9 

5* 

14-1 

266 

43'" 

634 

87*7 

1159 
116-4 

148*0 

184- 1 

1241 

267*9 

315*8 

19 

42 

I'O 

5*7 

'43 

26-9 

43*4 

638 

SI*  1 

148*6 

1847 

224-8 

268*7 
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6441 

7171 

794*0 

!7i'9 
876*3 

877* 

959* 
961*1 

10483 

1 1409 

69 

• 

3386 

392- 1 

449*  5 

5109 

576*  1 

6453 

7«8-{ 
719* 

795*4 

1049-8 

1141*5 

68 

9 

3394 

3030 

45<>'5 

511*0 

577** 

6464 

796-7 

9625 

10513 

1144-0 

81 

To- 

340*3 

393*9 

45»'5 

5130 

578-3 

647* 

7209 

798*o 

8790 

963*9 

1051*8 

1145-6 

ft* 

il 

3411 

394*8 

45*' 5 

5140 

579*4 

648-8 

722-1 

799*3 

880-4 

965*4 

1054*3 

1147* 

49 

19 

3410 

395*8 

453*5 

5151 

5806 

650*0 

7*3*4 

800  7 

88 1*8 

966*9 

i°55*9 

11488 

48 

IS 

34**9 

3967 

454*5 

516*1 

581-7 

651*2 

7*4* 

802  *o 

883-1 

9683 

io57*4 

1150*4 

47 

14 

343*7 

3976 

455*5 

5-7*2 

582*8 

652-4 

7*5*9 

8033 

8846 

969*8 

1058-9 

11520 

48 

1ft 

344* 

398*6 

456*5 

518-3 

5839 

653* 

7*7*1 

8046 
8060 

886*0 

971* 

1060-4 

1153* 

4ft 

16 

3463 

399*5 

457*5 

5*9*4 

585*  1 

6548 

7*8*4 

8874 

97**7 

1062*0 

1155* 
1156*8 

44 

17 

400- 5 

458*5 

5204 

586-1 

6560 

7*9* 

807*3 

888*8 

974*1 

1063*5 

48 

It 

347'* 

4014 

459*5 
460*5 

5*1-4 

587-3 

6571 

7309 

8086 

890*1 

975*5 

1065*0 
io6f-5 

1158-5 

48 

19 

34*'« 

402-3 

5***5 

588-4 

6584 

73*** 

8099 

891*6 

977*o 

1159-9 

41 

3ft 

349-0 

4*3*3 

461-5 

5*3*5 
524* 

589* 

HIT 

733*5 

8113 

893*o 

978-5 

10681 

1161-5 

48 

91 

349* 

4<H* 

46*#5 

$90*7 

734*7 
7360 

812*6 

894*4 

979*9 

1069*6 

11631 

39 

99 

350-7 

405-1 
406*0 

463*5 

5*5*7 
526-8 

59i*9 

6610 

8i3*9 

895*8 

9814 

1071*1 

1164-7 

38 

83 

351-6 

4645 

5930 

663* 

737** 

815*2 

897-1 

9819 

1072*6 

,166-3 

37 

84 

35**5 

407-0 

4655 

5*7*9 

594*1 

6644 
6656 

666-9 

738*5 

8166 

8986 

9844 

1074-1 

1167-9 

38 

8ft 

353*3 

408*0 

466*5 

5*8-9 

595* 
5964 

739*7 

8i7*9 

900*0 

985*8 

1075*7 

11695 

36 

9f 

354'* 

4089 

4675 

530-0 

7410 

819*2 

901-4 

987*3 

1077*2 

1171*1 

34 

87 

3551 
3560 

409*9 

46X-5 

5311 

597*5 

6680 

74**3 
743* 

8io*5 

901*8 

9888 

1078-7 

11727 

33 

9ft 

410-8 

4695 

532-2 

598*7 

669-1 

821*9 

9041 

9903 

1080-3 

U74*8 

38 

89 

356*9 

411-7 

470-5 

533** 

5*9*8 

670-4 

744*8 

823*2 

9056 

9918 

1081*8 

"75*9 

31 

80 

357*7 

412-7 

47'*5 

534*3 

601*0 

671-?" 

l&i 

824* 

907-0 

993* 

1083-3 

1177*5 

30 

81 

358-6 

4136 

472-6 

535*4 

602*1 

672*8 

747*4 

8*5*9 

9084 

994*7 

1084*8 

11791 

89 

89 

359*5 

4146 

4736 

536-5 

603*3 

674*1 

748*7 

827-3 
8186 

909-8 

996-2 

10864 

1 180-7 

28 

88 

3603 

4156 

474*6 

537*5 

a* 

675*3 

749*9 

911*1 

9976 

10879 

1182-3 

87 

84 

361-1 

416*6 

475* 

538* 

6765 

751-2 

8199 

911*6 

999*i 

10895 

11839 

28 

8ft 

36a*! 

4'7*5 

476* 

539*7 

6067 

677-7 

75**5 

831-1 

9HO 

loco -6 

1091*0 

11855 

25 

M 

363-0 

4*8*4 

477-6 

54o-8 

607-9 

6789 

753*8 

S31-6 

915*5 

looi-i 

1092-6 

11871 

24 

87 

3639 

4«9#4 

478'7 

54**9 

609*0 

6801 

755*0 
756-3 
757* 

833*9 

9169 

1003-5 

1094*1 

11887 

23 

88 

364-8 

4203 

479*7 

543*0 

610*1 

6813 

835*3 

9183 

1005-0 

1095-7 

ii9o-3 

28 

89 

3^5*7 

4213 

4807 

544*1 

611-3 

682*5 

8366 

9197 

1006*5 

1097-2 

1191*9 

2\ 

40 

3665 

422*2 

481*7 

545** 

6ii*5 
6136 

683-8 

7|8-9 
760*2 

8380 

911*1 

1008-0 

1098*8 

11935 

20 

41 

367'5 

423*2 

4828 

546* 

6850 

839-3 

911*5 

10094 

1100*3 

"5f; 

19 

49 

368-4 

4*4* 

483*8 

547*3 

614*8 

6862 

761-5 

840-7 

9*3*9 

1010*9 

1101-9 

18 

43 

369-3 

4251 
426*1 

484*8 

548*4 

6159 

687-4 

7628 

8420 

9*5*3 

IOI2'4 

1103-4 

11983 

17 

44 

370-* 

485*8 

549*5 

617*1 

688*7 

764*0 

8434 

916  -8 

10139 

\\TS 

1199*9 

16 

4ft 

371-1 

427-0 

4869 

550-6 

6181 

6899 

7653 
7666 

844*7 

9282 

1015*4 

1201*5 

18 

4ft 

372-0 

428*0 

4879 

551*7 

6i9*4 

691*1 

846' 1 

9*9* 

10169 

iio8-i 

1203*1 

14 

47 

S7**9 

4*9-0 

4889 

552-8 

620*5 

693* 

7679 

847*5 

9310 

1018-4 

1109*6 

1204-7 

19 

48 

373** 

4300 

490-0 

553*9 

611*7 

7691 

M9 

93**4 

10199 

nii'2 

1206-4 

12 

49 

374*7 

430-9 

491-0 

55.-0 

622-8 

694*8 

77o-5 

850*2 

vr* 

1021*4 

11127 

I20?*0 

II 

88 

375'6 

43'*9 

4920 

55J-i 

624-0 

696*0 

77«*8 

851*6 

935* 

IOZ2-8 

1114*3 

1209-6 

10 

81 

37*5 

432-8 

493*» 

557*2 

625*2 

697* 

773*1 

852*9 

936* 

IO243 

11158 

1211*2 

SI 

89 

377*4 

433*8 

494*  * 

5583    6264 

6984 

774*5 

854*3 

938  1 

1025-8 

11174 

1212*0 

8 

88 

37«*3 

434*8 

495* 

559*4 

617-5 

6996 

775*8 

855* 

939*5 

10273 

11189 

12145 

7 

84 

379*4 

435*7 

496-2 

560-5 

6i«*7 

700-9 

777*1- 

857*1 

9409 

IO288 

11205 

Ill6l 

0 

ftft 

380-2 

43-5*7 

497*2 

561-6 

619-9 

701-2 

778*4 

858-4 

94**3 

IO303 

1122*0 

1217-7 

6 

88 

381*1 

437*7 

498* 

562*7 

631*1 

703-5 

779*7 

859*8 

943*8 

1031*8 

1123*6 

12184 

4 

•7 

382-0 

438-7 

499* 

563*8 

632-2 

704-7 

781*0 

8611 1  945-2 

1033*3 

11251 

1221*0 

3 

88 

382-9 

439-6 

500*3 

5649 

6334 

7059 

7823 
783* 

8615 

946* 

IO348 

1126-7 

1222*6 

2 

88 

383-8 

440-6 

5014 

566-0 

634* 

707-1 

8639 

9481 

1036*3 

1I2»3 

I224-I         | 

ftft 

3*4*7 

441-6 

502-5 

567M 

635*8 

708-3 

7849 

865-3 

949* 

1037*8 

1 1299 

1-W5-9I      # 

40- 

4ft- 

44- 

43- 

49- 

41-       40-  l   89-  t   88- 

87-  |   8«- 

3ft»  I  n.  1 

11  Hqtrftf                                                               1 

TABLE  49 


TABLE  50     C9\ 


Pot  Computus  the  RBD*  to  the  MER"  i*  SBC». 

0  Houis 

9. 

25- 

26*»    1    27-    1    28- 

29- 

30- 

0 

o 
3 

4 
5 
6 
7 
8 
9 

i**5f9 

1227-5 
1229*2 
1230*8 
12325 
1234*  1 

i*35'7 
1237-3 
12390 
1240*6 

«3*59 
13276 
13293 
13310 
1-432-7 

1334*4 
1336-1 
13378 

"339*5 
13412 

142/7 
'43 1'4 
i433a 
14349 
14367 

14385 
14403 
1442- 1 
»4439 
1445'6 

i537'5 
»539'3 
15411 
i54*'9 
1544*8 
1546-6 

15484 
1550*2 
1552-1 
'553*9 

1649^0 
1650*9 
16528 

16547 
16566 
16585 
1660-4 
1662*3 
1664*2 
16661 

1764^6 
17666 
17685 
17705 
177**4 
1774*4 
17763 
1778-3 
1780*3 
1782-3 

60 
59 
58 
57 
56 
56 
64 
53 
62 
61 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 

1242-3 
1243*9 
12456 

1247a 
12489 
1250*5 
12522 
12538 

1*55*5 
12571 

I34*-q 
13446 

«346*3 
1348-0 

'349*7 
'35'4 
"353* 
'354*9 
13566 

1318*3 

1447*4 
14492 

14510 
14528 

'454*5 
14563 
1458*  1 

'4599 
1461*6 
14634 

'555-8 
1557-6 

'559*5 
'5^'-3 
15632 
15650 
1566*9 
1568-7 
1570*5 
'57*'4 

16680 
1669*9 
1671-9 
16738 

1675*7 
16776 

16795 
16814 

16833 
1685-2 

178^*2 
1786-2 
1788-2 
1790-1 
179*' 1 
17941 
1796-1 
1798-1 
1800*0 
1802*0 

50 
49 
48 
47 
46 
46 
44 
43 
42 
41 

90 
21 
22 

23 
24 
2ft 
26 
27 
28 
29 

1258-8 
1260*4 
1262*1 
1263-7 
1265-4 
1267-0 
12687 
12703 
1272-0 
1273-7 

1360*1 
13618 
136305 
13652 
1367*0 
1368-7 
1370*4 
1372*1 
'3739 
1375-6 

14652 
1466*9 
14687 
1470- 5 
1472- 3 
1474*0 
1475*9 
1477*7 
'479-5 
14813 

'574*3 
1576-! 
15780 
1579-8 
1581-7 

1583-5 
'5853 

1589*  1 
15909 

1687*2 
1689* 1 
1691*0 
16929 
16948 
1696*7 
16986 
1700*5 
1702*5 
17044 

1804*0 

1805*9 
18079 
1809*9 
1811*9 

1813*9 
1815*8 
18178 
1819-8 
1821*8 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 

30 
31 
32 
33 
34 
9* 
38 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

1273-4 
1277-1 
12788 
12804 
1282-1 
1283-8 

i»85-5 
1*87-1 
i«88-8 
1*90-5 

1377*4 

'379'» 
1380-8 
1382*5 
1384-2 
1385*9 

«3877 
13894 
13912 
13929 

1483*1 
14849 
14867 

14885 
14903 
1492* 1 
1493*9 
1495-7 
'497-5 
1499'  3 

1592-7 
1594-6 
15965 

1598-3 
1600*2 
1602*1 
1604*0 
16059 
1607*7 
1609*6 

1706-3 
1708*2 
1710*2 
1712*1 
1714-0 
17159 

1717-9 
17198 
17217 
17236 

1823-8 
1825*8 
1827*8 
1829*8 
1831*8 
18338 
18358 
18378 
1839*8 
1841*8 

30 
2f> 
28 
27 
96 
26 
24 
23 
22 
21 

1*92-2 
i»93-8 
it95-5 
1297-2 
12989 
1300*5 
1302*2 
13039 
1305*6 
1307*3 

'394*7 
13964 
13982 

»399*9 

1401.7 
1403*4 
14052 
14069 
1408*7 
14104 

1501-1 
1502*9 
15047 
1506*5 
15084 
1510*2 
1512*0 
15138 
15156 
i5'74 

1611*5 
'613*3 
1615*2 
1617*1 
1619*0 
1620*8 
1622-7 
1621*6 
1626*5 
1628*3 

17256 
1727*5 

17*9-5 
1731-5 

1733*4 
1735*3 
1737*2 
1739*2 
1741-2 
1743*1 

1843*8 
18458 
1847-8 
1849-8 
1851*8 

1855-8 
i?57-8 
1859-8 
1861-8 

20 
19 
18 
17 
16 
16 
14 
13 
12 
II 

50 
61 
52 
53 
61 
55 
56 
57 
58 
59 
00 

1309*0 

1310-7 
13124 
1314-1 
I3M-7 
M'7'4 
iSi9-i 
1310*8 
13*2-5 
13*4*2 
1375-9 

1412-2 
1413*9 
H'5'7 
H'7-4 
14192 
14-W9 
1422-7 

'4*4-4 
1426*2 
14279 
1429-7 

1519-2 
1521*0 
15229 

15*4*7 
1526*5 

15**3 
15302 
1532-0 

1533*8 
1535*6 

1537*5 

i630-*2 
1632*1 
16340 
16359 

1637*7 
1639-6 
16415 

'•H3'3 
1645*2 
1647*1 
1649*0 

1745*1 

1747*0 
1749*0 

1750*9 
1752*9 
1754-8 
17568 

1758-7 
1760-7 
1762-6 
1764*6 

1863*8 
1865*8 
1867*8 
18698 
1871*8 
1873-8 
18759 
1877-9 
1879*9 
1882*0 
1884-0 

10 
9 
8 
7 

6 
6 
4 
9 
2 
1 
0 

31- 

33" 

32- 

31- 

30- 

1    29- 

e. 

11  Houms 

For*  COMPUTING 

tbe  ft<t  REDUCTION 

IN  8ECOND6 

Hour 

2nd 

Hour  1 2nd 

Angle. 

Red 

Angle.  Red. 

10-  0* 

<fi 

23*60"!3'o 

a  0 

o-i 

24    0 

3'1 

11  30 

0*2 

24  10 

3*2 

12    0 

0-2 

24  20 

VI 

12  30 

0*2 

24  30 

3*4 

13    0 

0*3 

24  40 

3*4 

13  30 

03 

24  60 

3*5 

14    0 

04 

26    0 

V6 

14  30 

0*4 

26  10 

3*7 

15    0 

05 

26  20 

38 

15  30 

o*s 

26  30 

3*9 

16    0 

0*6 

25  40 

4"o 

16  30 

0*7 

25  60 

4*i 

17    0 

0*8 

26    • 

4'3 

17  30 

0*9 

26  10 

4*4 

18    0 

i*o 

26  20 

4*5 

18  39 

fi 

26  30 

46 

19    0 

1*2 

26  40 

4'7 

19  30 

1*3 

26  60 

4-8 

19  40 

1*4 

27  0 

y° 

19  50 

1-4 

27  10 

S-i 

20    0 

1*5 

27  20 

5'* 

20  10 

1-5 

27  30 

5#3 

20  20 

1-6 

27  40 

U 

20  30 

i-6 

27  60 

20  40 

1*7 

28    0 

5*7 

20  60 

1*8 

28  10 

Pc 

21     0 

1*8 

28  90 

21   10 

1-9 

28  80 

6*1 

21  20 

1*9 

28  40   6*3 

21  30 

2*0 

28  60 

6-4 

21  40 

2*1 

29    0 

6*6 

21  50 

2*1 

29  10 

6-7 

22    0 

2*2 

29  20 

6-9 

22  10 

2*2 

29  30 

7*1 

22  20 

2*3 

29  40 

7*2 

22  30 

2*4 

29  60 

7'4 

22  40 

2*5 

80    0 

3 

22  60 

U 

30  10 

23    0 

30  20 

7? 

23  10 

2*7 

30  30 

8*i 

23  20 

2-8 

30  40 

8*2 

23  30 

2*8 

30  60 

8*4 

23  40 

29 

31     0 

8*6 

193 


TABLR  SI 


CORRBCnOH  O*  THB  ALTITUDE  07  THE  POLE-STAB  FOB  1890. 

B.A. 
Her. 

Altitudes 

R.A. 
Mer. 

Altitudw 

^2 

«• 

80° 

500 

70* 

80* 

0° 

30° 

.50* 

70» 

80" 

*  m 

0  0 

•  80 

1  0 
1  30 
8    0 
8  20 
8  40 
8    0 
8  10 
8  80 

sub. 
I°l3r 
■  *S 

I  17 
i  17 
I  16 

I  14 

I    12 

«    9 

IS 

tub. 
i°i3' 
»  15 
*  »7 
1  »7 
1  16 

1  *4 
1  12 

1    9 
1    7 
1    5 

tuh. 

I°I3r 

■  15 
I  17 

■  «7 
1  16 

1  M 
l  12 

»    9 

■  7 
1    5 

tub. 
I°i3' 
«  15 
1  »7 
1  17 
1  16 

«  «4 
1  12 

«    9 
I    7 
•    5 

tJ>. 
I°I3' 
1  15 
I  »7 
I  17 
1  16 

1  13 
I  11 
l    8 
1    6 
»    4 

m   m 
12     0 

12  30 

13  0 

13  30 

14  0 
14  20 

14  40 

15  0 
15  10 
15  20 

aM 

« 15 

1  17 
I  17 

1  t6 

1  M 
1  12 

1    9 
1    7 
1    6 

aJU 
I0^ 
»  15 
«  »7 
I  17 
I  16 

«  H 
1    12 

1  2 

1    8 
1    6 

add 
I°i3r 
1  15 
1  17 

•  »: 
1  16 

1  M 
1  12 

1  9 

1    8 
I    6 

add 
I°I4' 
«  15 
I  17 
I  17 
I   16 

I  14 
I    12 

I    IO 

I    8 
1    6 

add 
I°l4r 
I   16 
I  »7 
l  '7 
I  16 

«  14 
l  «3 
1  10 

1    9 
1    7 

* 
3 
3 
3 
3 
3 
3 

2) 

2 
2 

8  30 
8  40 
8  50 
4    0 
4  10 
4  20 
4  80 
4  40 

4  50 

5  0 
5  10 

•    5 
■    3 

I     o 
o  58 
0  56 

o54 
0  52 

049 
0  46 

044 
041 

1    4 
1    3 
1    0 
0  58 
0  56 

054 
051 
0  49 
0  46 
044 
041 

1    4 
1    2 

1    0 
0  58 
0  55 
o54 

°5i 
0  48 

0  45 
044 
0  41 

1    4 
1    2 
1    0 

0  57 
0  55 
053 
0  50 
048 
0  45 
043 
0  40 

»    3 
1    1 

0  58 
0  56 

0  53 
0  52 
049 
0  46 
043 
041 
0  37 

15  30 
15  40 

15  50 
18    0 

16  10 
16  20 
16  30 
16  40 

16  50 

17  0 
17  10 

»    5 
t    3 
1    0 
0  58 
0  $6 

054 
0  52 
049 
0  46 

044 
041 

«    5 

«    3 
1    1 
059 
0  56 

OSS 
052 
049 
047 
045 
0  42 

«    5 
1    3 
t    1 

059 
0  56 

0  55 

0  52 
0  50 
047 
045 
0  42 

«    5 
1    4 
t     1 

0  59 

°Sl 
0  56 

0  53 

°5i 
0  48 

0  46 
043 

1    6 
1    5 
1    3 
1     1 
0  59 
0  57 
0  55 
0  52 
0  50 
0  48 
045 

2 
2 
2 
2 
1 
I 
I 
I 
I 
I 
1 
O 
O 
O 
O 
O 
O 
O 
O 
O 

5  20 
5  80 
5  40 
5  50 
C    0 

•  10 

•  20 

•  80 

•  40 

0  38 
035 
0  32 
0  29 
0  26 
0  22 
0  19 
0  16 
0  13 

0  38 

0  35 
0  32 
0  28 
0  25 
0  22 
0  18 
0  16 
0  12 

0  38 
0  34 

°3i 
0  28 

025 

0  21 
0  18 
0  15 
0  12 

0  36 

0  33 
0  30 
0  27 
0  23 
0  20 
0  16 
0  14 
0  10 

034 

°3i 
0  28 

0  24 

0  21 

0  17 

0  14 

0  11 

0    8 

17  20 
17  30 
17  40 

17  50 

18  0 
18  10 
18  20 
18  30 
18  40 

038 

0  35 
0  32 
0  29 
0  26 
0  22 
0  19 
0  16 
0  13 

0  39 
0  36 
0  33 
0  29 
0  26 
0  23 
0  19 
0  17 
0  13 

039 
0  36 
033 
0  30 
0  27 
0  23 
0  20 
0  17 
0  14 

0  40 
0  37 
0  34 

°3i 
0  28 

0  25 

0  21 

0  19 

0  15 

0  43 
041 

037 
0  33 
0  30 
0  27 
0  24 
0  21 
0  18 

•  50 
7     0 

7  10 

7  20 

7  80 

7  40 
7  50 

0    9 
0    6 

add 
0    l 

0    4 

0    7 
0  11 

0    9 
0    5 

add 
0    2 

0    4 

0    8 
0  11 

0    8 
«    $ 

0    2 

add 
O    2 

0    5 

0    8 
0  12 

0    7 

add 
0    I 

0    4 

0    6 

0  10 

OIJ 

O    4 
0    1 

add 

0    3 

0    6 

0    9 

0  12 
0  16 

18  50 

19  0 

19  10 

19  20 

19  30 

19  40 
19  50 

0    9 
0    6 

0    1 
0    4 

O    7" 
0  11 

0  10 
0    6 

0    4 
smb. 
0     I 

0    3 

0    7 

0  to 

0  11 
0    7 

0    5 

0    0 

smb. 
0     2 

0    6 
0    9 

0  12 
0    9 

0    6 

0    1 

tub. 
O     I 

11 

0  15 
0  if 

0    9 
O    4 

O     2 
tub. 
O     2 

0    5 

O 
O 

O 

1 
I 

1 

2 

8    0 
8  10 
8  20 
8  30 
8  40 

8  50 

9  0 
9  10 
9  20 
9  30 
t  40 

0  14 
0  17 

0  2t 
O  24 
O  27 
O  30 

033 
O  36 

0  39 
O  42 

0  4S 

0  18 
0  21 
0  25 
0  28 
0  30 

0  33 
0  36 

0  39 
0  42 
045 

0  !5 
0  18 

0  22 
0  25 
0  28 
031 
034 
0  37 
0  40 

043 
0  46 

0  17 
0  20 
0  2 1 
0  26 
0  30 
0  32 

°3S 
0  38 

041 

044 

047 

0  19 
0  22 

0  26 
0  29 
0  32 
0  34 
0  37 
0  40 

©43 
045 
0  48 

20     0 
20  10 
20  20 
20  30 
20  40 

20  50 

21  0 
21   10 
21  20 
21  30 
21  40 

0  14 
0  17 

0  21 

0  24 
0  27 
0  30 

0  33 
0  36 

0  39 
0  42 

045 

0  14 
0  17 
0  20 
0  24 
0  27 
0  29 
0  32 
0  36 
0  39 
0  42 
045 

0  13 
0  16 
0  20 
0  23 
0  27 
0  29 
0  32 

°3S 
0  38 

041 

044 

0  46 
0  50 
0  52 

055 
0  56 

0  59 

1  1 

1    3 

t    6 

I    9 
»  13 

O  12 

0,J 
O  l8 

O  22 

O  28 
O  31 

0  34 
0  37 
0  40 

043 

0    9 
0  12 
0  16 
0  20 
0  23 
0  25 
0  29 
0  32 

0  38 
041 

2 

2 
2 
2 
2 
2 
2 

3 

3 
3 
3 

t  50 
Ifr   o 
10  10 
10  20 
10  30 
10  40 

10  50 

11  0 
11   20 

11  40 

12  0 

0  47 
O  50 

0  53 
0  55 

0  57 

0  59 
t     1 

1  3 
1    7 
1  10 

1  13 

047 
051 

0  53 
0  56 
0  57 

0  59 

1  1 
«    3 
«    7 
1  10 

047 
051 

053 
0  56 
0  57 

0  59 

1  1 
«  3 
»  7 
1 10 

l  «3 

0  48 
0  52 
0  54 
0  57 

0  58 

1  0 
1    2 
I    4 
1     7 
1  10 

1  H 

0  50 
0  53 

°Sl 
0  58 

0  59 

1  1 

I    3 

!  1 

1  10 
1  14 

21  50 

22  0 
22  10 
22  20 
22  30 
22  40 

22  50 

23  0 
23  20 

23  40 

24  0 

047 
0  50 

0  53 
0  55 
0  57 

0  59 

1  1 
»    3 
1     7 
t  10 

1  13 

0  46 
0  50 
0  53 
0  55 
0  56 

0  59 

1  1 
«    3 
1     7 
1  10 

"  "3 

0  45 
049 
0  52 
0  54 
0  56 

0  58 

1  0 
1    2 
1    6 
I    9 
1  «3 

043 
047 
0  50 

0  53 
°55 
057 

0  59 
t    1 

1  6 
1    9 
»  13 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TABLE  53 
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REDUCTION  OF  LATITUDE 

Co^rewkm-L, 

(CUrke'i  figure  of  the  earth) 

Lfttj  Red. 

1*4. 

Bed. 

Let. 

Bed. 

0°  o'o" 

80* 

10'  9W 

60° 

10'  11" 

1 

o  24 

81 

IO  31 

61 

9  58 

9 

0  49 

82 

IO  33 

62 

9  45 

8 

*  13 

88 

10  43 

68 

9  3i 

4 

138 

84 

10  53 

64 

9  16 

8 

a    a 

86 

II      I 

66 

9    « 

• 

a  26 

86 

II      9 

66 

844 

7 

a  50 

87 

II    l6 

67 

837 

8 

3  13 

88 

II   33 

68 

8  10 

y 

3  37 

89 

II   38 

69 

7  5* 

10 

4    0 

40 

11  33 

70 

7  34 

11 

4  *3 

41 

11  37 

71 

7  15 

11 

4  45 

42 

11  40 

72 

6  55 

18 

5    « 

48 

11  4a 

78 

6  35 

14 

53© 

44 

"  44 

74 

614 

16 

5  5* 

46 

«  44 

76 

5  53 

16 

6  1a 

46 

«  44 

76 

5  32 

17 

6  33 

47 

«  43 

77 

5  10 

18 

6  53 

48 

11  40 

78 

4  47 

19 

7   13 

49 

11  38 

79 

4  25 

20 

7  3* 

60 

«  34 

80 

4    2 

HI 

7  50 

61 

11  39 

81 

3  38 

99 

8    8 

68 

11  34 

82 

3  *5 

28 

«*5 

68 

11  17 

88 

*  5* 

24 

84a 

64 

11  10 

84 

3  37 

26 

8  s8 

66 

11     3 

86 

3    3 

28 

9  «4 

66 

10  54 

86 

138 

27 

9  38 

67 

10  44 

87 

1  14 

28 

9  43 
9  56 

68 

10  34 

88 

0  49 

29 

69 

10  33 

89 

0  25 

CORRECTION  OF  THE  LUNAR  DISTANCE 

FOB  TBI  COWTB  ACTIO*  OP  TBB  YBB1ICAL 

IBMIDIAMBTBB 

Alt 

Angle  between  the  Lun.Disc.  and  the  Plumb  Line 

0° 

10° 

80* 

80° 

40° 

00° 

*f\f&> 

or 

99° 

3° 

5«' 

49' 

45' 

38' 

3o' 

81* 

13' 

6' 

1' 

0 

4 

3° 

35 

3* 

*7 

21 

»5 

9 

4 

1 

0 

6 

26 

*4 

22 

'9 

"5 

IO 

6 

3 

1 

0 

6, 

30 

*9 

18 

15 

12 

8 

5 

2 

0 

0 

7 

16 

16 

'4 

12 

9 

6 

4 

2 

0 

0 

8 

11 

11 

10 

9 

7 

4 

3 

1 

0 

0 

9 

IO 

9 

9 

7 

6 

4 

2 

1 

0 

6 

10 

9 

8 

7 

6 

S 

3 

2 

1 

0 

0 

12 

5 

5 

4 

4 

3 

2 

t 

1 

0 

0 

i& 

3 

3 

2 

% 

2 

1 

1 

0 

0 

0 

20 

2 

2 

2 

% 

1 

1 

0 

0 

0 

0 

SO 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

For  the  nearest  Limb,  tub.;  for  the  f*rthett  Limb,  mdi. 

TABLE  54 

EURO*  OF  OBSERVATION  ARISING 

FROM  ERROR  OP  PARALLELISM 

Obte?. 
Angle. 

Error  of  Parmllelian  of  the  Telescope 

10' 

90' 

SO' 

40' 

60' 

l°0' 

i°  ir|i° »' 

10° 

o'o4 

o'  1' 

o'  r 

0'2' 

o'4' 

o'6' 

0'  7* 

0'  IO* 

20 

0    0 

0     1 

0    3 

0    5 

0    8 

0  11 

0  15 

0  20 

90 

0    1 

0    2 

2  t 

0    7 

0  12 

0  17 

0  23 

0  30 

40 

0    1 

0    1 

0  to 

0  16 

0  23 

0  31 

0  40 

60 

0    1 

0    3 

0    8 

0  13 

0  20 

0  29 

0  40 

0  52 

60 

0    1 

0    4 

0    9 

0  16 

0  25 

0  36 

0  49 

1    4 

70 

0    1 

0    5 

0  11 

0  20 

0  31 

0  44 

1  0 

1   18 

80 

0    2 

0    6 

\<>  n 

0  23 

0  37 

0  53 

1  12 

1  33 

90 

0    2 

0    7 

0  16 

0  28 

lo  44 

«     3 

1 26 

1  52 

100 

0    2 

0    80  19 

©  33 

0  52 

«  15 

« 4* 

*  *3 

110 

0    3 

0   IO 

0  22 

0  4c 

1    2 

1  30 

2  2 

*  39 

120 

0    3 

0  12 

0  27 

0  48 

1  16 

1  49 

2  28 

3  >4 

TABLE  55 

FOR  CORRECTING  THE  LUNAR  DISTANCE 

FOE  THE  SPHEROIDAL  FIOUBB  OF  THE  BABTH 

Moon's  Altitude 

Latitude 

0° 

10° 

20° 

30° 

40° 

60°  '  60° 

70° 

80° 

90° 

0°or90° 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3  ..  87 

d 

20 

40 

60 

80 

90 

100 

no 

12a 

120 

6  ..  86 

0 

30 

7o 

100 

130 

150 

170 

190 

200 

200 

•  ..  82 

0 

50 

no 

160 

200 

240 

270 

300 

310 

310 

10  ..  80 

0 

70 

140 

200 

260 

300 

340 

360 

380 

39° 

13  ..  77 

0 

9° 

170 

250 

320 

380 

430 

470 

490 

500 

16  ..  74 

0 

no 

200 

300 

39« 

460 

53o 
610 

570 
660 

600 

610 

19  ..  71 

0 

120 

240 

250 

45o 

eio 

690 

700 

22  ..  68 

0 

140 

*7© 

400 

500 

090 
780 

740 

760 

79© 

2$  ..  64 

0 

160 

310 

45o 

5I0 

690 

850 

890 

900 

ft   ..  69 

0 

180 

34o 

500 

55° 

770 

870 

950 

990 

IOIO 

97  ..  63 

0 

190 

37o 

55o 

700 

840 

950 

1030   1080 

hoc 

45 

0 

200 

390 

690 

740 

900 

990 

1070   1120 

1140 

694 


TABLE  56 


FOB  COMPUTING  THE  MOONS  SBCOMD  CORRECTION  Of  DISTANCE 

*? 

8 

*< 

Apparent  Dbunoe 

19° 

14° 

I5# 

19° 

17° 

18° 

29° 

29° 

29° 

99° 

34° 

99° 

44° 

50» 

99° 

79° 

99° 

90° 

mdd 

ft' 

i" 

1" 

1" 

1" 

1" 

1" 

1" 

1" 

0" 

0" 

0* 

0" 

0" 

0" 

0" 

0" 

0* 

0 

8 

* 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

_ 

0 

0 

0 

10 

4 

3 

3 

3 

3 

3 

2 

2 

2 

2 

I 

1 

1 

0 

0 

0 

11 

5 

4 

4 

4 

3 

3 

3 

2 

2 

2 

2 

1 

1 

0 

0 

* 

19 

5 

5 

5 

4 

4 

4  ,  3 

3 

3 

2 

2 

2 

1 

0 

0 

0 

IS 

5 

6 

6 

5 

5 

5   4 

3 

3 

3 

2 

2 

2 

0 

0 

14 

7 

7 

6 

6 

6 

I  1  5 

4 

4 

3 

3 

2 

2 

0   0 

1* 

9 

S 

7 

7 

6 

«   5 

5 

4 

3 

3 

3 

2 

0   0 

16 

IO 

9 

1 

8 

7 

7 

6 

5 

5 

4 

3 

3 

2 

0  |  0 

17 

ti 

10 

? 

9 

2 

8 

7 

6 

5 

4 

4 

3 

3 

0  j  0 

P19 

"* 

» 

n 

10 

9 

9 

8 

7 

6 

5 

4 

4 

3 

0  1  0 

19 

14 

13 

12 

n 

10 

10 

9 

7 

6 

5 

5 

4 

3 

3 

1   0 

29 

«5 

14 

"3 

12 

11 

n 

10 

8 

I 

6 

5 

4 

4 

3 

0 

21 

17 

15 

H 

»3 

«3 

12 

11 

9 

7 

6 

5 

4 

3 

0 

22 

,8 

«7 

16 

:; 

>4 

»3 

12 

10 

9 

7 

6 

i 

4 

4 

0 

29 

20 

"9 

»7 

15 

«4 

>3 

n 

9 

8 

7 

5 

4 

C 

24 

22 

20 

»9 

18 

16 

«5 

"4 

12 

10 

9 

7 

6 

i 

4 

O 

15 

3 

22 

20 

>9 

18 

17 

\\ 

13   n 

9 

8 

7 

5 

O 

20 

*4 

22 

21 

'9 

18 

"4 

12 

10 

9 

8 

6 

5 

O 

27 

28 

26 

24 

22 

21 

20 

17 

'5 

"3 

n 

? 

8 

7 

5 

c 

29 

30 

*7 

26 

*4 

22 

21 

"9 

16 

>4 

1* 

10 

9 

7 

6 

0 

29 

3* 

29 

*7 

26 

3 

*3 

20 

>7 

U 

«3 

II 

9 

8 

6 

0 

30 

It 

3» 

•9 

»7 

3 

22 

»9 

*4 

12 

10 

8 

7 

0 

91 

? 

3" 

*9 

*7 

*3 

20 

17 

«5 

12 

n 

9 

7 

0 

92 

39 

33 

3" 

*9 

*7 

•5 

21 

iS 

:; 

»3 

11 

9 

7 

0 

99 

4» 

3« 

35 

33 

3« 

*9 

26 

22 

>9 

»4 

12 

10 

8 

0 

94 

44 

40 

38 

35 

33 

3» 

28 

*4 

21 

«7 

.'i 

»3 

10 

8 

0 

91 

46 

43 

40 

37 

35 

33 

*9 

*5 

2* 

«9 

«4 

11 

9 

4  '  *   0 

99 

49 

3 

4* 

39 

37 

35 

3" 

*7 

»1 

20 

«7 

»4 

12 

9 

4  1  ^ 

0 

97 

5* 

45 

4* 

39 

37 

33 

28 

*4 

21 

18 

»5 

12 

10 

0 

39 

55 

5« 

47 

» 

4« 

39 

35 

30 

26 

22 

"9 

16 

13 

11 

2   0 

99 

57 

53 

50 

43 

4i 

36 

3> 

*7 

*3 

20 

17 

«4 

11 

x   0 

49 

60 

56 

5* 

49 

4* 

43 

38 

33 

29 

*4 

21 

18 

«4 

12 

0 

41 

6J 

I9 

55 

5« 

48 

45 

40 

35 

30 

*5 

22 

«9 

»5 

12 

0 

42 

«7 

62 

E 

54 

50 

47 

4* 

3* 

3* 

»7 

»3 

20 

16 

»3 

0 

49 

7© 

<5 

56 

53 

5o 

44 

38 

33 

28 

H 

21 

17 

H 

0 

44 

73 

68 

$1 

59 

55 

5» 

46 

40 

35 

*9 

*5 

22 

17 

H 

0 

45 

76 

7" 

62 

58 

54 

49 

4* 

36 

3> 

26 

*3 

18 

15 

0 

46 

80 

74 

«, 

*4 

60 

57 

5« 

43 

38 

3* 

*7 

*4 

»9 

u 

0 

47 

«3 

77 

7* 

67 

63 

59 

53 

45 

40 

33 

*9 

*5 

20 

0 

48 

87 

81 

3 

70 

f6 

62 

55 

47 

4i 

35 

30 

26 

21 

17 

0 

49 

9" 

U 

» 

68 

*4 

£ 

49 

43 

36 

3i 

*7 

22 

■8 

0 

50 

94 

•7 

81 

7t 

67 

5' 

45 

38 

3* 

28 

»3 

18 

0 

51 

9« 

9« 

li 

79 

74 

70 

62 

53 

47 

39 

34 

29 

H 

»9 

0 

52 

102 

95 

82 

77 

73 

65 

5* 

48 

4» 

35 

30 

H 

20 

0 

59 

106 

9« 

9' 

85 

80 

75 

67 

58 

50 

42 

36 

3' 

*5 

21 

0 

54 

no 

102 

91 
9» 

«9 

83 
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651 

17  19 

22  59 

IS 

21  43 

13  49 

3  29 

832 

18  2 

23  8 

22   3 

15  7  4  21 

7  14 

17  35 

23  I 
23  8 

13 

21  33 

13  29 

3  5 

854 

18  17 

23  12 

21  54 

14  49,3  58 

7  37 

17  52 

M 

21  23 

13   2 

2  41 

9  15 

18  31 

23  15 
23  18 

21  46 

14  31  |3  35 

7  59 

18  8 

23  12 

15 

21  12 

1248 

2  18 

9  37 

18  46 

21  37 

14  12  3  12 

8  21 

18  23 
1838 

23  15 
23  18 

16 

21   I 

12  28 

1  54 

9  58 

19  0 

23  20 

21  27 

13  53  2  49 

844 

17 

20  49 

12  7 

1  30 

10  20 

19  14 

23  23 

21  17 

13  34  2  26 

9  i 

18  53 

23  21 

1$ 

20  37 

11  46 

1  6 

10  41 

19  27 

23  24 

21  7 

13  15  1 2  3 

9  28 

19  8 

^3  23 

19 

20  25 

u  25 

043 

11  2 

19  41 

23  26 

20  56 

12  56  1  39 

9  50 

19  23 

«3  25 

SO 

20  12 

"  3 

0  19S 

11  22 

19  53 

23  26 

20  46 

12  36  1  16 

10 11 

19  36 

2326 

21 

19  59 

10  42 

o~5N 
0  28 

11  43 

20  6  '  23  27 

20  34 

12  16  0  53' 

1033 

19  50 

23  27 

21 

19  46 

10  20 

12  3 

20  18 

23  27 

20  23 

11  57  0  29 

10  54 

20    I 
20  16 

23  27 

83 

19  32 

9  58 

0  52 

12  23 

20  30 

23  27 

20  II 

11  36  0  6N 

11 15 

23  27 

24 

19  18 

9  36 

1  16 

12  43 

20  41 

23  26 

I9  5f 

11  16  0  17S 

11 36 

20  28 

23  26 

25 

'2  3 
18  49 

9  14 

1  39 

13  3 

20  52  23  25 

19  46 

10  55  0  41 

11  si 

20  41 

23  25 

86 

852 

2  3 

13  23 

21  3  , 23  23 

19  33 

10  35  1  4 

12 18 

20  52 

23  23 

87 

18  35 
18  18 

8  29 

2  26 

13  42 

21  14  I23  21 

19  20 

10  14  1  27 

12  39 

21  4 

23  21 

88 

«  7 

2  50 

14  1 

21  24  23  19 

19  6 

9  53  , 1  5i 

12  59 

21  15 

23  «9 

39 

18  2 

3  13  14  20  21  33  ,23  16 

18  52 

9  32  2  14 

13 19 

21  25 

23  16 

30 

17  46 

3  37  I14  39  21  43  23  13 

18  38 

9  10  '  2  38 

13  39 

21  35 

23  12 

31 

17  29 

4  0        21  51  | 

18  23 

8  49  | 

13  59 

23  8 

Declination  or  the 

SUN,  FC 

R  I902. 

1 

e   / 
23   4*5 

0  '  J  •  '„ 
17  I7S.7  50S 

0  / 
4I7N 

0  1 
1452N 

0  / 
2158N 

e   / 
23ION 

e   /  )    0   1 
I8I2N8  32N 

2  55s 

0  '  « 
14  13S 

21  43s 

8 

22  59 

17  0  |7  27 

4  40 

15  " 

22  6 

23  6 

17  57  t 8  10 

3  19 

14  33 

21  52 

8 

22  5J 
22  48 

16  42  7  4 

5  4 

15  29 

22  14 

23  2 

17  42  7  49 

3  42 

14  52 

22  1 

4 

16  25  6  41 

5  27 

15  46 

22  21 

22  57 

17  26  :  7  27 

U 

15  10 

22  10 

5 

22  41 

16  7  6  18 

5  49 

16  4 

22  28 

22  52 

17  10  |7  4 

15  29 

22  18 

6 

22  35 

15  48  : 5  55 

6  12 

16  21 

22  35 

22  46 

16  54  6  42 

4  52 

15  47 

22  25 

7 

22  27 

15  30  5  3i 

6  35 

16  38 

22  41 

22  40 

16  38 

6  20 

i!i 

16  5 

22  33 

8 

22  20 

15  it  [5  8 

6  57 

16  54 

22  47 

22  34 

16  21 

5  57 

16  23 

22  39 

9 

22  12 

14  52  4  45 

7  20 

17  it 

22  53 

22  27 

16  4 

5  35 

6  0 

16  41 

22  46 

10 

22   3 

14  33  '4  21 

7  42 

17  27 

22  58 

22  20 

15  47 

5  12 

6  23 

16  58 

22  52 

Ti 

21  54" 

14  M  3  58 

8  4~ 

17  42 

23  3 

22  12 

15*29 

4  49 

6  46 

17  i5~ 

22  57 

18 

21  45 

13  54  3  34 

8  26 

17  58 

23  7 

22  5 

15  11 

4  27 

7  9 

17  3i 

23  2 

13 

21  35 

13  34  3  " 

8  48 

18  13 

23  11 

21  56 

14  53  4  4 

7  3i 

1748 

23  7 

14 

21  25 

13  U  2  47 

9  10 

18  28 

23  14 

21  48 

14  35  3  4i 

I   "4 
8  16 

18  4 

23  11 

15 

21  14 

12  53  !2  23 

9  32 

18  42 

23  17 

21  39 

14  17 

3  18 

18  19 

23  15 

16 

21  3 

12  33  12  0 

9  53 

18  57 

23  20 

21  29 

13  58 

2  55 

8  38 

18  35 

23  18 

17 

20  52 

12  12  1  36 

10  15 

19  11 

23  22 

21  20 

13  39 

2K 

9  0 

18  50 

23  20 

18 

20  40 

11  51  1  12 

10  36 

19  24 

23  24 

21  9 

13  20 

2    8 

9  22 

19  5 

23  23 

19 

20  28 

11  30  0  49 

10  57 

19  37 

23  25 

20  59 

13  1 

1  45 

9  44 

19  19 

23  24 

80 

20  15 

11  9 

0  25 
0  IS 

11  17 
11  38 

19  50 

23  26 
23  27 

20  48 

12  41 

1  22 

10  6 

19  33 

23  26 

81 

20   3 

1047 

20  3 

20  37 

12  21 

0  58 

10  28 

19  47 

23  27 

89 

19  49 

10  25 

023N 

11  58 

20  15 

23  27 

20  25 

12  1 

03SK, 

10  49 

20  0 

23  27 

83 

'9  35 

10  4 

0  46 

12  19 

20  27 

23  27 

20  14 

11  41 

O  I2N 

11  10 

20  13 

23  27 

94 

19  21 

9  42 

I  10 

12  39 
12  58 

20  39 

23  26 

20  1 

11  21 

O  I2S 

11  31 

20  25 
20  38 

23  26 

25 

ll    7 

9  19 

1  33 

20  50 

23  25 

19  49 

11  0 

°3i 
0  58 

11  52 

23  25 

26 

18  52 

8  57  1  57 

13  18 

21  1 

23  23 

19  36 

10  40 

12  13 

20  49 

23  24 

87 

18  37 

8  35  1 2  21 

13  37 

21  11 

23  22 

19  23 

10  19 

1 22 

12  34 

21  1 

23  22 

28 

18  22 

8  12  2  44 

13  5« 

21  21 

23  19 

19  9 

9  58 

1 45 

12  54 

21  12 

23  19 

29 

18  6 

|3  7 

14  15 

21  31 

23  17 

18  55 

9  37 

2  9 

13  14 

21  23 

23  16 

30 

17  50 

3  3i 

14  34 

21  40 

23  13 

18  41 

9  15 

2  32 

13  34 

21  33 

23  13 

31 

17  33 

'3  54 

21  49 

18  27 

8  54 

13  54 

23  9 

TABLE  60 


609 


DECLINATION   OF    THE  SUN.  rot  the  Yea*  ioo£ 

At  Apparent  Noon  at  Greenwich. 

Day 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept 

Oct. 

Nor. 
14    93. 

Dec. 

21  40S. 

1 

*3     58. 

17     2lS. 

7  55S. 

e       / 

4  12N. 

14  4&N. 

2°I    56N. 

23  11N. 

i§  16N. 

5  37N. 

0     '  ~ 
2  50S. 

2 

23     O 

17    4 

7  33 

4  35     '15    °     '*2    4     23    7 

4  58     I15  24     122  12     23    3 

5  21      15  42     122  20     22  58 

18     1 

8  16 

3  13 

14  28      21  50 

3 

22  55 

16  47 

7  10 

17  46 

7  54 

3  36 

14  47      21  59 

4 

22  49 

16  29 

6  47 

17  30 

7  32 

4    0 

15    6     I22    8 

5 

22  43 

16  ii 

6  24 

5  44      16    0     I22  27     22  53 

17  14 

7  10 

4  23 

15  25     '22  16 

6 

22  36 

IS  53 

6    0 

6    7      16  17     22  34     22  48 

16  58 

6  48 

4  46 

15  43      22  24 

7 

22  29 

15  35 

5  37       6  29     16  34     22  40 

22  42 

16  42 

625 

5    9 

16     1      22  31 

8 

22  22 

15  16 

5  14 

652 

16  50     22  46 

22  35 

16  25 
16    8 

6    3 

5  32 

l6   19      J22   3? 

9 

22  14 

14  57 

4  51 

7  14 

17    7      22  52 

22  29 

5  ^ 

5  55 

16  37     |22  44 

10 

22    6 

1438 

4  27 

7  37 

17  23     22  57 

22  22 

15  5i 

5  18 

6  18 

16   54      |22   50 

ll" 

2T57 

14  19 

4    4 

7  59     17  39     23    2 

22  14 

15  33 

Y55~~ 

641 

I7~II        22   56 

12 

21  47 

13  59 

3  40 

8  21      17  54     23    6 

22    6 

15  16 

4  3* 

7    3 

17   27      '23      I 

IS 

21  38 

13  39 

3  '7 

8  43     ii8    9     23  10 

21  58 

14  58 

4    9 

7  26 

17  44 

23    6 

U 

21  28 

13  19 

2  53 

9    5     |i8  24     ;23  13 

21  50 

14  40 

3  46 

7  48 

18   0 

23  10 

13 
16 

21   17 

12  59 

2  29 

9  26      18  39     23  16     21  41 

14  21 

3  23 

8  11 

18  16 

23  14 

21     6 

12  38 

2    6 

9  48      18  53     123  19     21  32 

14    3 

3    0 

I** 

18  31 

23  17 

17   20  55 

12  17 

1  4» 

IO    9 

19    7     23  21      21  22     1 

13  44 

2  37 

8  55 

18  46 

23  20 

18  20  43 

19  bo  31 

11  56 

1  18      10  30 

19  21     '23  23     21   12     | 

13  25 

2  14 

9  17 

19   I 

23  22 

»  35 

0  55    10  51     19  34    23  25    21    2    ; 

13    5 

1  5i 

9  39 

19  16 

23  24 

20  v20  19 

11  14 

0  31     11  12    '19  47    23  26    20  51 

12  46 

1  27      10    1 

19  30    23  26 

21     20     t> 

10  53 

0    73.  11  33  ~  20    6~~  23  27     '20  40~~ 

12  26 

1    4     !io  23 

19  43     ,23  26 

22 

19  53 

10  31 

O    I7N.  II    53       20   12       23   27      <20  28 

12    6 

0  41      10  44 

19  57     23  27 

23 
24 

19  39 

10    9 

O  40       12    14       20  24       23   27        20   l6 

11  46 

0  17NJ11    5 

20  10     23  27 

19  25 

9  47 

14        12  34       20  36      I23   26       20      4 

11  26 

0    6S.  11  26 

20  23     23  26 

25 

19  11 

9  25 

I  28      12  54      20  47     I23  25     I19  52     • 

»    5 

0  30 

11  47 

20  35     J23  25 

26 

18  56 

2    3 

1  51      13  13     20  58     23  24     !i9  39    J 

1045 

0  53 

12    8 

20  47     23  24 

27 

18  41 

8  40 

2  15      13  33     21    9     23  22     119  26 

10  24 

1  16 

12  29 

20  58     '23  22 

28    18  26 

8  18S. 

2  38      13  52      21  19     23  20      19  13 

10    3 

1  40 

12  49 

21    9     23  20 

29  |l8  io 

32      14  11      21  29     '23  17     !i8  59 

9  42 

2    3     |I3    9 

21  20     23  17 

30   17  54 

3  25      14  30     21  38     23  14N..18  45 
3  48N.I          N.  21  47N.I               18  30N. 

9  20 

2  26I 113  29 

21  30S.  23  14 

31  J17  3»S. 

8  59*. 

|i3  49". 

23  10S. 

Declination  or  the  Sun,  for  1904. 

1 

23    68. 

-7  25S. 

7  38S. 

0/      !  0     /         0/      Io/      !  0     / 
429N.15     2N.22    2N  23    8N.18     5N. 

8  siN. 

3    7S. 

14  23S.  '21  48S. 

2 

23     1 

17    8 

I  lS 

4  52 

15  20     22  10     '23    4     ,17  49 

7  59 

3  3i 

14  42     21  57 

3 

22  56 

16  51 

6  52 

5  15 

15  38     22  18     22  59    !i7  34 

7  37 

3  54 

15     1     I22    5 

4 

22  50 

16  33 

6  29 

5  38 

15  55     22  25     22  54     17  18 

7  15 

4  17 

15  20    I22  14 

5 

22  44 

16  16 

6    6 

6     1 

16  13     22  32 

22  49      17    2 

6  53 

4  40 

15  39     22  22 

6 

22  38 

1558 

5  43 

6  24 

16  30     22  38 

22  43      16  46 

631 

5    3 

15  57     '22  29 

7 

22  31 

15  39 

5  20 

6  46 

16  46     22  44 

22  37      16  29 

6    8 

5  26 

16  15     22  36 

8 

22  24 

15  21 

4  5° 

7    9 

17    3     22  50 

22  30     16  12 

5  46 

5  49 

16  32     22  43 

9 

22  16 

15    2 

4  33 

7  3i 

17  19     22  55     22  23     J5  55 

5  23 

6  12 

16  50     22  49 

10 

22    8 

14  43__ 

4    9 

7  54_i7  35     23    0     22  i6_'i5  38 

5     1 

6  35 

'7    7     J22  55 

11 

21  59 

14  23 

3  46 

8  16      17  50     23    5     22    8 

15  20 

4  38 

6  58 

17  23     23    0 

12 

21  50 

M    4 

3  22       8  38      18    6     23    9     22    0 

15    * 

4  15     1  7  20 

17  40     23    5 

13 

21  40 

13  44 

2  59       9    0      18  21      23  12     21  51 

14  44 

3  52 

I  43 

17  56     23    9 

14 

21  30 

13  24 

2  35       9  21      18  35     23  16     21  43 

14  26 

3  29 

!J 

18  12     ,23  13 

15 

21  20 

13    4 

211     -  9  43      18  50     23  19     '21  34 

14    7 

3    6 

18  27     '23  16 

16 

21     9 

12  43 

1  48      jo    4      19    4      23  21      21  24 

13  48 

2  43 

8  50 

18  43     ;23  19 
18  58     23  22 

17 

20  58 

12  22 

1  24      10  25 

19  18     23  23     21  14     J13  29 

2  20 

9  12 

18 

20  46 

12     1 

10      10  46 

19  31     23  25     21    4     ,13  10 

1  56 

9  34 

19  12     23  24 

19 

20  34 

11  40 

0  37      11     7 

19  44     23  26     20  53 

12  51 

1  33 

9  56 

19  26     23  25 

20 

20  22 

11  19 
10  58 

0  13S. 

11  28 
11*48' 

19  57     I23  27 

20  42 
20  31 

12  31 
12  11 

1  10     10  17 
0  46      10  39 

19  40 
19  54 

23  26 

21 

20    9 

0  11 N. 

20    9 

23  27 

23  27 

22 

1956 

10  36 

°35 

12    9 

20  21 

23  27      |20   19 

n  51 

0  23  N.  11     0 

20    7     23  27 

23 

1942 

10  14 

0  58 

12  29 

2033 

23  26     20    7      11  31 

00      11  21 

20  19     23  27 

24 

19  28 

9  52 

1  22 

12  49     20  44     23  25      19  55      11   10 

0  24S.  11  42 

20  32     |23  26 

25 

19  14 

9  30 

1  45     13    8    |20  55     123  24     19  42    no  50 

0  47      12     3 

20  44     23  25 

'J6 

19    0 

9    8 

2    9     13  28     21    6     123  22      19  29     lio  29 

1   10      12  24 

20  55     23  23 

27 

184S 

8  46 

2  33     '13  47'    21  16     23  20     119  16      10    8 

1  34      12  44 

21     6     23  20 

28 

18  29 

f  23 

2  56      14    6     21  26     23  18      19    2 

9  47 

I  57      13    4 

21  17     123  18 

1  29 

18  14 

8    oS. 

3  19      14  25     21  36     23  15      18  48 

9  26 

2  21      13  24 

21  28     23  15 

1  30 

17  5« 

3  43     |14  44N.21  45 

23  12N.  18  34 

9    4 

2  44S.  13  44 

21  38S.  23  11 

1  31 

17  42S. 

4    6N.|              I21  54N. 

|i8  19N.    8  43N 

,14    4S. 

1             >3    78.  | 

700 
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CORRECTION  OF  THE  SUITS  DECLINATION,  tx  Table  60, 

fob  tu  iiiM  rouownro  1041,  1902,  1903,  1904. 

Gi?ea 
Yean. 

Following  Yean. 

Oiren 

Y«n. 

Following  Yean. 

1901 

1905 

1909 

1913 

1917 

1921 

1926 

1901 

1905 

1909 

1913    1917 

1921 

I92i 

1902 

1906 

1910 

1914 

1918 

1922 

1926 

1902 

1906 

1910 

1914 '  11*18 

1922 

1926 

1901 

1907 

1911 

1915 

1919 

1923 

1927 

1903 

1907 

1911 

1916    1919 

1923 

19*7 

1904 

1908 

1012 

1916 

1920 

1924 

1928 

1904 

1908 

1912 

1916:  1920 

1924 

1928 

9Mb. 

gab. 

$uh 

smb. 

smb. 

sub. 

smb. 

smb. 

sub.  1  smb. 

smb. 

mA 

Jan.    1 

or-i 

o'-3 

o'*4 

o'<6 

o'7 

o'*9 

JnaaftO 

O'l 

o''3 

0*4     o'-6 

0*7 

0'*8 

10 

0*2 

05 

0-8 

It> 

.'3 

1-6 

Jolj  10 

0*2 

05 

o*8      i-o 

!3 

1-6 

20 

0'4 

07 

II 

1-4 

2*2 

20 

0-4 

07 

11       14 

tt 

30 

05 

i-o 

\1 

2"0 

u 

3*0 

30 

05 

1*0 

l'$        2*0 

*'5 

3* 

Feb.  10 

o-6 

11 

2*2 

3*4 

Aug.  10 

O'S 

1-1 

17        23 

2-8 

3*4 

20 

o*6 

1*2 

1*9 

25 

3-1 

37 

20 

o-6 

1*3 

1-9   1  25 

3* 

3*9 

28 

07 

"*3 

2*0       2*6 

3*3 

4-0 

30 

07 

1*4 

2-0        27 

34 

4'« 

Mar.  10 

07 

1*4 

2'1 

28 

3'5 

4* 

Sept  10 

07 

«*4 

21        2*8 

3'5 

42 

20 

07 

1*4 

2*1 

2*8 

3*6 

4*3 

20 

07 

i'4 

2*1 

2-9 

3*6 

4*3 

add 
07 

add 
1*4 

add 

2*1 

add 

28 

add 
3'5 

add 
4'2~ 

add 
07 

add 
l"4 

add 

add 

add 
3*5 

4? 

30 

30 

2'I 

2* 

Apr.  10  i  07 
20  f  o-6 

1*4 

2*1 

27 

3*4 

41 

Oct.  10 

07 

1*4 

2'0 

27 

34 

41 

"3 

«"9 

2  5 

yl 

3-9 

20 

o*6 

1 '3 

1-9 

25 

3*2 

3? 

SO   o-6    j  ii 

17 

2*3 

2-8 

3*4 

30 

05 

11 

1-6 

2'2 

28 

3'4 

Ma?  10   O'S 

0-9 

*'5 

2*0 

«-s 

3"0 

Nor.  10 

05 

i-o 

1-4 

«-9 

2*4 

2-8 

20 

o*4 

08 

1*2 

1-6 

i-9 

2*3 

20 

04 

08 

1*2 

»'S 

2*0 

*•$ 

30 

o-3 

05 

o-8 

■  ■o 

i"4 

17 

30 

0'2 

05 

07 

i-o 

1  "3 

1-6 

J006  10     02 

03 

0-4 

05 

07 

0-9 

Dec  10 

0*2 

O'S 

04 

o-6 

07 

08 

20    o-o 

o*o 

o-i 

OI 

O'l 

01              20 

o*> 

o*o 

O'l 

O'l 

0'2 

o*3 

smb. 

tub. 

tub. 

tub. 

SHh 

tub.    1 

$uh. 

*>uh. 

sub. 

sub. 

•Mb. 

nb. 

30 

O'l 

03 

04 

0* 

07 

08    1          30 

O'l 

O'S 

04 

0-6 

07 

0-9 

TABLE  61 
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SIDEREAL  TIME,   rom  tmi 

t  Year  1901, 

At  Mean  Noon  at  Greenwich. 

*>*> 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

h    m 

h    m 

h    m    . 

h    m 

h  m 

h  m 

h  m 

h  m 

b    m 

h    m 

h    m 

h    m 

1 

1841-8 

2044 

22  34*4  O  36*6 

2  349  4  371 

6  35*4 

8  37*6  10  39-8  12  38*1 

14  40-3 

1638* 

8 

18  457 

20  479  22  38-3  O  405 

2  388  4  41 

6  39*3 

841*5'  1043-8  1242 

14  44*3 

16  42-5 

3 

18  497 

20  51-9;  22  423  0  445 

2  42*8  4  45 

6  43*3 

845*5'  10477  1246 

14  48*2 

16  46*5 

4 

1853-6 

20  55-8  2246*2  048*4 

2  467!  4  48*9  6  47*2 

8494'  1051*6  12499  14  521 

1650*4 

5 

18  575 

20  59**8|  22  50*2  0  52*4 

2  50-6  4  52*9  6  51*1 

8  534  10  55*6  12  53*9'  14  56*1 

16544 

e 

19    1-5 

21    37  22  54*1' 056*3 

2  546  4  568  6  55*1 

857*3  10595  12578  15   0 

16  583 

7 

19    5'4 

21    7*6  22  58    I  1    0*3 

2  585  5   o-8  6  59 

9    "-3;  11    3*5  13    17 

"5   4 

17     2-2 

8 

19   9-4 

21  11*6  23    2    1  1    4*2 

3    f5  5   47'  7    3 

9   52  11    74I  13    57 

15    7*9 

17    6*2 

9 

19  133 

21  155  23    59  1    81 

3    6*4  5    8*6  7    6-9 

9   9i 

II  11*4 

13    9*6  15  H*9 

17  IO*I 

10 

19  173 

21  195 

23    9*9  l  12*1 

3  10*4 
3  4'3 

5  12*6  7  10*9 

913*1 

II  153 
II  19*2 

13  13*6 
13  17-5 

15  15*8 

17  14-1 
17  l8~~ 

U 

19  21*2 

21  234 

23  13-8  I  16 

5  16*5'  7  148 

9  17 

15  197 

18 

19  251 

21  274 

23  177,  I  20 

3  18*2  5  20-5!  7  187 

9  21 

II  23*2  1321*5;  15237 

17  22 

13 

19  291 

21  3i  3 

23  217,  I  23-9  3  22-2  5  24 -4|  7  227 

9  24*9  11  27*1 

13  254  15  27*6 

17  259 

14 

"9  33 

21  352 

23  25*6  I  27*9'  3  26*1  5  28*3<  7  26-6 

9288;  11  31*1 

I3  29-3  I5  3I-6 

17  29* 

15 

19  37 

21  39*2 

23  296' 1  318 

3  3oi 

5  32*3 

7  30*6 

9  32*8  n  35 

13  33*3  15  35*5 

17  33* 

16 

19 409  21  431 
19448!  21  471 

23  33-5,  1  357 

334 

5362 

7  34*5 

9  367 

"39 

13  37*2,  15  39*4 

17  377 

17 

23  375  1  397 

338 

5402 

7  38-5 

9407 

II  429  13  41*2,  15  43*4 

17  417 

IS 

19  48*8  21  51 

23414  143*6 

341-9  5441 

7  42-4 

9  44*6 

1146-8,1345*1  1547-3 

17  45*6 

19 

19  527 

21  54 

23  45*3,  *  47*6 

3  458  5  48i 

7  46-3 

948-6 

II 508  13 491  1551*3 

17  49*6 

80 

19  567 

2i  58-9 

23  493  151  "5| 

3  49'8 

,5Ji_ 

7  50-3 

9525 
9564 

11  547j  13  53      15  55*2 
11  58'7i  I3  56-9,  15  59*2 

17  53*5 

17  57*4 

81 

20   0*6 

22     2*8 

23  53'2(  1  55*4 

3  537 

1  SSW  7  54*2 

88 

20   4*6!  22    6-8 

23  57*2,  1  594 

3  57 7i  5  59-9'  7  582 

10   0-4 

12    2*6  14    0-9  16    3*1 

18    14 

S3 

20    8-5  22  107 

0    i*i 

2    3*3' 4    1*6  6    3*8  8    2*1 

10   4*3;  12    6*6  14    4-8  16    7 

18    5*3 

84 

20  12-4I  22  147 

0    51 

2    7*3'  4    5*6  6    7*8  8   61 

10    8-3!  12  105  14    8-8  16  11 

18   9*3 

85 

20  16-4  22  i8*6 

0   9 

2  11*2'  4    9*5  6  117  8  10 

10  12-2*  12  14*4  14  127'  16  14*9 

18  132 

86 

20  20'3  22  22*6 

0  12*9  2  15*2  4  13*4  6  1571  8  13*9 

10  16-2  12  18-4;  14  167!  16  18-9 

18  172 

87 

20  24-3'  22  26*5 

0  16-91  2  19*1 

4  I7'4  6  196  8  179 

10  20-1 

12  22*3    14  20*6    16  22*8 

1821-1 

88 

20  28-2  22  30*4 

0  20-8  2  23 

4  21  3  623*5' 8  2i-8 

1  I02i 

12  26-3'  14  24-5*  l6  26*8 

1825 

89 

20  32*2 

0  24  *8j  2  27 

4  25*3  6  27*5  8  258 

1028 

12  30*2!  14  28*5'  16  30*7 

1829 

30 

2036*1 

0  287  2  30*9  4  29*2  6  31*4  8  297 

1031-9 

12  34*1 

14  324  16  34*6 

1832-9 

31 

2040 

0  327|           |  4  33*2            |  8  33*7 

10  35*9 

14  36*4| 

18  369 

Sidibeal  Time,  for 

1908. 

1 

18  40*8,  20  43 

22  33V  0  35*6]  2  33*9  4  36-1  6  34*4 

8  36*6'  10  389'  12  37*i!  14  39*3'  16  37-6 

8 

18  44 -8  20  47 

22374  039-6,  2  379  4401 

6384 

840-6  1042-8  1241*1 

14  43*3  16  416 

3 

18  487'  20  509  22  41  3  0  435!  2  41  -8  4  44 

6423 

8  44*5  104671  1245 

14472  16455 

4 

18  52-6  20  54-9  22  452  0  475  2  457  4  48 

646-2 

8485  10507;  1249 

1451*2  16495 

5 

18  56-6  20  58-8  22  49-2  0  51-4  2  497  4  51-9  6  50-2 

8  524  10  546  12  529  14  55*i|  16  534 

6 

19   05  21    27!  22  531  0  554  2  53-6  4  55'8  6  54*1 

8  563  10  58-6!  12  568  14  591   16  573 

7 

19   4-5  21    6-7(  22  571  0  593  2  576  4  59*8  6  581 

9   03  11    25  13    o-8,  15    3      17    1*3 

8 

19    84  21  10-6  23    1      1    32  3    i-5  5    37,  7    2 

9   42  11    6*5  13    47|  15    69  17    52 

9 

19  12*3  21  14-6  23    5    |  1    72 

3    55  5    77  7    6 

9   8*2  11  104  13    87)  15  10-9  17    92 

10 
11 

19  163 

1  21  18-5  23    8*9  1  hi 

j~21  22*5'  23~I2*8    I  15*1 

3    94  5"*6  7    9*9 
3  13*3  5  15*  7  13*8 

9  i2-i|  11  14*3,  !3  "2*6  15  148  17  131 

19  20*2 

,    9  161'  11  18-3*  13  166J  15  i8"*3 

17  171 

19 

19  24*2  21  26*4  23  i6*8  I  19 

3  17*3  5  19*5  7  -7'8 

:     9  20    |  II  22*2 

13  205  15  227 

17  21 

IS 

I9  28-I 

21  303   23  207    I  23 

321*2  5234  7217 

J    9  23*9  1 1  26*2 

13  244  15  267 

1724*9 

14 

19  32*1 

21  34-3  23  247  1  269  3  252  5  27*4)  7  257 

I    9279  11  301 
9318  1134*1 

13  284  15  30-6 

17  289 

15 

19# 

21  38-2  23  28-6  1  30*8  3  29-1  5  31  3  7  29*6 

13  32*3  15  34*5  17  32*8 

16 

19  39-9  21  42*2  23  326  1  34*8  3  33*i 

5  35*3.  7  33*6 

9  35*8  11  38 

13  36'3  I5  38-5 

17  368 

17 

19  439;  21  461  23  365  1  387|  3  37 

5  39*2  7  37*5 

9  397  11  4i*9 

13  402 

15424 

17407 

18 

19 47-8)  21  501    3  404  1  427.  3 40-9  5  43'2 

7  41*4 

9  437  11  45*9 

13  44*2 

15  464 

17  447 

19 

19  51 -8  21  54    1  23  444  1  46-6  3  44  '9.  5  471 

7  45*4 

947-6  1149*8 

13  48i 

15  5o-3 

1748-6 

90 

19  557  21  579 

23  483  1  5o*5 
'  23  523  1  54  5 

3  48-8,  5  51 

7  49*3 

9  51*5  11  53*8 
9  55*5  11  577 

13  52 
13  56" 

15  54*3 

17  52*5 

81 

19597.22    19 

3  52-8  5*55 

7  53*3 

15  582 

17  56" 

88 

20   3-6  22    58  23  562  1  58-4 

3  567  5  58*9  7  57*2 

9594  12    i-6 

13  59-9 

l6     2*1 

18   ou 

83 

20   7-5'  22    9-8,    0  0-2  2    2-4 

4    07,6    2*9' 8    1*2 

10   34  12    5*6 

14    3*9 

16   6*i 

'!  f« 

84 

20  11-5122  137    0   4-1  2   6-3 

4    4*6,6    6-8]  8    5*1 

10   73'  12   95 

14    7*8 

16  10 

18   8*3 

85 

20  15-4'  22  177    0   8 

2  103 

4    85  6  108.  8    9 

10  n*3  12  13*5 

14  ii*8 

16  14 

18  123 

86 

20  19-4' 22  21  *6j    012 

2  14-2 

4  125  6  147  8  13 

10  15-2'  12  17-4 

14  157 

16  17*9  18  16*2 

87 

20  23-3  22  25-5 

0  15*9  2  18-1 

4  164  6  18-6  8  16*9 

10  19-1   12  21*4 

14  19*6 

16  21*9 

18  201 

88 

20  27-3  22  29-5 

O  19*9  2  22*1 

4  20*4  6  22*6  8  20-9 

10  231 

12  253 

14  236 

16  25*8 

18  24*1 

89 

2031-2 

O  23'8  2  26 

4  24*3  6  265  8  248 

1027 

12  29*2 

14  27  5 

16297 

1828 

SO 

*>35'i 

0  277   2  30 

4  28*3  6  305  8  288 

10  31 

12  332 

14  31-5 

16  337 

1832 

3) 

20391 

O317; 

4  32-2J             8  327 

10  34*9 

14  35*4 

18  35*9 

702 


TABLE  61 


SIDEREAL   TIME,  roa  tut  Ya*a  1903, 

At  Mean  Noon  At  Greenwich. 

D*> 

Jan. 

h     m 

Feb. 

h     m 

M*r. 

April 

May 

June 

July 

Aug. 

Sept. 
h     » 

Oct. 

Not. 

D». 

h      m 

h     m 

a     m 

h     m 

a     m 

a     m 

a     n 

b.      m 

b    ■ 

1 

1839-8   2042*1    22  325 

0  347  233-0435-2  6335I 

8  357  10  37-9  12  36-2   14  38-4  16  36-j 

2 

18  43 -8  20  46-0  22  364  0  38-6  2  369  4  39'i  i  6  374 

839-6  1041-8  1240*1,  1442-3!  1640-rj 

3 

18  477!  20  50-0  22  403  0  42-6  2  408  4  43-1  6  41-3 
18  517  20  53-9  22  44  3'  0  46-5,  2  448  4  47^  6  453 
18  55-6  20  578  22  482  0  504  2  487  4  5<>*9  6  492 

843-6  1045-8  1244-1    14  46-3  1644^ 

4 

847-5!  10  497,  1248-0  14  50-2  16485 

5 

8  51  4;  io537i  12  Si-9,  14  54*21  16524 

6 

18  59-6  21    1  -8  22  52-2]  0  544'  2  527  4  54-9'  6  532 

8  55*4  1057*6;  12  55*9  "4  5**i   16564 

7 

19   3*5  21    57  22  56i(  0  583!  2  566  4  588  6  57-1 

8  59*3  »    1*5  1259-8   15     **i!  "7   o-j 

8 

19    7-4  21    97  23   o-ij  1    2-33   0-6  5    2-8  7    11 

9   3*3  11    5*5'  13    3*8  15     6-oj  *7   4  3 
9    7-2  11    94  13    771  IS    9*^  «7   8-a 

9 

19  n-4  21  13-6  23   4-0  1    62  3    4'5:5    67  7    5*o 
19  15-3  21  17-6  23    7-9  1  102  3    8-4  5  107  7    »*9 
19  193  2<  21*5  23  11-9  1  H'll  3  '2*4  5  14*6,  7  I2-Q< 

10 
11 

911-2  11  134 
9  151   11  173 

13  II-7 

15  13*9 

IS  17-8 

1712-a 

13  15^ 

17  161 

12 

19  23-2  21  254  23  158  1  18-0  3  16-3  5  185I  7  16-8 

9  I9T>(   II  2l*3|  13  19-5    15  2JI-8]   17  20-C 

IS 

19  27-2   21  29*4   23  19*8    I  22*0   3  20*3   5  22'5|  7  20-8 

9  23-0  I!  252  13  23-5  15  257;  17  24-0 

14 

19  3«i!  21  33*3  23  237  1  259  3  242  5  26-41  7  *4  7 

9  26-9  11  29-11  13  27*4  15  29-6   17  27-s 

15 

19  35*o,  21  373  23  277  1  299  3  282  5  304.  7  287 

9  3o*9!  »  33*ij  "3  31*4  15  33*6,  17  3«1 

16 

I9  39"0|2i  41  2  2331-6  1  338  3  321  5  34-3|  7  32-6 

9348  ii37*o  13  35*3  15  37*5  '7  35** 

17 

19  42-9  21  452  23  35  5  1  378  3  36-0  5  38  3,  7  365 

9  3H8  11  41-oj  13  39*3  15  41*5  *7  39*71 

18 

1946-9  21  491  23  395  1  417  3  40-0  5  42-2|  7  405 

94271  11  44*9  13  43*2=  IS  45*4   »7  4371 

19 

19  508  21  53-0  23  43*4  1  45*6  3  43*9  5  46i|  7  44  4 

946-6  11  48*9'  13  47*i !  15  49*4'  I7  47"4 

20 

19  54'8j  21  57-0  23  474  1  49-6,  3  47*9  5  50i|  7  484 

9  50*  11  528  13  511!  15  533  17  51-ffl 

21 

19  587!  22    0-9  23  51*3  1  535  3  51  -8  5  54-oj  7  523 

9  54*5,  "  567i  13  55*o  15  57*2!  17  55*i 

22 

20   26  22    49  23  553  1  575  3  55*8  5  5H  7  *6'2 

9  58-51  12   07,  13  59*0  16    i-2  17  59*5 

23 

20   6-6  22    8-8  23  592  2    14  3  597  6    1-980-2 

10   2-41  12    4-6  14   2-9  16    5*1 

18  n 

24 

2010-5  22  I27(    0    3*12    5-44    366    5-9' 8   4-2 

10   6-4  12    8-6J  14   6-8 

16    9-1 

18   71 

25 

2014-522167'    0    7-12    9*34    7*6,6    9*8  8    8-i 

10  io*3  12  12-5  14  10-8 

16  i3«o| 

18  11-3 

26 

20  18-4  22  20-6    0  n-o  2  13-2  4  11-5  6  13*7]  8  12-0 

10  14-2*  12  16*5  14  147 

16  17-0  18  15*2 

27 

20  22-4  22  24-6    0  15*0  2  17-2  4  15-5  6  177,  8  16-0 

10  182  12  20-4  14  187 

16  20-9'  18  19-3 

2A 

20  263  22  28-5,    0  18-9  2  21  -i.  4  19-4  6  21  -6'  8  19-9 

IO  22-1,  12  24*3    14  22*6:  l6  24 -81  l8  23*1 

29 

20  30'2j 

0  22-9  2  25*ii  4  23-3  6  25-6,  8  23-8 

IO  26-1    12  28*3    14  26*6    16  28-8.   18  27-1 

30 

2034-2, 

0  26-8  2  290  4  27-3  6  29-5  8  27-8 

10  30-0  12  32-2  14  30-5  16  327   18  311 

10  34*0}             1  14  34-4J               f  18  34** 

31 

20381 

0307;            |4  3»'*i            |S  317 

SiDEaiAL  Time,  for 

1904. 

1 

18  38-9' 20  411I  22  354J  0377 

2  35  9  4  38-2 

636-4 

8387 

1040-9  1239-2  I4  4"*4    1639-6 
10448   12  431   14  45*3    16  43-5 

2 

1842-8,  20451  22  39-4'  041-6 

3399  4  421 

640-4 

842-6 

S 

18  46-8,  20  49-0  22  433'  0  455 

2  43*  4  460  6  44*3 

8465 

10  488  12  47-0  14  49-3   16  47*5 

4 

18507,2052-9  22473  0495 

247-8449-0 .6483 

8505 

10527  1251-0  14  53*2   16515 

5 

1854712056-9  2251-2  053-4 

2517  4  53*9  6522 

8  54*4  10  56-6  12  54*9;  14  57*2   16  55*4 

6 

18  58-6:  21    o-8  22  55  2  0  57-4 

2  557'  4  57*9  6  56-1 

8  58  4  11    o-6  12  58-9  15    i-i    16  594 

7 

19    2-5:  21    48  2259-1'  1    1-3 

2  59*6  5    i-8j  7   o-i 

9   23  11    4*5  «3    2-8|  15    5-0  17   33 

8 

19   65I  21    87  23    3-0  1    53 

3   3*5;  5    5*8,7   40 

9   63'  11    8-5,  13    6-8  15    9-0  17    7-3 

9 

19  10-4  21  12-6  23    7-0  1    9-2 

3    7*5  5   97|  7    8-o 

9  IO '2 

11  12-4  13  107,  15  12-9  17  n-a 

10 

jq  14-41  21  16-6  23  10-9]  1  13-1 

311-4  5  13*6,  7  "*9 

9  *4*i 

11  16-3 

13  14-6!  15  16-9  17  15M 

if 

19  183  21  20-5  23  14-9  1  17-1 

3  I5*4j  5  17*6  7  15*9 

9*18-1 

11  20-3 

13  18-6  15  20-8,  17  19-1 

12 

19  22-31  21  24-5  23  i8-8|  1  21-0 

3193  521-5  7198 

9  22*0 

11  24-2 

13  22-5!  15  247  17  23-a 

13 

19  26*2   21  28*4   23  22-8i  I  24X) 

3  232  5  25-5  7  237 

9  26*0 

11  28*2 

13265I  15287  17271 

14 

19  3°*2 

21  324  23  267  1  289 

3  27-2  5  294  7  277 

9299 

11  32-1 

1330*4,  15  32*6  1730^ 

15 

19  341 

21  36-3   23  306   I  329 

3  311  5  33*4;  7  31 -6 

9  33*9 

11  36*1 

13  34*3  15  36*6  17  34*J 

16 

19  38*0 

21  40-2  23  34-6J  1  368 

3  35-i  5  37*3;  7  35*6 

9  37*8 

11  40-0 

I3  38-3  15  40*5   17  3^ 

J7 

1942-0 

21  44*2  23  38-5  1  407 

339-0  5  41 '*j  7  39*5 

9417 

11  44*0 

1342-2,  15  44*5  "742-7 

18 

19459 

21  481  23425  1  447 

343-0  5  45*2  7  435 

9  457 

11  47*9 

1346-2  1548*4  I7  46-7 

19 

19  498 

21  521   2346-4  1  48-6 

346-9  5  49*1  7474 

9  49*6  11  51  *8t  13  5oi  15  52*3  "7  5©i 

20 

21 

19  53*8 
«9  577 

21  56-0  23  50-4  1  52-6 

22  o-o'  23  54-3ri  56-5 

3  S°*.  5  53-ii  7  51*3 
3  54*8,  5  57*0,  7  55*3 

9  53*6 
9  57*5 

11  558 
11  597 

12  54-i 

15J6-3  17  S4< 

1358*0 

16   0-2  1758*5 

22 

20    17 

22    3-9  23  582  2   0-5 

35876    1-0759-2 

10   1-5 

12    37i  14    i"9  16   4*2  18    2-4 

23 

10   516 

22    7-8,    0    2-2J  2    4-4 

4    2-71 6   4*9  8   32 

10   5-4 

12    7-6,  14    5-9  16   8-i  18    6*4 

24 

20   9*6 

22  11*8.    0   6i|  2    8*3 

4   6-6|  6    8-8  8    7-1 

10  93 

12  11 -6,  14   9-8  16  i2-i   18  103 

25 

2013-5 

22  15*7]    0  10  I.  2  12*3 

4  10-6  6  12-8  8  11 -1 

10  133 

12  15-5  14  13-8  16  16-0  18  14-3 

26 

20  17-5 

22  197,    0  14-0,  2  16-2  4  14-5'  6  167  8  15-0 

10  17-2 

12  19-4  14  17 7(  16  19-9  18  18*2 

27 

20  21*4 

22  23-6    0  17-9  2  20-2  4  18-4;  6  207  8  18-9 

IO  21 -2 

12  23-4  14  217'  16  23-9  18  22*3 

28 

20253 

2227-6,    021  -9'  2  24-1 

4  22*4!  6  24-6  8  22-9 

|  I0  25I 

1227*3  1425-6  1627-8  1826-1 

29 

2029-3 

22  31  5    025-8;  2  28-1 

4  26-31  6  28 -6,  8  268 

,  10  29-0 

12  3 13  14  29-5  16  31-8  18  30-0 

30 

20  332 

|    0  29-8  2  32-0 

4  30-3 

6  32-5  8  30-8 

,  10  33-0  12  35-2'  14  33*5  '6  357,  18  34x3 

31 

2037-2 

|    0337J 

4  34*2 

I            1  8  34*7 

|  10  36-9             |  14  37*4|             |  *8  37*5 

TABLE  t» 


EQUATION    OP  TIME,  for  the   Year   1001, 
For  Apparent  Noon  at  Greenwich. 


Day 


1 

2 
3 

4 
5 
6 
7 
8 
9 
10 


Jl 
12 
13 
14 
15 
16 
17 
18 
19 
20 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
SI 


Jan. 


Feb. 


add 

3-34' 
4  a 
4  30 

4  58 

5  25 

5 5f 

6  18 

6  44 

7  9 

7  34 

T^ 

8  22 

8  45 

9  7 
9  29 
9  SO 

10  10 
10  30 

10  49 

11  8 


Mar. 


I3-46-I 

13  53 
1  14  o 

;  14  6 

14  12 
14  16 

;  14  20 
14  23 

14  25 
14  26 


April 


11  25 
11  42 

11  58 

12  13 
12  28 
12  41 

12  54 

13  6 

13  ll 
13  28 

'3  37 


14  27 
14  27 
14  26 
14  24 
14  22 
14  19 
14  15 
14  11 
14  6 

13  53 
13  46 
13  38 
13  30 
13  21 
13  " 
13  1 
12  50 


add 
12-38- 
12  26 
12  14 
12  I 
II  48 

11  34 

II  20 

"   5 
IO  50 

to  34 
10  19 
10  3 
9  46 
9  30 
9  13 
8  56 

8  39 
8  21 
8  4 
7  46 
728 
7  10 
652 
6  34 
6  15 

5  57 
5  39 
5  20 
5  2 
4  43 

-L2L 


add  4* 
3 
3 
3 

2 
1 
2 
2 
1 
I 


I 
O 
O 

o 
addo 
tub.O 
O 
O 
O 

I 

1 


May 


$*b 
2-551 
3  3 
3  10 
3  17 
3  22 
3  28 
3  33 
3  37 
3  4i 
3  44 


June 


46 

48 

49 

50 

5o 

491 

48 1 

47 


tub.  2"30* 
2  21 
2  12 
2  2 
I  52 
I  42 

I  31 
I  20 

1  9 
_o  57 

o  45 
o  33 
o  21 


46  ; 3  45 

o  3  42 


tub.O 
addo 
O 
O 
O 
O 
1 
I 
I 
I 
2 
2 
2 
2 
2 

3 
3 


8 
4 
17 
30 
43 
56 
9 
22 

35 
48 

1 

14 
27 
39 
52 

4 
16 


July  Aug. 


Sept 


add     add 
3-27-  6-  8 

3  39  ,  °  4 
50  6  o 

iis  55 
12  5  50 

22  ]  5  44 
32 1 5  37 
42 : 5  30 
51  5  23 

o 


5_J4 

~$  ! 

4  56 
4  46 
4  36 
4  25 


«Wo"  4' 

Sub.O   15 
O 
O 


«♦ 


.  5°  4  1 

5  56  ,  3  49 

6  0,3  35 


3  22 

38 

p 

22 

6 

50 

33 
16 

58 
40 
22 


6  46 

7  I 
7  28 

7  49 

8  10 

8  30 
851 

9  " 
9  31 
9  51 


Oct.   Nov. 


IO- IO' 

10  30 

10  49 

H  7 

11  25 

11  43 

12  1 
12  18 
12  34 

12  50 

13  6 
13  21 
■3  36 

13  50 

14  4 
M  17 
14  29  i 
14  4i 

14  53 
I5_3 

15  14" 
15  23 
15  32 
15  40 
15  48 

15  54 

16  1 
16  6 
16  11 
16  14 
16  17 


tub, 

6"20" 

6  21 

22 

21 

20 

18 

16 

12 

8 

2 


Dec. 


tub.  1 1-  2 
IO  40 
IO  16 

9  Si 

9  28 

9  3 

83? 
8  11 


7  Al 
7  18 

6  50 

6  22 


1  45 
1  24 


tub. 
add 


54 
20 

57 
28 

58 
29 
59 
29 

o 

30 

o 

30 

o 

30 

59 
29 

58 
27 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

j/0 

21 

22 

23 

24 

25 

26 

27 

28 

29 

:K> 

31 


Equation  or  Timi,  for  1902. 


add 

3  53 
22 

49 
17 
44 
10 

36 

2 

27 


4 
4 
5 
5 
6 
6 
7 
_7 

I  Sl 
8  15 

8  38 

9  1 
9  23 
9  44 

10  5 
10  25 

10  44 

11  2 


II  20 

11  37 
»  53 

12  8 
12  23 
12  36 

12  49. 
«3  I 

13  13 
13  23 
13  33 


adit    J 

3",42' 

50 

57 

4 

9 

14 

18 

22 

24 
26 

27" 
27 
26 

25 
22 

19 

16 

11 

6 

o 


add 
12-40* 
12  28 
12  16 
12  3 
II  50 
II  36 
II  22 
II   8 

10  53 
10  38 

IO  22 
IO  7 
9  50 
9  34 
9  17 
9  o 
8  43 
8  26 
8  8 

_2_5°_ 
32 
14 
56 
37 
19 
o 

42 
23 
5 
47 
28 


adil  4mJO* 

3  52 

3  34 

3  16 

2  59 

2  41 

2  24 

2    7 

I  50 

1  33 

1  17 

1     1 

045 

0  30 

addo  14 

tub.O     0 

O  15 

O  29 

0  43 

0  56 

l    9 

1  22 

1  34 

1  46 

1  57 

2    8 

2  18 

2  28 

2  37 

2  46 

i 

tub.  I 
2-54" 
3  2 
9 
15 
21 
26 
31 
35 
39 
42 
44 
46 
48 
49 
49 
49 
48 
46 
44 
42 
39 
35 
3i 
27 
22 
16 
10 
3 

Sf 
48 

40 


tub.  2"32' 
2  23 
2 
2 
I 
I 
I 
I 
I 
O 


14 

4 
54 
43 
32 
21 
10 
58 


o 
o 
o 

tub  O 
addo 
O 
O 
O 
O 
I 


add 

3-25' 

3 

3 

4 

4 

4 

4 

4 

4 

I 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

e 


6-10': 
6  7 
3 

58 
53 
48 
41 
34 
27 

}* 
10 

I 

51 
40 
29 
18 
6 

53 
40 
26 

13 

57 
42 
27 
11 

55 
38 
21 

4 
46 
28 


add  OTIO* 

tub.  o     9 

O  28 


47 

7 

26 

46 
7 

27 
48 
8 
29 
5o 
11 
33 
54 
15 
37 
58 
19 
40 
1 
22 

VI 
12S 

8  45 

9  5 
9  25 
9  45 


tub. 

10-  4' 
10  23 

10  42 

11  1 
11  19 
11  37 

11  54 

12  12 
12  28 

12  45 
13*  1 

13  16 
13  31 
13  45 

13  59 

14  13 
14  26 

14  38 

14  5° 

I5_L 

15  11 
15  21 
15  30 
15  38 
15  46 
15  53 

15  59 

16  4 
16  9 
16  13 
16  16 


tub. 

6-18- 

6  19 


\l 


4 

3  5: 
3  42 

si 

2  49 
2  30 
2  11 


tub.  1 1-  7' 

I0  45 
IO  22 
9  58 
9  34 
9  9 
8  43 
8  17 
7  51 

. 73 

6  57 


add 


3o 
2 

33 
5 

36 
7 

38 

8 
39 

9 
39 

9 
21 

51 
21 


«  50 
2  20 

«  49 


704 

TABLI 

;  62 

EQUATION   OF  TIME,  rot 

tmc  Year 

1903. 

For  Apparent  Noon  at  Greenwich. 

1*7 

Jan. 

Feb, 

Mar. 

April 

May 

June 

Jnly 

A*g. 

a**. 

Oct. 

Nov. 

fe 

mdd 

add 

«*. 

mdd 

M*. 

smb 

l 

mdd   3»l8* 

I3-39" 

I2"42* 

add  4-1? 

2-51' 

n*.  2-33- 

3-24' 

add  6-12' 

add  0-14* 

9-sr 

16-ir  wmkin 

s 

3  46 

13  47 

12  31 

3  57 

2  59 

2  24 

3  35 

6    8 

MiO      4 

10  19 

16  19 

1         10? 

3 

4  15 

13  55 

12   19 

3  39 

3    6 

2  15 

34Z 

6    4 

O  23 

10  38 

16  20 

I           102 

4 

44a 

14    2 

12     6 

3  21 

3  13 

«     5 

3  58 

6    0 

0  43 

10  57 

16  21 

KM 

5 

5  10 

14    8 

11  53 

3    3 

3  19 

1  55 

4    9 

5  55 

I      2 

11  15 

16  20 

9# 

6 

5  37 

14  13 

II  40 

2  46 

3  24 

1  45 

4  19 

5  49 

I   22 

11  33 

16  19 

9*i 

7 

6    3 

14  17 

11  26 

2  28 

3  29 

1  35 

4  29 

543 

I   42 

11  5S 

16  16 

«? 

8 

6  29 

14  20 

II  II 

2  11 

3  34 

1  24 

4  39 

*3£ 

2     2 

12    8 

16  13 

M 

9 

6  55 

14  23 

10  56 

x  54 

338 

1  13 

4  5« 

5  28 

2  23 

12  25 

16    9 

7  5* 

10 
11 

7  20 

14  24 

10  41 
10  26 

1  37 

3  41 

3  44 

1     1 
"049 

5  20 

2  44 

12  42 

16    5 

7? 

7  44 

14  25 

1  21 

5    6 

5  11 

3    4 

12  58 

15  59 

7  4 

IS 

8    8 

14  25 

10  10 

1     4 

342 

0  37 

5  14 

5    2 

3  25 

13  13 

15  53 

6* 

13 

531 

14  25 

9  54 

O  48 

3  48 

0  25 

5  22 

4  52 

3  46   13  23 

15  45 

6  ( 

14 

8  54 

14  23 

9  37 

0  33 

3  49 

0  13 

5  29 

4  42 

4    7 ! 13  43 

15  37 

5* 

15 

9  16 

14  21 

9  20 

0  17 

3  49 

*mb.O     I 

5  36 

4  31 

4  28 ; 13  57 

15  28 

5" 

16 

9  H 

14  18 

9    3 

addo     2 

3  49 

addo  12 

5  43 

4  20 

4  50 ;  14  10 

15  18 

4  4] 

17 

958 

14  15 

8  46 

*mb.  0  12 

348 

0  25 

O  38 

5  49 

4    8 

5  11  , 14  23 

15    7 

4* 

18 

10  18 

14  11 

8  29 

O  27 

3  47 

5  54 

3  56 

5  32   14  35 

14  55 

341 

19 

10  37 

14    6 

8  11 

O  41 

3  45 

O  51 

5  59 

3  43 

5  53   14  47 

14  43 

SU| 

20 

10  56 

14    0 
13  54 

7  53 
7  35 

0  54 

3  43 

I      4 

6    3 

3  29 
3  15 

6  14 

14  3» 
IS"? 

14  30 
14  15 

llil 

SI 

11  14 

1     7 

3  40 

I    17 

6    7 

!3I 

*': 

ss 

11  31 

13  47 

7  17 

1  20 

3  36 

I   30 

6  10 

3    1 

6  56   15  18 

14    0 

1  *: 

S3 

"  47 

13  40 

6  59 

1  32 

3  32 

l  43 

6  13 

2  46 

7  17 !  15  27 

J3  45 

I  '•': 

24 

12  2 
12 18 

13  32 

641 

1  43 

3  28 

I  56 

6  16 

2  31 

7  38|i5  35    13  28 

045 

SS 

13  23 

6  23 

I  54 

3  23 

3     9 

6  17 

3   15 

7  59'i5  43    13  11 

*mk  01: 

S6 

12  32 

13  14 

6    4 

2    5 

3  17 

2  22 

6  18 

1  59 

8  19! 15  50    12  53 

mdd  ov 

S7 

12  45 

13    4 

546 

2  15 

3  11 

2  34 

6  19 

I  43 

8  40   15  57    12  34 

<M; 

S8 

12  57 

12  53 

5  28 

2  25 

3    4 

2  47 

6  19 

I  26 

9    0  16    2    12  15 

1 3: 

S9 

13  9 

5  10 

2  34  2  57 

2  59 

6  18 

I    9 

9  20  16    7 

11  55 

1  * 

SO 

13  20 

4  5i 

hub  2  43  j  2  49 

add  l  12 

6  16 

0  51 

5*6.9  40   16  11 

«  34 

2  1' 

3] 

ooW  13  30 

4  33 

|2  41 

6  14 

addo  33 

|i6  15 

ami  2C 

Equatio 

11  or  Tim  1,  fob 

1904. 

add 

add 

I  m*. 

add 

««*.          8*b. 

1 

add    3-1  !• 

13-37' 

12-34' 

add  4-  I",  2*57' 

««ft.2-27' 

3"32- 

add  6"  8- 

tmb.o-  r 

10-16-  i6-ao» 

imh.vn 

S 

3  42 

13  45 

12  22 

3  43 ; 3    4 

2   18 

3  43 

6    4 

0  20 

10  35 

16  21 

10  y 

3 

4    8 

13  53 

12    9 

3  2513  11 

2     8 

3  54 

6    0 

0  39 

10  53 

16  21 

10  K 

4 

4  35 

14    0 

II  56 

3    7   3  18 

1  sl 4  1 

5  55 

0  59 

11  12 

16  21 

9* 

6 

5    3 

14    6 

n  43 

2  50  3  24 

I  48  4  16 

5  49 

1  18 

11  30 

16  20 

9:l 

6 

5  30 

14  11 

u  29 

2  32  1 3  29 

I  38  426 

5  43 

I  38 

11  48 

16  17 

S? 

7 

5  57 

14  15 

11  14 

2  '§ 

3  33 

I  27  4  36 

5  37 

I  58 

12    5 

16  14 

Sv 

8 

6  23 

14  19 

11     0 

1  58 

3  37 

I  16  4  46 

5  29 

2    19 

12  22 

16  10 

8  4 

9 

6  48 

14  22 

10  45 

1  41 

3  40 

I     4  4  55 

5  21 

2  39 

1238 

16    6 

7  3: 

10 

7  13 

14  24 

10  29 
10  14 

1  25 

3  43 

0  52 

5    4 
5  12 

5  13 

3    0 

12  54 

16    0 

7i* 

11 

23* 

14  25 

1     8 

3  45 

040 

5    4 

3  20 

13  10 

15  54 

6*5] 

IS 

8    2 

14  25 

9  58 

0  52 

3  47 

0  28  '  5  20 

4  55 

3  4i 

13  25 

15  47 

615 

13 

8  26 

14  25 

9  41 

0  37   3  48 

0  16 1 5  28 

4  45 

4     2 

13  39 

15  39 

ift 

14 

849 

14  24 

P 
I*1 

0  22 

3  49 

«*o    3 1  5  35 

4  34 

4  23 

13  53 

15  30 

5  2 

15 

9  11 

14  22 

mddo     7 

3  49 

addo  10    S  42 

4  23 

4  44 

14    7 

15  20 

4*?; 

16 

9  33 

14  20 

m*.o    8 

3  48 

O  22  |  5  48 

4  11 

5    6 

14  20 

15  10 

42s 

17 

9  54 

14  17 

834 

0  22 

3  47 

0  35 1  5  53 

0  48  i  5  58 

3  59 

5  27 

14  32 

1458 

3  5^1 

18 

10  14 

14  13 

8  16 

0  36 

3  45 

3  46 

5  48 

14  44 

1446 

3?< 

19 

10  34   14    8 

7  59 

0  50 

3  42 

1     1   6    3 

3  33 

6    9 

14  55 

14  33 

2l\ 

SO 
SI 

10  5J 

14    3 

7  41 

1    3 

3  39 
3  36 

1  14 1 6    7 

3  19 

6  30 

15    6 

14  19 

a  s| 

11  11 

13  57 

7  23 

1  15 

I  27  >  6  10 

3    4 

652 

15  Xl 

14    5 

IM 

SS 

11  28 

13  50 

7    5 

1  27 

3  H 

I  4ot6  13 

2  50 

7  13 

1526 

13  49 

u} 

S3 

11  44 

13  43 

6  47 

1  39 

3  28 

I  53  *  15 

2  34 

7  34 

15  34 

13  33 

ofi 

94 

12    0 

13  26 

6  28 

1  5i 

3  23 

2    6  6  17 

2  18 

7  55 

15  42 

13  16 

sue.  023 

25 

12  15 

6  10 

2    2 

3  18 

2  19  6  18 

2    2 

8  15 

15  5o 

1258 

oAi  0  J 

26 

12  29 

13  17 

5  52 

2  12 

3  12 

2  31    6  18 

1  46 

8  36 

15  56 

12  40 

0  57 

27 

12  43 

13    7 

5  33 

2  22 

3    5 

2  44   6  18 

I  29 

8  56 

16    2 

12  21 

I  fl 
136 

28 

12  ss 

1256 

5  15 

2  32 

258 

2  56:6  17 

I  12 

9  16 

16    7 

12    1 

29 

13    I 

12  45 

4  56 

2  41 

2  51 

3    8;6  16 

0  54 

9  36 

16  12 

n  40 

*  -i 

so 

13  18 

4  38 

tub.  2  49 

2  43 

add  $  20   6  14 

0  36 

sub  9  56 

16  15 

11  18 

iW 

31 

add  ij  28 

4  20 

2  35 

16  11 

addo  18 

16  18 

a*  3  3 
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MEAN  PLACES  o*  tub 

PRINCIPAL  FIXKD  3TAK3  won,  Jam    I*t.  190a 

Name 

Mag. 

Right  Ate. 

Ann.  Var. 

Declination 

Ann.  Var. 

a  Andromedae      AfpktraU 
y  Pegasi                   Algenib 
a  Phoenicia 

2 

3 

2 
var. 

2 
a 
l 

2 
2 

J_3 

2 
1 
t 
1 
2 

2 

2 

2 

rar. 

2 

ant 

0    3  13 
085 
0  21  20 
0  34  50 

0  38  34 

1  22  33 
«  33  59 

1  57  45 

2  1  32 

2  57    3 

s 
+  3*9 
308 
297 

3*37 
301 

253" 
224 
366 
3\17 
3'3 

+  426 
3*44 
4'43 
2*88 

379 
306 

3°J 
218 

3*5 
440 

Of* 

28  32  18  N. 
14  37  39  N. 
42  50  57  a 
55  59  19  N. 
18  32    8  a 

88  46  27  N. 
57  44  41  S. 
41  51     oN. 
22  59  23  N. 

3  4i  5"  N. 
49  30  «9  N. 
16  18  30  N. 
45  53  47  N. 

8  19    1  a 
28  31  23  N. 

0  22  23  S. 

1  15  57  S. 
34    7  38  a 

7  23  19  N. 
44  50  14  N. 
52  38  27  a 
16  29    5  N. 

16  34  43  s- 
28  50    98. 
32    6  29  N. 

5  28  52  N. 
28  16    4  N. 
39  43  16  a 

54  20  32  a 

_8j3 _3oa_ 
12  27  22  N. 

20  20  50  N. 

59   9  30  a 

62  17  27  N. 

21  4  18  N. 

«5     7  P  N. 
54  15    3N. 
62  32  41  S. 

22  50  38  a 

38  51  30  N. 

ft 
+  19-9 
+  200 
-19-5 
+  198 
-198 

4-188 
-183 
+  17*4 
+ 17*2 

+  143 

«  Cassiopeae              Sckedar 
0  Ceti              Demib  Kaitot 

a  Urtae  Minoris       Polaris 
a  Eridani               Ackemar 
y  Andromedae          Almaek 
a  ArieCia                     Hamel 
a  Ceti                         Menkar 

a  Peraei                      Mirfak 
a  Tauri                  Aldebaran 
«  Aurigae                   Capeila 

0  Orioiiis                      BLaf 
$  Tauri                         Natk 

1  Ononis • 

3  "7  i« 

4  30  «« 

5  9  18 
5     9  44 
5  "9  5* 
5  26  54 

5  31    * 
5  36    2 

5  49  45 
5  52  12 

+  131 

+  75 
4-  40 

-  44 
+  3*3 

-  2-9 

-  a-5 

-  21 
+  ro 
+  67 
+   1-9 

-  28 
+  47 
+  4  7 

-  7  6 

-  90 

-  84 
+  io*o 
4-15-0 
+  I5'4 

c  Orionif                  Alnitam 
a  Columbae                 Pkaet 
a  Orionif              Betelguete 
&  Aurigae            Memkalhum 

«  Argus                  Cunopiu 
y  Geminorura           Alkena 
a  Canis  Majoris         Sirius 
t  Cams  Majoris         Adam 
a*  Geminorum            Castor 
a  Canis  Minoris     Procyon 
0  Gemiaoruin           Pollute 
f  Argus  

I 

2 

I 

I,  2 

2 

1 
I 

2 
2 

2 

1,  a 

2 
var. 

2 

a.  3 

2 

2.  3 
1 

2,  3 
_3_ 

1 

2 

1 
3*4 

1 

1 

3 

2 
2 
a 
2,  3 
3 

1,  a 
2 

3 

2 

2,  3 
I 

I 

2 

6  21  44 
6  31  56 
6  40  44 

6  54  42 

7  28  13 

7  34    4 

7  39  «a 
804 

8  41  57 

9  22  40 

+  "33 
3*47 
2*64 

236 
384 

3*14 
368 
211 
166 

a  95 

4-3-20 

3  3" 

232 

374 
320 

306 
3-«8 
3*30 
3«4 
281 

1  Argus  

a  Hrdne                Alpkard 

a  Leonis                   Begulut 
yx  Leonis                    Algeiba 
if  Argus  

10    3    3 
10  14  28 
10  41  11 

10  57  34 

11  8  47 

11  43  5« 

11  48  34 

12  21     2 
12  29    8 
12  51  21 

-181 
+  189 
-194 
-197 
-201 

—  20'0 
4-200 
4-20*0 
-19  5 

a  Urtae  Majoris         Dubke 
1  Leonis                      Zotma 

0  Leonis                Denebola 
y  Ursae  Majoris        Pkecda 
a1  Craeis 

^Corri    

a  Canmn  Venatieorum 

a  Virginia                    Spica 
if  Urtae  Majoris  Bemetnatck 
0  Centauri 

«3  "9  55 

13  43  36 
"3  56  46 

14  1  41 
14  11    6 

14  32  49 
14  45  21 

14  5"    0 

15  »  37 
15  3o  27 
15  39  20 

15  59  37 

16  23  16 

16  38    4 

17  28  10 

17  3o  17 
17  54  17 
«*  33  33 
«9  45  54 
20  17  44 

+  315 
2*37 
419 
162 

273 

405 

+  3*3" 

~0'22 
+  3-22 

2*54 

+$ 

3*67 
631 
i*35 
278 
l'39 
2-03 
2  93 

_.*?*_ 
+  204 

144 
295 

3£ 
360 

3*32 
298 

10  38  22  a 

49  48  44  N. 

59  53  26  a 

64  51  "3  N- 
19  42  11  N. 

60  25  10  a 

«5  37  35  8. 
74  33  5"  N- 

9  0  51  a 

27    3    4N. 
6  44  24  N. 
19  31  55  S. 
26  12  36  a 
68  50  39  a 
52  22  31  N. 
12  37  58  N. 
51  3°    2  N. 
38  41  26  N. 

8  36  14  N. 
57    3  20  S._ 

44  55  22  N. 

62    9  42  N. 

9  24  59  N. 

47  26  43  a 

47  24  28  a 

30  9  8  a 
14  40  2N. 

+  189 
-1*1 

4- 17*6 

—  17*3 

-18-8 

+  I50 
+  151 
-I47 
+  «3  5 

-«3 

a  Draconis               Tkuban 
a  Bodtis                  Arcturus 

a2  Centauri • 

a  Librae       Zubem  el  Gemubi 
0  Ursa  Minoris        Kockab 
0  Librae     Zubem  el  Chamali 
a  Coronas  Borealis  Alpkacea 

a  Serpentis           Unmkalkai 
0'  Scorpii 

-115 
4-101 

♦  *3 

+  7J 

-  »S 

-  a* 

-  o-5 
+  3* 
+  9  3 

-11*2 

.  a  Soorpii                   Am  tares 

a  Trianguli  Australia    

0  Draconis               Ahoaid 

«  Ophiuchi      Bat  Alkague 
y  Draconis            Batiaban 
a  Lyrae                          Vega 
a  Aquilar                     Attair 
a  Pavonis 

a  Cjgni                       Dtneb 
a  Cephei              Alderamtin 
f  Pegasi  .»...,.••. 

1,  a 

2,  3 
2.  3 

a 
2 
1 
2 

20  38     1 

21  16  11 

21  39  16 

22  1   56 
22  36  42 
22  52    7 
22  59  47 

4-127 

4-ica 
+  i6'4 
-173 
-187 
—  19*0 

+  193 

a  Gruts  • 

0  Gruis • 

a  Piscis  AuaU    Fomalhavt 
s  Pegasi                  Markab 

?4 

vo« 

TABLE  04 

- 

LOGARITHMS  OF  NUMBERS 

1 

No.  1  to  100                                           Log.  0-000000  to  2-000000 

No. 

hog. 

No. 

Log. 

No. 

Log. 

No. 

Log- 

No. 

Lo« 

1 

0  000000 

21 

1*322219 

41 

1-612784 

61 

1785330 

8! 

»oo*4*5 

t 

0-301030 

22 

«-34*4*3 

42 

1*623249 

82 

i* 792392 

82 

1913814   1 

3 

0477121 

23 

1-361728 

43 

1633468 

63 

» -79934> 

83 

1-919078   | 

4 

y 602060 

24 

1*380211 

44 

1643453 

64 

1  806180 

31 

1  924279 

6 

0  698970 

25 

1-397940 

45 

1-653213 

66 

1-812913 

85 

1-929419 

6 

0-778151 

28 

1414973 

46 

1*662758 

66 

>**>9544 

86 

1*93449* 

7 

0-845098 

27 

■  43 "364 

47 

1*672098 

67 

1*826075 

87 

1-939519 

a 

0*903090 

28 

1-447158 

48 

1-681241 

68 

1832509 

88 

"'9444*3 

9 

0-954243 

29 

1462398 

49 

1*690196 

69 

1838849 

89 

1-949390 

10 

1*000000 

30 

1*477121 

50 

1*698970 

70 

1  845098 

90 

1*954*43 

ii 

1041393 

31 

1491362 

51 

1-707570 

71 

1-851258 

91 

"•959041 

12 

1*079181 

32 

1*505150 

59 

1716003 

72 

i**5733* 
1863323 

92 

1-963788 

13 

1*112943 
1*146128 

33 

1-518514 

53 

1*724276 

73 

93 

1-968483 

14 

34 

i*53M79 

54 

1-732394 

74 

1*869232 

94 

1-973128 

15 

1*176091 

36 

1*544068 

65 

1-740363 

75 

1*875061 

95 

"'9777*4 

16 

1*204120 

38 

1556303 

58 

1*748188 

76 

1*880814 

96 

1-982271 

17 

1*230449 

37 

1*568202 

57 

1*755*75 

77 

1-886491 

97 

1-986772 

It 

i**55»73 

38 

1-5797*4 

58 

1*763428 

78 

1*892095 

98 

1*991226 

10 

1*278754 

39 

1-591065 

59 

1-770852 

79 

1-897627 

99 

1-995635 

90 

1*301030 

49 

1 '602060 

60 

1-778151 

99 

1*903090 

100 

2*OOOCOO 

No.  1000  to  1149 

Log.  0  to  060320 

No. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

i>. 

100 

000000 

000434 

000868 

001301 

001734 

002166 

002598 
006194 

003029 

003461 

003891 

43* 

101 

004521 
008600 

004751 

005181 

005609 

006038 

006466 

007321 

007748 

008174 

428 

102 

009026 

009451 

009876 

010300 

010724 

01 1 147 

011570 

011993 

01241? 

4*4 

103 

012837 

013259 

013680 

014100 

014521 

014940 

015360 

015779 

016197 

016616 

420 

104 

017033 

017451 

017868 

018284 

018700 

019116 

019532 

019947 

020361 

020775 

416 

106 

021189 

021603 

022016 

022428 

022841 

023252 

023664 

024075 

024486 

024896 

4« 

106 

025306 

025715 

026125 

026533 
030600 

026942 

027350 

027757 

028164 

028571 

028978 

408 

107 

029384 

029789 

030195 

031004 

031408 

031812 

032216 

032619 

033021 

404 

108 

0334*4 

033826 

034227 

034628 

035029 

035430 

035830 

036230 

036629 

037028 

400 

100 

037426 

037825 

038223 

038620 

039017 

039414 

039811 

040207 

040602 

040998 

397 

no 

<H«393 

041787 

042182 

042576 

042969 
046885 

043362 

043755 

044148 

044540 

04493* 

393 

III 

°453*3 

049606 

046105 

04*495 
050380 

047275 

047664 

048053 

048442 

048830 

3*9 

112 

049218 

<H9993 

050766 

051153 

051538 

051924 

052309 

05*694 

3*6 

113 

052078 
056905 

0534*3 

057286 

053846 

054230 

054611 
058426 

054996 

05537* 

055760 

056142 

056524 

3*3 

IU 

057666 

058046 

058805 

059185 

059563 

059942 

060320 

379 

No. 

0 

1 

3 

3 

4 

6 

6 

7 

6 

9 

D. 

1).      12345678* 

1).      1      2 

3      4      5      6      7      8      9 

378    38     76    113  151   189  227  265  302  340 

408    41     82    1 

22  163  204  245  286  326  367 

380     38     76    114  152   190  228  266  304  342 

410    41     82    1 

23  164  205  246  287  328  369 

382     38     76    115  153  191  229  267  306  344 

412    41     82    1 

24  165  206  247  288  330  371 

384     38     77    115  154  192  230  269  307  346 

414    41     83    1 

24  166  207  248  290  331  373 

386    39     77    116  154  193  232  270  309  347 

416    42     83     1 

25  166  208  250  291  333  374 

388    39     78    116  155  194  233  272  310  349 

418    42     84    1 

25  167  209  251  293  334  376 

%J0    39    7*    "7  »56  "95  *34  *73  3'*  35> 

420    42     84    1 

26  168  210  252  294  336  378 

392    39    78    n8  "57  196  *35  *74  3"4  353 
WJ4    39    79    118  158  197  236  276  315  355 

422    42     84    1 

27  169  211  253  295  338  380 

424     42     85     1 

27  170  212  254  297  339  382 

28  170  213  256  298  341  383 

396    40     79    119  158  198  238  277  317  356 

426    43     *5     1 

398    40     80    119  159  199  239  279  318  358 

428    43     *6    1 

28   171  214  257  300  342  385 

400    40     80    120  160  200  240  280  320  360 

430    43     *6    > 

29  172  215  258  301  344  387 

402    40     80    121    161  201  241  281   322  362 

432    43     86    1 

30  173  216  259  302  346  389 
30  174  217  260  304  347  391 

404     40     81     121    162  202  242  283  323  364 

434    43     *7     1 

406     41     81     122   162  203  244  284  325  365 
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LOGARITHMS  OP  NUMBERS 

No.  1150  to  1499                 Log.  000698  to  175802 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

• 

9 

II. 

115 
116 
U7 
118 
119 

060698 
064458 
068186 
071882 
075547 

061075 
064832 

068557 
072250 
07591a 

061452 
065206 

068927 
072617 
076276 

061829 
065580 
069298 
072985 

076640 

062206 

065953 
069668 

07335* 
077004 

06258ft 
066326 

070038 
073718 
077368 

062958 
066699 

070407 
074085 
07773' 

o63333 

067071 
070776 

07445 ' 
078094 

063709 

067443 
071145 
074816 
078457 

064083 
067815 

071514 
075182 
078819 

376 
373 
37o 
366 
36; 

120 
121 
122 
123 
124 
125 
126 
127 
126 
129 

079 18 1 
082785 
086360 
089905 
093422 
0969 10 
100371 
103804 
107210 
110590 

079543 
083144 
086716 
090258 
093772 
097257 
100715 
104 146 
107549 
110926 

079904 
083503 
087071 
090611 
094122 
097604 
10 1059 
104487 
107888 
1 1 1263 

080266 
083861 
087426 
090963 
09447 « 

09795' 
10 1403 
104828 
108227 
"'599 

080626 
084219 
087781 
091315 
094820 
098298 
101747 
105 169 
108565 
111934 

080987 
084576 
088136 
091667 
095169 
098644 
10209 1 
105 5 10 
108903 
112270 

081347 
084934 
088490 
092018 
095518 
098990 

'0*434 
105851 

109241 

1 12605 

08 1 707 
085291 
088845 
092370 
095866 

099335 
102777 
106 19 1 
109579 
1 12940 

082067 
085647 
089198 
092721 
096215 

09968 1 
103 1 19 
10653 1 
109916 
1 13275 

082426 
086004 
089552 
093071 
096562 
100026 
103462 
10687 1 
1 10253 
1 13609 

360 
357 
355 
35* 
349 
346 
343 
34 « 
338 
335 

130 
131 
132 
133 
134 
135 
136 
137 
138 
139 

"3943 
117271 
120574 
123852 
127105 

'30334 
'33539 
1367*1 
139879 

143015 

114277 
1 17603 
120903 
124178 
127429 
130655 
133858 
137037 
140194 
'433*7 

114611 

117934 
1*1231 
124504 
'*7753 
130977 
'34'77 
'37354 
140508 

'43639 

"4944 
I 18265 
121560 
124830 
128076 
131298 
134496 
137671 
140822 

'4395" 

115278 
118595 
121888 
125156 
128399 
131619 
1348 14 
«37987 
141 136 
144263 

115611 
1 18926 
122216 
12548 1 
128722 

"31939 
135133 
138303 
141450 
'44S74 

"5943 
119256 
122544 
125806 
129045 
132260 

'3545' 
138618 
141763 
144885 

1 16276 
1 19586 
122871 
126131 
129368 
132580 
'35769 

'38934 
142076 
145196 

1 16608 
119915 
123198 
126456 
129690 

13*900 
136086 

'39*49 
142389 

'45507 

116940 
120245 
'*35*5 
12678 1 
130012 
133219 
136403 
139564 
142702 
1458 1 8 

333 
33o 
328 

3*5 
3*3 
321 
3.8 
316 
314 
3" 

140 
141 
142 
143 
144 
145 
146 
147 
148 
149 

146128 
149219 
152288 
'55336 
158362 

161368 

'^4353 
i673'7 

170262 
173186 

146438 
'495*7 
'5*594 
155640 
1586*4 
161667 
164650 
167613 
'70555 
'73478 

'46748 
«49835 
152900 

'55943 
158965 

16196? 

'64947 
167908 
170848 
'73769 

147058 
1 50 142 

156246 
159266 
162266 

'65*44 
168203 
171 141 

174060 

147367 

'50449 
153510 

«56549 
159567 

162564 
165541 
168497 
'71434 
'74*5' 

147676I 
'50756 
153815 
156852 
159868 
162863 
165838 
168792 
171726 
1 74641 

147985 
151063 
154120 

'57'54 
1 60168 

163161 
166 1 34 
169086 
172019 
'7493* 

148294 
151370 
'544*4 

160469 
163460 
166430 
169380 
172311 
175*** 

148603 
151676 
1547*8 

'57759 
160769 

163758 
166726 
169674 
172603 
1755'* 

148911 
151982 
155032 
158061 
161068 

'64055 
167022 
169968 
17*895 

175802 

309 
307 
305 
303 
301 

299 
*97 
*95 
293 
291 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

• 

9 

D. 

D.   123456789 
290  29  58  87  116  145  174  203  232  261 
292  29  58  88  117  146  175  204  234  263 
294  29  59  88  118  147  176  206  235  265 
296  30  59  89  118  148  178  207  237  266 
298  30  60  89  119  149  179  209  238  268 
300  30  60  9c  120  150  180  210  240  270 
302  30  60  91  121  151  181  211  242  272 
304  30  61  91  122  152  182  213  243  274 
306  31  61  92  t22  153  184  214  245  275 
308  31  62  92  123  154  18c  216  246  277 
310  31  62  93  124  155  186  217  248  279 
312  31  62  94  125  156  187  218  250  281 
314  31  63  94  126  157  188  220  251  283 
316  32  63  95  126  158  190  221  253  284 
318  32  64  95  127  159  191  223  254  286 
320  32  64  96  128  160  192  224  256  288 
322  32  64  97  129  161  193  225  258  290 
324  32  65  97  130  162  194  227  259  292 
326  33  65  98  130  163  196  228  261  293 
328  33  66  98  131  164  197  230  262  295 
830  33  66  99  132  165  198  231  264  297 
332  33  66  100  133  166  199  232  266  299 

D.   12   3   456789 

834  33  67  100  134  167  200  234  267  301 
336  34  67  101  134  168  202  235  269  302 
338  34  68  10 1  135  169  203  237  270  304 
34(  J4  68  102  136  170  204  238  272  306 
342  34  68  103  137  171  205  239  274  308 
344  34  69  103  138  172  206  241  275  310 
346  35  69  104  138  173  208  242  277  311 
.848  35  70  104  139  174  209  244  278  313 
350  35  70  105  140  175  210  24c  280  315 
352  35  70  106  141  176  211  246  282  317 
354  35  71  106  142  177  212  248  283  319 
356  36  71  107  142  178  214  249  285  320 
358  36  72  107  143  179  215  251  286  322 
360  36  72  iot  144  180  216  252  288  32A 
362  36  72  109  145  it  1  217  253  290  326 
364-  36  73  109  146  182  2?8  255  291  328 
366  37  73  no  146  183  220  256  293  329 
868  37  74  110  147  184  221  258  294  331 
870  37  74  »"  '48  18J  222  259  296  333 
372  37  74  112  149  186  223  *6o  298  335 
874  37  75  '12  150  187  224  262  299  337 
376  38  75  113  150  188  226  163  301  338 
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TABLE  ttt 


LOGARITHMS  OP  NUMBERS 


No.  1500  to  1899 


Log.  176091  to  27*525 


No. 


150 
151 
152 
153 
15t 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 


170091 

17*977 
18 1844 
1*4*9/ 
187511 
190332 
193115 
195900 
198657 
101307 


176381 
179264 
182119 

'*4975 
187803 

190612 

»9H<>3 
196176 
198931 
201670 


176670 
»7955* 
1824*5 
185159 
188084 
190891 
193681 

"9*453 
199106 

IQ'943 


176959 

"79*39 
181700 
185542 
188366 
191171 

"93959 
196719 
199481 
101116 


177248 
1 80126 
181985 
185S15 
188647 
191451 

'94*37 
197005 

'99755 
101488 


'7753* 
180413 

183170 
186108 
18S928 
191730 

'945 '4 
197181 
100029 
102761 


"77**5 
180699 

'!2555 
186391 

189209 

192010 

194792 

'9755* 
200303 

»03033 


178113 
180986 
183839 
1*6674 

189490 

192289 
195069 

197832 
200577 
*0330S 


204120 
206826 
209515 
111188 
i'4*44 

1174*4 
120108 
111716 
115309 

117887 


204391 
207096 
209783 

i'*454 
215109 

117747 
220370 
222976 
225568 
228144 


204663 
207365 
210051 
212720 
*"5373 
218010 
220631 
223136 
225826 
128400 


230960 

*33504 
136033 

*3*54* 
241048 

*43534 
246006 


*©4934 
207634 
210319 
2129X6 
215638 
118273 
220892 

22349* 
226084 
228657 


205204 
207904 
2105*6 
213252 
215902 
21S536 
221153 

"3755 
216341 
118913 


105475 
208173 
210853 
213518 
216166 
218798 
111414 
124015 
226600 
229170 


205746 
208441 

211121 
213783 
216430 
2I9060 
221675 

114174 
226858 
229426 


2o6oi6 
IO87IO 
211388 
214049 
216694 
2I9J13 
2H936 

"4533 
217II5 
129682 


170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 

No 


130449 
231996 
135518 
138046 

M0549 
H303* 
1455'3 
M7973 

2S0420 

151*53 


230704 
233250 
1357*' 
13**97 
240799 

1431*6 
145759 

148219 

150664 

*i2£j6 


250908 
15333* 


131115 

133757 
136185 

*3*799 
241297 

243782 
246251 

248709 
251151 

i535>o 


131470 

2340F1 

236537 

139049 
141546 

244030 

*4*499 
*4*954 
*5»395 

**?** 

256237 


231724 
234264 
13*7*9 
139199 
14"795 
244277 

*4*745 
249198 
251638 
1540*4 


i3'979 
*345»7 

237041 

139550 
*4*044 


*445*5 
H*99> 
H9443 
251881 
254306 


232234 
234770 
237292 
239800 
242293 

14477* 
*47*37 
149**7 
252125 

iJ4Ji* 


i5?95* 
159355 
261739 
264109 
266467 
268812 
17  "44 
i7H*4 
275772 
278067 


232488 
135013 

137544 
240050 

M*54» 

*450"9 

H74«* 
*4993* 
252368 

*  54790 


155*73 
iJ7*79 
260071 
262451 
264818 
267172 
269513 
271842 

174" 5* 
176462 


i555'4 
257918 
260310 
262688 
1*5054 
267406 
269746 
171074 

276692 


155755 
258158 
260548 
262925 
265290 
267641 
269980 
272306 
274620 
276921 


15599* 
258308 

260787 
263162 
265525 
267875 
270213 
272538 
174*50 
177'S' 


1025 

i*3399 
265761 

268110 

270446 
272770 
275081 
i773*o 


15*477 
15**77 
261263 
26563$ 
265996 
268344 
270679 
273001 
1753" 
277*09 


25*7"* 
259116 
261501 

i*3*73 
266232 

268578 
270912 
173133 
175541 

177*3* 


257198 

159594 
261976 
264346 
266702 
269046 
17'377 

173*9* 

276002 
178296 


L).  1 

228  23 

230  23 

232  23 

234  23 

236  24 

238  24 

240  24 

242  24 

244  24 

246  25 

248  25 

250  25 

252  25 

254  25 

1256  26 

|25S  16 


1 


7 


157439 
159*33 
262214 
26458* 
i**937 
269279 
271609 
273927 
276232 
i7»5iS 
9      j  D. 


9  3 

46  ** 

4*  69 

46  70 

47  70 

47  7" 

48  71 

4*  71 

4*  73 

49  73 

49  74 

50  74 
50  75 

50  76 

51  76 
5"  77 
51  77 


4   6 
91  114 
91  "5 

93  ""* 

94  '"7 

94  «'* 

95  "»9 

96  120 

97  '*» 

98  122 

98  123 

99  '14 

100  125 

101  126 

102  127 

102  128 

103  129 


«  7 

137  160 

138  161 

139  161 

140  164 
142  165 
"43  "*7 
"44  *** 

'45  "*9 

146  171 
148  172 

"49  '74 

150  175 

151  176 

152  178 
'54  '79 
'55  '*' 


•   t 

182  205 
1 84  207 

186  209 

187  211 

189  212 

190  214 
192  216 

194  218 

195  220 
197  221 
19*  223 
200  115 
202  227 
103  229 
205  230 
2c6  232 


260  26 

262  26 

264  26 

266  27 

268  27 

270  27 

272  27 

274  27 

276  28 

278  28 

280  28 

282  28 

284  28 

286  29 

288  29 

290  29 


S 
5* 
5* 
53 
53 
54 
54 
54 
55 

5* 
5* 
57 
57 
5* 
5* 


3   4 

78  104 

79  '05 

79  106 

80  106 

80  107 

81  108 

82  109 
82  110 
*3 


*3 
*4 
«5 

80 
86  11 

*7 


110 
111 
112 
"3 
"4 
"4 


116 


5   6 

130  156 

»3"  '57 

132  ij8 

133  160 

134  161 
13c  162 
136  163 

'37  "*4 

138  166 

139  167 

140  168 

141  169 

142  170 

143  '7* 
'44  »73 
"45  "74 


7  •   • 

182  208  234 

183  210  236 

185  211  238 

186  213  239 

188  214  241 

189  216  243 

190  218  245 

192  219  247 

193  221  248 

195  222  250 

196  224  252 

197  226  254 

"99  "7  *5* 
200  229  257 

202  230  259 

203  232  261 


TABLE  64 

70» 

LOGARITHMS  OP  NUMBERS 

No,  1900  to  2349                 Log.  278754  to  370883 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9    Id. 

190 
191 
192 
193 
194 
195 
196 
197 
196 
199 

*78754 
281033 
283301 
*85557 
287802 

290035 
292256 
294466 
296665 
298853 

27898* 
281261 

1835*7 
28578* 
288026 
290*57 
29*478 
*94687 
296884 
299071 

*79*n 
281488 

*8j753 
286007 
288149 

290480 
29*699 
194907 
*97i04 
299289 

*79439 
281715 

**3979 
28623* 

*88473 
29070* 
292920 
295117 
2973*3 
*99W 

179667 

*8io4* 
184205 
186456 
288696 
1909*5 
193141 
*95347 
*9754* 
199715 

179895 
18*169 
184431 
186681 
188910 

191 147 

193363 
195567 
297761 
290943 

280123 
282396 
284656 
286905 
289143 
291369 
293584 

*95787 
297979 
30016 1 

1803  5 1 
282622 
284882 
28713c 
289366 
291591 
293804 
296C07 
298198 
100378 

180578 
181849 
185107 

*87354 
189589 

191813 
194025 
296226 
298416 
300595 

280806 
283075 
185332 
28757? 
289812 

292034 
294246 
296446 
298635 
300813 

228 

**7 
226 

"5 
223 

222 
221 
22C 
219 
218 

217. 
216 

2IC 

*"3 

212 
211 
2IO 
IO9 
IO8 
IO7 
106 
IO5 
204 

*03 

*02 
202 
20I 
200 
I99 
I98 

200 
201 
202 
203 
204 
206 
206 
207 
208 
209 

301030 
303196 

3<>535' 
307496 
309630 

3»«754 

313867 
315970 
31*063 
320146 

301247 
303412 
305566 
307710 
309843 
3 1 1966 
314078 
316180 
318272 
3*o354 

301464 
303628 
305781 

3079*4 
310056 

312177 
314289 
316390 

31848" 
31c 562 

301681 
303844 
305996 
308137 
3 10268 

312389 

3  "4499 
316599 
318689 
320769 

301898 
304059 
3061 1 1 
308351 
3 1048 1 
3116CO 
314710 
316809 
318898 
310977 

302114 

304*75 
306425 
308564 
310693 
312812 
314920 
317018 
319106 
321 184 

302331 

30449" 
306639 
308778 
310906 
313023 
315130 
317227 

3»93"4 
321391 

3o*547 
304706 
306854 
308991 
311118 

3*3*34 

3 "534© 
3 '7436 
31951* 
3*1598 

302764 
304921 
307068 
309204 
311330 

3 "3445 
3"555" 
317646 

319730 
321805 

302980 
305136 
307282 
309417 

3" "54* 
313656 
315760 
3«7854 
3«9938 
322012 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 

322219 
3*4*82 
3*6336 
328380 
33<>4i4 
33*438 
334454 
356460 

338456 
340444 

322426 
3*4488 
326541 
3*8583 
330617 
33*640 

334655 
336660 
338656 
34064* 

3**633 
3*4694 
3*6745 
3*8787 
330819 

332842 
33*856 
336860 

338855 
340841 

322839 
324899 
326950 
328991 
331022 

333044 
335057 
337060 

339054 
34»039 

3*3046 
325105 

3*7"55 
3*9 "94 
33"**5 
333*46 
335*57 
337*60 

339*53 
34"*37 

323252 
325310 
1*7359 
3*9398 
33 "4*7 
333447 
335458 
337459 
33945" 
34«435 

3*3458 
315516 

3»7563 
319601 
331630 

333649 
335658 
337659 
339650 
341611 

3*3665 
3*57*1 
327767 

3*9805 
331832 

333850 
335859 
337858 

339849 
341830 

323871 
325926 

3*797* 
330008 

33*034 
33405" 
I36059 
338058 

340047 
342028 

324077 
326131 
318176 
330*11 
33**36 

336*60 

338*57 
340*46 

34***5 

220 
221 
222 
223 

'124 
225 
226 
227 
228 
229 

34*4*3 
34439* 
346353 
348305 
350*48 
35*183 
354108 
356026 
357935 
359835 

342620 
344589 
346549 
348500 

35044* 

35*375 
3 5430 " 
356217 
358125 
360025 

34*8 17 
344785 

346744 
348694 
350636 

35*568 
354493 
356408 
358316 
360215 

343o>4 
34498" 
346939 
348889 
350829 
352761 
354685 

356599 
358506 
360404 

343*  »* 
345  "78 
347»35 
349o83 
3510*3 

35*954 
354876 
356790 
358696 
360593 

343409 
345374 
347330 
349*78 
351*16 

353"47 
35Jo68 

35698" 
358886 

360783 

343606 
345570 
3475*5 
34947* 
3 5 1410 

353339 
355*6o 
35717* 
359076 
36097* 

343802 
345766 
347720 
349666 
351603 

35353* 
35545* 

357363 
359266 
361161 

343999 
34596* 
3479 "5 
349860 

35"796 
3537*4 
355643 
357554 
359456 
361350 

344196 

346"57 
348110 
350054 
351989 

3539"6 
355834 
357744 
359646 

36" 539 

"97 
196 

"95 
"94 
"93 

'93 
192 
191 
190 
189 

230 
231 
232 
211 

ZU 

No. 

361728 
363612 
36*488 

367356 
369216 

361917 
363800 
365675 

36754* 
369401 

362105 
363988 
365862 

3677*9 
369587 

362294 
364176 
366049 

3679"5 
36977a 

361481 
364361 
366136 
368101 
369958 

36*671 
36455" 
3664*3 
368287 

370143 

36*859 
364739 
366610 

368473 
370318 

363048 
364916 
366796 
368659 
3705 "3 

363*36 
365113 

366983 
368845 
370698 

3634*4 
365301 
367169 
369030 
370883 

188 
188 
187 
186 
185 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D.   123456789 

184  18  37  55  74   92  110  129  147  166 
186  19  37  56  74   93  112  130  149  167 
188  19  38  56  75   94  113  132  150  169 
190  19  38  57  7*   95  "4  '33  '5*  "7" 
192  19  38  58  77   96  "5  "34  "54  "73 
194  19  39  58  78   97  "»6  »36  '55  "75 
196  20  39  59  78   98  118  137  157  170 
198  20  40  59  79   99  119  139  158  178 
200  20  40  60  80  100  120  140  160  180 
202  20  40  61  81  101  121  141  162  182 
204  20  41  61  82  102  122  143  163  184 
206  21  41  62  82  103  124  144  165  185 

D.   123456789 
208  21  42  62  83  104  125  146  166  187 
210  21  42  63  84  105  126  147  168  189 
212  21  41  64  85  106  117  148  170  191 
214  11  43  64  86  107  118  150  171  193 
216  11  43  65  86  108  130  151  173  194 
218  12  44  65  87  109  131  153  174  196 
220  22  44  66  88  no  132  154  176  198 
222  22  44  67  89  111  133  155  178  200 
224  21  45  67  90  111  134  157  179  101 
226  23  45  68  90  113  136  1  c8  181  203 
228  23  46  68  91  J24  13;  t6c  182  105 

712 


TABLE  64 


LOGARITHMS  OF  NUMBERS 

No.  8360  to  3899                                           Log.  525045  to  590953 

No. 

9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

335 
336 
337 
338 
339 
340 
341 
342 
313 
344 
345 
346 
347 
348 
34t 

5*5<H5 
5**339 
527630 
528917 
530200 

5*5174 
526469 

5*7759 
5*9045 
530328 

5*5304 
5**59* 
527888 

5*9174 
$3045* 

5*5434 
5**7*7 
528016 
529302 
5305*4 

5*55*3 
526856 

528145 
5*943o 
53071* 

5*5*93 
5**9*5 

5***74 
5*9559 
530840 

525822 

5271 14 
528402 
529687 
530968 

5*595i 
$*7*43 
5*353" 

5*9*15 
531096 

526081 

5*737* 
528660 

5*9943 
53i**3 

526x10 
52750  » 
$**7*« 
53007a 

$3i3$* 

129 
129 

**9 
tal 
lit 

53 "479 
53*754 
534026 

535*94 
53*55* 
537*i? 

53907* 
5403»9 
54' 579 

54**y 

531607 
53*882 

534153 

.§&* 

$37945 
$39202 

$40455 
541704 
$4*950 

531734 
533009 
534**o 
535547 
53**ii 
53*o7i 
5393*7 
5405*0 
541**9 
543074 

531861 
533>3* 
534407 
535*74 
53*937 
53*»97 
53945* 
540705 
541953 
543199 

531990 
533**4 

534534 
535800 
537063 

53*3** 
53957* 
540830 

54*07* 
5433*3 

53*»7 
533391 
534**i 
5359*7 
537i*9 
53*44* 
539703 
$40955 
54**o3 
543447 

53**45 
53351* 
5347*7 
53*053 
537315 
53*574 
539**9 
541080 

54*3*7 
543571 

53*37* 
$33*45 
3349H 
536180 

$37441 

33**99 
339954 
541205 

$43*9* 

532500 
53377* 
53J04' 
53*3o6 

537$*7 

53***5 
$40079 
$4i33o 
$4* $7* 
543820 

53***7 
533*99 
535i*7 
53*43* 
537*93 

53*95* 
540204 

541454 
542701 

543944 

12* 

"7 
1*7 
1*6 
126 
1x6 
**$ 
**5 
**5 
»*4 

350 
351 
352 
353 
354 
355 
356 
357 
358 
359 

5440*8 
545307 

54*543 
547775 
549003 
550228 

552668 
553**3 
555094 

54419* 

547*9* 
549126 

55035« 
55157* 
55*790 
554004 
555*15 

54431* 
545555 
54*7*9 
54*02i 

$49*49 
550473 
551*94 
552911 
554126 
$5533* 

544440 
545*7* 
54*9i3 
54*144 
549371 

550595 
551*16 
553033 
554*47 
555457 

5445*4 
545*o* 
5470}* 
54***7 
$49494 
550717 
55193* 
55313$ 
$543** 
$5557* 

544**8 
5459*5 
547159 

549616 

550840 
552060 
553*7* 
$$44*9 
HJ*2i 

544*1* 
546049 

547*** 
54*51* 

549739 
550962 
55*i*i 
55339* 
554*io 
555820 

54493* 
54*17* 
547405 
54**35 
549**' 
551084 
55*1*3 
3$3$i9 
55473' 
5$$940 

545060 
546296 
5475*9 
54*75* 
5499*4 
55i*o6 
5$*4*$ 
$53*40 

$$4*5* 
55606] 

545«»3 
54*4«9 
547*5* 
54**«i 
550104 

55>3*3 
55*547 
5537** 
554973 
55*i«* 

«*4 
**4 
»*3 
"*3 
1*3 
122 
122 
1x1 
1*1 
121 

360 
361 
362 
363 
3454 
365 
346 
367 
368 
369 

55*303 
557507 
55*709 
559907 
561101 

562293 

5*34*" 
564666 

567026 

55*4*3 

557**7 

& 

561221 

562AI2 
56360O 

5*47*4 
565966 

5*7144 

55*544 

55774* 

560146 
5*i34o 

5**53i 
5*37i* 
5*4903 
566084 
567262 

556664 
557*** 

560265 
5*H39 
562650 

5*3*37 
565021 
566202 
J*7J7o 

55*7*5 
5579** 
5591** 
560385 
561578 
562769 
5*3955 
5*|i39 
566320 

5*7497 

iSTol 

559308 
5*0504 
561698 

5****7 
5*4074 
5*5*57 

567614 

557026 
558228 

5594** 
560624 

3*i*i7 
563006 
564192 
5*537* 
5**555 
5*773* 

$$7H* 
$$*349 
55954* 
5*o743 
5*193* 
5631*5 
5*43» 
5*5494 
5***73 
5*7*49 

$$7**7 
$5*4*9 
559**7 
560863 
562055 

5*3*44 

3*44*9 
565612 
566791 

5*79*7 

5573*7 
55*5*9 
5597*7 
5*0982 

5**>74 
5*31** 
5*454* 

#£ 

568084 

120 
120 

I2C 
119 
119 
119 

119 
118 
118 

11S 

370 
371 
372 
373 
374 
375 
376 
377 
378 
379 

568202 
5*9374 
570543 
571709 

57**7* 
57403» 
575»*« 
57*34» 
57749* 
57**30 

568319 

5*9491 

570660 

571**5 
57*9** 

574H7 
575303 
57*457 
577607 

578754 

568436 
569608 
570776 
57194* 
573104 
574**3 
575419 
57*57* 
5777** 
578868 

5**554 
5*97*5 
570893 

57*o5* 
573**o 

574379 
575534 
57***7 

577*3* 
57*9*3 

568671 

5*9*4* 
571010 

57*174 
57333* 

574494 
575*50 
576802 

577951 
579097 

568788 
569959 
57 1 126 
57**91 
57345* 
574610 
5757*5 
57*917 
578066 
570212 

568905 
570076 
571*43 
57*407 
5735** 
5747** 
575**o 
577032 
578181 
5793** 

5*90*3 
570193 

57>359 
57*5*3 
573**4 
574*4' 
57599* 
577H7 
57**95 
579441 

569140 
570309 
57H7* 
57**39 

573*oo 

574957 
57*iii 
577*** 
57*4io 
579555 

5*9*57 
570426 

57159* 
57*755 
5739>5 

57507* 
5762*6 

577377 
57*5*5 
579**9 

"7 
"7 
117 
116 
116 
116 
lie 

"5 
>«5 
"4 

380 
381 

382 
383 
384 
385 
386 
387 
388 
3891 

5797*4 
5*09*5 
582063 

5*3199 
5*4331 
585461 
586587 

5*77" 
588832 
580950 

579*9* 
5*1039 
582177 
583312 
5*4444 

5*5574 
586700 
587823 

5**944 
590061 

580012 

5*H53 
582291 
583426 
5*4557 
585686 
586812 

5*7935 
580056 

590173 

580126 
581267 
582404 

5*3539 
584670 

5*5799 
586925 

588047 
589167 
590284 

580241 
581381 
582518 
5*3*5* 
584783 
585912 

587057 
588160 

589179 
590396 

5*o355 
5*H95 
582631 

5*37*5 
584896 

586024 

5*7'49 
588272 
589391 
590507 

580469 
581608 
5**745 
5*3*79 
5*5009 

586137 
587262 
588384 

5*9503 
590619 

580583 
581722 
582858 
583992 
585122 
586250 

5*7374 
588496 
589615 
590730 

580697 
581836 
582972 
584105 
5*5*35 
586362 

5*74** 
588608 
589726 
590842 

580811 

581950 

5*3085 
584218 

5*534* 
5**475 
5*7599 
588720 
589838 
590953 

"4 
««4 
»»4 
"3 
"3 

"3 
112 
112 

112 
113 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D. 

112 
114 
116 
118 
120 

123456789 

11     22     34    45     56     67     78     90    101 

11  23     34    46     57     68     fco    91    103 

12  23     35    46     58     70     81     93    1C4 

11  24     35     47     59     ?i     83     «4    ic6 

12  24     36     4X     60     72     84     <6     ic8 

D.      123456789 

122     12    24     37    49    61     73     85     98  110 
124     12    25     37     50    62     74    87     99  112 
126     13     25     38     50-63     76     88    101   113 
128     13     26     38     51     64    77     90    ic2  i:5 
130     13     26     39     5*     65     78     01     ic4  117 

TABLE  64 

713 

LOGARITHMS  OF  NUMBERS 

No.  8900  to  4449                 Log.  591065  to  648262 

No. 

390 
391 
392 
393 
394 

396 
397 
99o 
399 

0 

1 

2 

3 

4 

ft 

6 

7 

8 

9 

D. 

591065 
592177 
593286 
594393 
59549* 
59*597 
5976f5 
59*79* 
599883 
600973 

591176 
592288 
593397 
594503 
595606 

596707 
597805 
598900 

601082 

591287 
59*399 
5935°8 
594*»4 
595717 
596817 
5979H 
599009 
600101 
601191 

591399 
592510 
593618 
5947*4 
5958*7 
596927 
598024 

599119 
600210 
601299 

591510 
592621 

5937*9 
594834 

595937 
597037 
598134 
599**8 
600319 
601408 

591621 
59*73* 
593840 
594945 
596047 
597H6 
598*43 
599337 
600428 
601517 

59173* 
59*843 
593950 
595055 
596157 
597*56 
598353 
599446 
600537 
601625 

591843 
59*954 
594061 

595165 
596267 

597366 
59846* 

601734 

591955 
593064 

594171 
595*76 
59*377 
597476 
59857* 
599*65 
600755 
601843 

591066 

593175 

594282 
595386 
596487 
597586 
598681 

599774 
600864 
601951 

111 
111 
111 
110 
110 
110 
110 
109 
109 
100 

400 
401 
402 
403 
404 
40ft 
406 
407 
406 
409 

602060 
604226 

tap, 

611723 

602169 
603253 
604334 

606489 

607562 
608633 
609701 
610767 
611829 

602277 
603361 
604442 

6005^6 

007669 
608740 
609808 
610873 
611936 

602386 
603469 
604550 
605628 
606704 
607777 
608847 
609914 
610979 
612042 

602494 
603577 
604658 
605736 
606811 
607884 
608954 
610021 
611086 
612148 

602603 
603686 
604766 

605844 
606919 

607991 
609061 
610128 
611192 
612254 

602711 
603794 
604874 
605951 
607026 

608098 
609167 
610234 
611298 
612360 

602819 

603902 

604982 

606059 

607133 

608205 

609*74 

610341 
611405 

612466 

602928 
604010 
605089 
606166 
607241 
608312 
609381 
610447 
611511 
612572 

603036 
604118 

000274 
607348 

608419 
609488 
610554 
611617 
612678 

108 
108 
108 
108 

107 
107 
107 
107 
106 
106 

410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
122 
423 
424 
42ft 
426 
127 
428 
429 

612784 
613842 
614897 
615950 
617000 
618048 
619093 
620136 
621176 
622214 

612890 

613947 
615003 
616055'1 
617105 
618153 
619198 
620240 
621280 
622318 

612996 
614053 
61  <  108 
610160 
617210 
618257 
619302 
620344 
621384 
622421 

613102 
614159 
615213 
616265 
617315 

618362 
619406 
620448 
621488 
622525 

613207 
614264 

615319 
616370 
617420 
618466 
619511 
620552 
621592 
622628 

613313 
614370 

616476 
617525 

Vll71 
619615 

620656 

621695 

**2z.?a 

613419 
614475 
6iJ5*9 
616581 
017629 
618676 
619719 
620160 
621799 
622835 

6135*5 
614581 
615634 
616686 
617734 
618780 
619824 
620864 

621903 
622939 

613630 
614686 
615740 
616790 
617839 
618884 
619928 
620968 
622007 
623042 

613736 
614792 

615845 
616895 

6*791? 
618989 
620032 
621072 
622110 
623146 

106 
106 

105 

105 
105 

105 

104 
104 
104 
104 

623249 
624282 
625312 
626340 
627366 
628389 
629410 
630428 
63 1444 
63*457 

6*3353 
624385 
625415 
626443 
627468 
628491 
629512 
630530 
63»545 
63*559 

623456 
624488 
625518 
626546 
627571 

628593 
6296 1 3 
630631 
631647 
632660 

6*3559 
6*4591 
625621 
626648 

627673 

628695 

6*9715 
630733 

632761 

623663 
624695 
625724 
626751 
6*7775 
628797 
629817 
630835 

631849 
632862 

623706 

624798 
625827 
626853 
627878 
628900 
629919 
630936 

631951 
632963 

623869 
624901 

6*59*9 
626956 
627980 
629002 
630021 
631038 
632052 
633064 

623973 

625C04 
626032 
627058 

628082 

629104 
630123 

631139 

632153 

633165 

624076 
625107 
626135 
627161 
628185 
629206 
630224 
631241 

63**55 
633266 

624179 
625210 
626238 
627263 
628287 
629308 
630326 
631342 
632356 
6333*7 

103 
103 
103 
103 
102 
102 
102 
102 
101 
101 

430 
431 
432 
433 
434 
43ft 
436 
437 
438 
439 

633468 
634477 
635484 
636488 

63749° 
638489 
639486 
640481 

641474 
642465 

633569 
634578 
635584 
636588 

63759° 

639586 
640581 

64*573 
642563 

633670 
634679 

637690 
638689 
639686 
640680 
641672 
642662 

633771 
634779 
635785 
636789 
637790 

638789 
639785 
640779 
641771 
642761 

633872 
634880 
635886 
636889 
637890 
638888 
639885 
640879 

641871 
642860 

633973 
634981 
6359*6 
636989 
637990 
638988 

639984 
640978 
641970 
642959 

634074 
635081 
636087 
637089 
638090 

639088 
640084 

641077 
642069 

643058 

634175 
635182 
636187 
637189 
638190 
639188 

640183 

641177 
642168 
643156 

634276 

635*83 
636287 
637290 
638290 
639287 
640283 
641276 
642267 

643*55 

634376 
635383 
636388 

637390 
638389 

639387 
640382 

64>375 
642366 

643354 

101 
101 
100 
100 

100 
100 
99 
99 
99 
J2. 
99 
98 
98 

98 
98 

440 
441 
442 
443 
444 

643453 
644439 
645422 
646404 
647383 

64355' 
644537 
6455*> 
646502 
647481 

643650 
644636 
645619 
646600 
647579 

643749 
644734 
645717 
646698 
647676 

643847 
644832 
645815 
646796 

647774 

643946 
644931 
645913 
646894 

647872 

£4  4  "4  4 

644143 
6451*7 

6461 IO 
647089 
648067 

644242 
645226 
646208 

647187 
648165 

644340 
6453*4 
646306 
647285 
648262 

645O29 
646OH 
646992 
647969 

No. 

0 

1 

2 

3 

4 

ft 

6 

7 

8 

9 

D. 

D.   1   J   3   4   5   6   7   8   9 
98  io  20  29  39  49  59  69  78  88 
100  10  20  30  40  50  60  70  80  90 
102  to  20  31  41  51  61  71  82  92 
104  10  21  31  42  52  62  73  83  s|4 

D.   123456789 
106  11  21  32  42  53  64  74  85  95 
108  n  22  32  43  54  65  76  86  97 
110  it  22  33  44  55  66  77  88   99 
112  11  22  34  45  56  67  78  90  101 

m 

TABLE  04 

i 

LOGARITHMS  OF  NUMBERS 

No.  4450  lo  4999                 Log.  648360  to  698883 

No. 

445 
140 
117 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
4%8 
459 

0    1    1 

2 

3 

4 

b 

6 

7 

8 

9 

O. 

648360 

649335 
650308 
651*78 
652246 

648458 
649432 
650405 
65*375 
65*343 

648555 
649530 
650501 
651471 
651440 

648653 
649617 

650599 
651569 
652536 

M750 
649714 
650696 
651666 
65*633 

648848 
649821 
650793 
651761 
651730 

648945 

651859 
652826 

649043 
650016 

650987 
651956 
652923 

649140 
650113 
651084 

65*053 
653019 

649*37 
650s 10 
6511*1 
652150 
653116 

r 
97 
n 
rr 
97 

653213 
654177 
655138 
656098 
657056 
65801 1 
658965 
659916 
660865 
661813 

653309 
654»73 

656194 
65715a 
658107 

uss 

653405 
654369 
655331 
656190 

657*47 
658202 

SO 

661055 
662002 

653502 
654465 
6554*7 
656386 

657343 
658298 
6j9*50 
660201 
661150 
662096 

653598 
654561 

6555*3 
656481 

657438 
658393 

000290 
661245 
662191 

653695 
654658 
6*5619 

656577 
657534 
658488 

6}944i 
660391 
661339 
661186 

65379' 
654754 
655715 
656673 
657629 

638584 
659536 
660486 
661434 
662380 

653888 
654850 
655810 
656769 
6577*5 
658679 
659631 
660581 
661529 
662475 

653984 
654946 

656864 

657820 

658774 
6597*6 
660676 
661623 
002569 

654080 
65504a 
656001 
656960 
657916 

658870 
659821 
660771 
661718 
662661 

96 
96 
96 

9$ 
9$ 
95 
95 

?5 

661907 

460 
461 
462 
463 
444 
465 
466 
467 
446 
449 
470 
471 
472 
47S 
474 
475 
176 
477 
476 
479 

662758 
663701 
664642 
665581 
666518 

6683II 
669317 
670246 
671173 

662852 

66379s 
664736 

665675 
666612 

667546 

666479 
669410 

670339 
671265 

002947 
663889 
664830 

665769 

666705 

667640 

668572 
669503 
670431 
671358 

663041 

6639*3 
664924 
665862 
666799 

667733 
668665 

669596 
6705*4 
671451 

663135 
664078 

66soi8 
665956 
666891 

667816 

668759 
669689 

670617 
671543 

663130 
664171 
665111 
666050 
666986 
667910 
668851 
669781 
6707 10 
671636 

663324 
664266 
665206 

666143 

667079 

668013 
668945 
669875 

670802 
671728 

663418 
664360 

665*99 

666237 
667173 
668106 
669038 
669967 
670895 
671821 

663512 
664454 
665393 
666331 
667266 
668199 
669131 
670060 
670988 
671913 

663607 
66454« 
665487 
6664*4 
667360 

668293 
669224 

670153 
671080 
672005 

94 
94 
94 
94 
94 

93 
93 
91 
93 
V 
9* 
9* 
9* 
9* 
9* 
9' 
9' 
9' 
9' 
V 

672098 
673021 

67394» 
674861 

675778 
676694 
677607 
678518 
679428 
680336 

672190 
673U3 
674034 
674953 
675870 

676785 
677698 
678609 
679519 
680426 

672283 

673205 

674126 

675045 
675962 

676876 

677789 

6787CO 
679610 
680517 

67*375 
673297 
674218 

675'37 
676053 

676968 

677881 
678791 
679700 
680607 

67*467 
673390 
674310 
675228 
676145 

677059 
67797* 
678882 
679791 
680698 

671560 
67348* 
674401 
675320 
676236 

67715' 
678063 

678973 
679882 
680789 

672652 
673574 
674494 
675412 
676328 

677*4* 
678154 
679064 

679973 
680879 

67*744 
673666 
674586 

675503 
676419 

677333 
MM5 

fZ9,i5 
680063 

680970 

672836 
673758 
674677 
675595 
676511 

6774*4 
678336 
679246 
680154 
681060 

672929 

673850 
674769 
675687 
676602 

677 5 '* 
6784*7 
679337 
680245 
681151 

480 
481 
482 
483 

484 
485 
486 
487 
188 
489 
490 
491 
192 
193 
494 
495 
496 
497 
498 
199 

681241 
682145 
683047 
683947 
684845 
685741 
686636 
687529 
688420 
6893c 9 

681332 
682235 
683137 
684037 
684935 
685831 
686726 
687618 
688509 
689398 

681422 
682326 
683227 

684127 

685025 
685921 

686815 
687707 
688598 
689486 

681513 
682416 
683317 
684217 
6851 14 

686010 
686904 
687796 
6S8687 

689575 

681603 
682506 
683407 
684307 
685204 
686 1 00 

686094 
687886 
688776 
689664 

681693 
682596 
683497 
684396 
685294 

686189 
687083 

687975 
688865 

689753 

681784 
682686 

683587 
684486 

685383 
686279 
687172 
688064 

681874 
682777 
683677 
684576 
685473 
686368 
6S7261 
688153 
689042 
689930 

681964 
682867 
683767 
684666 

685563 
686458 

68735' 
688242 
689131 
690019 

682055 
682957 
683857 
684756 
685652 

686547 
687440 

68833' 
689220 
690107 

90 
90 

90 
90 
90 

•9 
«9 
*9 
«9 

«9 
88 
88 
88 
8X 

88 

87 
87 
87 

87 

690196 
691081 
691965 

692847 

693727 

694605 
695482 
696356 
697229 
698 10 1 

690285 
691 170 
691053 
69x935 
693815 
694693 
695569 
696444 
6973*7 
698188 

690373 

691258 
692142 
6930*3 
693903 
694781 

695657 
696531 

697404 
698275 

690462 

69"347 
692130 
693111 
693991 
694868 

6«5744 
69661S 

69749" 
698361 

690550 

69'435 
692318 

693 '99 
694078 

694956 
695832 
696706 
697578 
698449 

690639 
69'5*4 
692406 
693287 
694166 

695044 
695919 
696793 
697665 
698535 

690728 
691612 
692494 
693375 
694*54 
695131 
696007 
696880 

69775* 
698622 

690816 
691700 
692583 
693463 
69434* 
695219 
696094 
696068 

697*39 
698709 

690905 
691789 
692671 

69355' 
694430 
695307 
696182 

697055 
697926 
698796 

690993 
691877 
692759 
691639 
694517 
695394 
696269 
697142 
698c 14 
698883 

No. 

0 

1 

t      1   3   1   4 

5 

6 

7 

8   1   9 

r>. 

D.   123456789 

88  9   1 8  26  35  44  53  61  70  79 

89  9   18  27  36  44  53  62  71  80 

90  9   18  27  36  45  54  63  71  81 

91  9   18  17  36  45  55  64  73  82 

92  9   18  28  3-  46  55  64  74  83 

D.   12345678 

93  9  19  28  37  46  56  65  74 

94  9  19  28  38  47  56  66  75 

95  9  19  28  38  47  57  66  76 

96  10  19  29  38  48  58  67  77 

97  10   19  29  39  48  58  68  ?8 

9 
84 

85 

86  1 

86  1 

11 

TABLE  64 


715 


LOGARITHMS  OF  NUMBERS 

No.  5000  lo  5549                 Log.  698970  to  744215 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

500 
501 
MS 
503 
504 
505 
506 
507 
508 
509 

698970 
699838 
700/04 
70  j  568 
702431 

703*9* 
704151 
705008 
705864 
706718 

699057 
699924 
700790 
701654 
702517 

703377 
704*36 
705094 

705949 
706803 

699144 

700011 
700877 

701741 
702603 

703463 
7043** 
70c 179 
706035 
706888 

69923-1 
700098 
700963 
701817 
701689 

703549 
704408 
705*65 
706110 

706974 

699317 
700184 
701050 
701913 
70*775 

703635 
704494 

705350 
706206 
707059 

699404 

700171 
701136 

701999 
701861 

703711 

704579 
705436 
706291 
707144 

699491 

700358 
701222 
701086 
7o*947 
703807 
704665 
705521 
706376 
707229 

699578 
700444 
701309 
702172 
703033 
703893 

704751 
705607 
706462 
707315 

699664 

700531 
701395 
701258 
703119 
703979 
704837 
705693 
706547 
707400 

699751 
700617 
701481 

701344 
703105 

704065 
704922 
705778 
706631 
707485 

87 
87 
86 
86 
86 
86 
86 
86 
85 
85 

510 
511 
512 
513 
514 
515 
516 
517 
518 
519 

707570 
708421 
709170 
710117 
710963 
711807 
712650 
7i349» 
7«433o 
715167 

707655 
708506 

709355 
710102 
711048 
71189* 
71*734 
713575 
7«44»4 
7i|*5« 

707740 
708591 
709440 
710187 
711131 

711976 
711818 
713659 
7»4497 
•"533? 

707816 
708676 

7095*4 
710371 
711117 
711060 
711901 

71374* 
714581 
715418 

7079" 
708761 
709609 
710456 
711301 

71*144 
711986 
713826 
714665 
71550* 

707996 
708846 

709694 

710540 

7"385 
712229 
713070 
713910 
714149 
715586 

708081 
708931 
709779 
710625 
7H470 
712313 
713154 
713994 
7H833 
715669 

708166 
709015 
709863 
710710 
7"554 
712397 
713*38 
714078 
714916 
715753 

708251 
709100 
709948 
710794 
711639 
712481 

7i33*3 
714162 
715000 
715836 

708336 
709185 
710033 
710879 
7ii7*3 
711566 

713407 
714246 
715084 
7i"59*o 

85 
85 
85 
85 
84 

a 

84 
84 
84 

520 
521 
622 
523 
524 
525 
526 
527 
528 
529 

716003 
716838 
717671 
718502 
71933" 
720159 
720986 
721811 
722634 
7*345* 

716087 
716911 

717754 
718585 

7»94'4 

720242 
721068 
711893 
7**716 
7*3538 

716170 
717004 

717837 
718668 

719497 
720325 
711151 

7*1975 
711798 
723620 

71.6154 
717088 
717910 
7«875i 
719580 

7*0407 
721233 
7**058 
721881 

713701 

716337 

717171 
718003 
718834 
719663 
710490 
711316 
711140 
7**963 
7*3784 

716421 

717*54 
718086 
718917 
719745 

7*0573 
711398 
711111 

7*3045 
713866 

716504 
717338 
718169 
719000 
719818 
720655 
7*1481 
7**305 
723117 
7*3948 

716588 
717411 

718*53 
719083 

7199" 

710738 
7*1563 
7**387 
713109 
714030 

716671 

717504 
718336 

7'9«65 
719994 
720821 
7216x6 
722469 

7*3*9i 
724m 

716754 
717587 
718419 
719148 
7*0077 
710903 
711718 
7**55* 
7*3374 
7*4 '94 

83 
83 
83 
83 
83 

83 
81 
81 
81 
81 
82 
81 
81 
81 
81 
81 
81 
81 
81 
81 

530 
531 
532 
533 
534 
535 
536 
537 
538 
539 

724276 

7*5095 
725912 
726727 
7*754' 

7*8354 
729165 

729974 
73°7*» 
73 '5»9 

7*4358 
715176 

7*5993 
716809 
727623 

7*8435 
7*9*46 

730055 
730863 
731669 

7*4440 
715*58 
716075 
726890 
727704 
728516 
729327 
730136 
730944 
73i75o 

7*45** 
7*5340 
726156 
726971 
7*7785 

7*8597 
7*94o8 
73o*i7 
73io*4 
731830 

714604 
715411 
726238 
717053 
717866 
718678 
719489 
730298 
731105 
731911 

7*4685 
7*5503 
716310 

7*7134 
7*7948 

7*8759 
719570 
730378 
731186 
731991 

7*4767 
7*5585 
7*6401 
717116 
718019 
728841 
729651 

730459 
731266 

73*07* 

7*4849 
715667 

7*6483 
717197 
718110 
718911 
719732 
730540 
731347 
732152 

7*493i 
7*5748 
716564 
717379 
718191 
719003 

7*9813 
730611 

73H*8 

73**33 

715013 
715830 
716646 
7*746o 
7*8173 

7*9084 
7*9893 
730701 
731508 
73*313 

540 
541 
542 
543 
544 
545 
546 
547 
548 
549 

73*394 
733^97 

733999 

734800 

735599 
736397 
737'93 

737987 

738781 
73957* 

73*474 
733*78 

734079 
73488o 
735679 

736476 
737271 
738067 
738860 
739651 

73*555 
733358 
734i6o 
734960 
735759 
736556 
73735* 
738146 
738939 
739731 

73*635 
733438 
734*4o 
735040 
735838 
736635 
737431 
738**5 
739018 
739810 

73*715 
733518 
734310 
735i*o 
735918 

736715 
7375" 
738305 
739097 
739889 

73*796 
733598 
734400 
735100 
735998 

736795 
737590 
738384 

739177 
739968 

73*876 
733679 
734480 

735*79 
736078 

736874 
737670 
738463 
739*56 
740047 

73*956 
733759 
734560 

735359 
736157 

736954 
737749 
738543 
739335 
740126 

733037 
733839 
734640 
735439 
736*37 

737034 
7378*9 
738611 

7394H 

740205 

733117 

733919 
7347*o 
735519 
736317 

737»i3 
737908 
738701 
739493 
740184 

80 
80 
80 
80 
80 
80 
79 
79 
79 
79 

550 
551 
552 
553 
554 

740363 
74"  5* 
74'939 

74*7*5 
7435™ 

740441 
741130 
74*018 
74*804 
743588 

7405*1 
741309 
742096 
742882 
743667 

740600 

741388 

74*175 
74296 1 

743745 

740678 
741467 
74**54 
743039 
743813 

740757 
741546 
742331 
743118 
743902 

740836 
74i6*4 
74*4" 

743  »96 
743980 

740915 
741703 
74*489 

743*75 
744058 

740994 

741781 
74*568 
743353 
744»36 

741073 
741860 

74*647 
74343' 
744* 1 5 

79 
79 
79 
78 

78 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D. 

78 
79 

80 
■U 

3*2 

123456789 

8   16  13  31  39  47  55  62  70 
8   16  24  32  39  47  55  63  71 
8   16  24  32  40  48  56  64  72 
8   16  14  32  40  49  57  65  73 
8   /6  2<j  33  41  49  57  66  74 

D.   123456789 

83  8   17  25  33  41  50  58  66  75 

84  8   17  15  34  41  50  59  67  76 

85  8   17  25  34  41  51  59  68  76 

86  9   17  26  34  43  52  60  69  7" 

87  9   17  26  35  4;  51  61  70  78 

716 

TABLE  64 

LOGARITHMS  OP  NUMBERS 

No.  5550  to  6099                                        Log.  744293  to  785259 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

655 
556 
557 
558 
559 

744*93 
745<>75 
745855 
74**34 
74741* 

744371 
745  >  53 
745933 

746712 

7474*9 

744449 
745*31 
74601 1 

74*790 
7475*7 

7445** 
745309 
74*o*9 
746868 

747645 

744606 

746167 
74*945 

7477** 

744**4 
7454*5 
74**45 

747023 
747800 

744762 
745543 
74*3*3 
747101 
747878 

744*40 
745621 
74*4oi 

747179 
747955 

744919 
745*99 
74*479 
747*5* 
748033 

744997 
745777 
74*55* 
7473  34 
748 1 10 

7* 
7* 
7* 
7* 
7* 

5*0 
561 
56* 
563 
564 
565 
566 
567 
568 
569 

74*188 
74*9*3 
74973* 
750508 

751*79 
752048 
752816 
7535*3 
75434* 
755"* 

74**6* 
749040 
749*14 
7505** 
75135* 
75*1*5 
75**93 
753660 

7544*5 
7S5i*9 

74*343 
749"* 
749*|i 
750663 

751433 
752202 
75*970 
75373* 
754501 
755**5 

74*4*1 

749195 
749968 

750740 
751510 
752279 
753047 
753*13 
75452* 
755341 

74*49* 
749*7* 
750045 
750*17 
7515*7 
75*35* 

751**3 
753**9 
754*54 
755417 

74*57* 
749350 
750123 

750894 
751664 

75*433 
753*oo 

7539** 
754730 
75H94 

74**53 
7494*7 
750200 

750971 
751741 
75*509 
753*77 
75404* 
754*07 
755570 

74*73' 
749504 
750*77 
75104* 
751*1* 

75*5** 
753353 
754119 
754**3 
755*4* 

74*808 
7495** 
750354 
75»i*5 
751*95 
752663 
753430 
754195 
7<49*o 
7557** 

74***5 
749*59 
75043' 
751201 

75197* 
75*740 
75350* 
754*7* 
75503* 
755799 

77 
77 
17 
77 
77 
77 
77 
77 
7* 
7* 

670 
571 
572 
573 
574 

675 
576 
577 
578 
579 

756636 
75739* 
75*»55 
7S*9i* 
759668 
760422 
761 176 
761928 
762679 

755951 
75*71* 
75747* 
75**3° 
75*9** 
759743 
7*049* 
761251 
762003 
7**754 

75*o*7 
75*7** 
75754* 
75*30* 
7590*3 

759*19 
7*0573 
761326 
762078 
762829 

75*103 
75***4 
757**4 
75*3** 
759139 
759*94 
7*o*49 
761402 
7*2153 
7*2904 

756180 
75*940 
757700 

75*45* 
759*H 
759970 
7*07*4 
7*1477 
762228 
76297* 

75**5* 

757016 

757775 
75*533 
759*9o 
7*0045 
7*o799 
7*155* 
762303 

7*3053 

75*33* 
75709* 
757*51 
75**09 
7593** 
760121 

7*0875 
761617 
7*2378 
7*31** 

75*4o8 
7571** 
7579*7 
75***5 
759441 
760196 

7*0950 
761702 

7**453 
763203 

75*4*4 

757*44 
75*oo3 
75*7*1 
759517 
760272 
761025 

7*177* 
762529 

7*3*7* 

75*5*o 
7573*o 
75*079 
75**3* 
75959* 

7*0347 
761101 

7*i*53 
762604 

7*3353 

7* 
7* 
7* 
7* 
7* 

75 
75 
75 
75 
75 

580 
581 
58t 
583 
584 
585 
586 
587 
588 
589 

763428 
764176 
764923 
765669 
766413 

767156 
7*7898 
768638 

7*9377 
770! f 5 

7*3503 
764*51 
7*499* 

7*5743 
7*6487 

767230 

7*797* 
768712 

7*9451 

770189 

7*357* 
7*43** 
765072 
765818 
766562 

7*7304 
7*8046 
768786 

7*95*5 
770263 

7*3*53 
7*44oo 

7*5H7 
765892 
766636 

7*7379 
768120 
768860 
7*959? 
77033* 

7*37*7 
7*4475 
765221 
765966 
766710 

7*7453 
768194 

7**934 
7*9*73 
770410 

7*3*02 

7*455o 

7*5*9* 
7*6041 

7****< 

7*75*7 
76*268 
769008 
769746 

7704*4 

7*3*77 
7*4**4 
7*5370 
766115 
766859 
767601 

7**34* 
769082 
769820 

770557 

7*395* 
7*4*99 
7*5445 
766190 

7**933 

7*7*75 
768416 
769156 

7*9*94 

770631 

7*4o*7 
7*4774 
7*55*o 
766264 

7*7007 

7*7749 
7**490 
769230 
769968 

770705 

764101 
7*4*4* 
7*5594 
766338 
767082 
767823 
7**5*4 
7*9303 
770042 

77077* 

75 
75 
75 
74 
74 
74 
74 
74 
74 
74 

IN 
501 
598 
593 
594 
595 
596 
597 
598 
599 

770*S* 
77« 5*7 

771322 

773055 
773786 

7745»7 
775*4* 
775974 
77*701 
7774*7 

770916 
771661 
77*395 
7731** 
773**o 

774590 
775319 

77*047 
77*774 
777499 

770999 
771734 
77*4** 
773*oi 
773933 
774**3 
77539* 
776120 

77**4* 

77757* 

771073 
771*0* 
77*54* 
773*74 
774006 

77473* 
7754*5 
77*193 
77*919 

777*44 

771146 
771881 
77**15 
77334* 
774079 
774*09 
77553* 
776265 
776992 
777717 

771**0 

Zilll 

7734*1 
77415* 
774882 
775610 
77*33* 
777o*4 
7777*9 

77«93 

772028 
772762 

773494 
774225 

774955 
775**3 
77*4" 
777137 
777**2 

7713*7 
77*102 

77**35 
7735*7 
774*9* 
7750** 
77575* 
77*4*3 
777*09 
777934 

77>440 
77*175 
77*908 
773640 
774371 
775ioo 
775**9 
77*55* 
777282 
778006 

77I5H 
77**4* 
77*9*' 
773713 
774444 

7?5'73 

77590* 
776629 

777354 
77*079 

74 
73 
73 
73 
73 

73 
73 
73 
73 
7* 
7* 
7* 
7* 
7* 
7* 
7* 
7* 
71 
71 
71 

tio 

601 
602 
603 
604 
605 
606 
607 
608 
$09 

77*15" 

77**74 
77959* 
7*0317 
7*io37 

7*1755 
7**473 
7*3 '*9 
7*3904 
7*4*17 

77***4 

77?21Z 
779**9 
7*0389 
781109 

781827 

7**544 
7*3**0 
7*3975 
7*4**9 

77**9* 
779019 

779741 
780461 
781181 

7*1*99 
782616 

7*333* 
784046 

7847*0 

77*3** 
779091 

779*13 
7*0533 
7*1253 

7*i97i 
782688 

7*3403 
7841 18 
784831 

77*441 
779i*3 
779**5 

780605 

7*13*4 

7*2042 
7**759 
7*3475 
7*4i*9 
784002 

77*513 
779236 

779957 
780677 
781396 
782114 
782831 
783546 
784261 
7*4974 

77*5*5 
77930* 
780029 
780749 
781468 
782186 
782902 
783618 
7*433* 
7*5045 

77**5* 
779380 
780101 
780821 
7*1540 
782258 
7*2974 
7S3689 

784403 
785116 

77*730 
77945* 
780173 
780893 
781612 

782329 
783046 
7837*1 

7*4475 
7*51*7 

77**02 

7795*4 
7*0145 

7*oo*5 
7*1684 

781401 

7*3"7 
783832 

7*4  5*6 
7*5*59 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

5 

9 

D. 

D.      123456789 

71  7      14    2i     %%     35    43     50     57    64 

72  7      14    22    29     36    43     50     58    65 

73  7      t5     21    29     36     44     51     58     66 

74  7      "5     *»     30     3?     44     S2     <9     67 

D.       123456789 

75  7      15    22     30     37    45     5*    *°    *7 

76  2      15     23     30     38    46     53     61     68 

77  8      15     *3     3«     3*     4*     54    **     *9 
7«       8      16     23     31     39    47     55    *•     7* 

TABLE  64 

717 

LOGARITHMS  OP  NUMBERS 

No.  6 100  to  6649                 Log.  785390  to  822756 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

610 
611 
612 
613 
614 
615 
616 
617 
618 
619 

SB? 

786751 
787460 
788168 
788875 
789581 
790185 
790988 
791691 

785401 
786m 
786811 

787531 
788139 

788946 
789651 

79035* 
791059 
791761 

78547* 
786183 
786893 
787602 
788310 
789016 
789721 
790416 

79"*9 
791831 

785543 
786254 
786964 

787673 
788381 

789087 
789792 
790496 
791199 
791901 

785615 
786315 
787035 
787744 
788451 

789157 
789863 

790567 
791169 

791971 

785686 
786396 
787106 
787815 
788511 
789228 
789933 
790637 
791340 
79*041 

785757 
786467 

787177 
787885 
788593 
789299 
790004 
790707 
79Hio 
79*111 

785828 
786538 
787*48 

78795* 
788663 

789369 
790074 

790778 
791480 
792181 

785899 
786609 

787319 
788017 

788734 
789440 
790144 
790848 
79»550 
791151 

7X5970 
786680 
787390 
788098 
788804 
789510 
790*15 
790918 
791620 
792322 

7« 
7« 
7« 

71 

7« 

7* 
70 
TO 
70 
7o 

620 
621 
622 
623 
624 
625 
626 
627 
628 
629 

791391 
793091 
793790 
7944** 
795i*5 
795««o 

79*574 
797*68 
797960 
798651 

791461 
793161 
793860 
794558 
795*54 
795949 

79**44 
797337 
798019 
798710 

791531 
793*31 
793930 
794627 
7953*4 
796019 

79*713 
797406 
798098 
798789 

792601 
793301 
794000 
794697 
795393 
796088 
79*781 

797475 
798167 
798858 

79167* 

793371 
794070 

7947*7 

7954*3 

79*158 
796851 

797545 
798136 
798917 

792741 
793441 
794>39 
794836 
79553* 
796217 
79*9*i 
797*H 
798305 
798096 

792812 
7935" 
794*09 
794906 
795*0* 
79**97 

797*83 
798374 
7990*5 

792882 
793581 
794*79 
794976 
795672 
796366 
797060 
79775* 
798443 
799134 

791951 
793*5 * 
794349 
795045 
795741 
796436 

797i*9 
7978*1 

7985*3 
799203 

793022 
7937*1 
794418 
795"5 
7958" 
796505 
797198 
797890 
79858* 
799272 

70 
70 
70 
70 
70 

69 

630 
631 
632 
633 
634 
635 
636 
637 
638 
639 

799341 
800019 
800717 
801404 
801089 
801774 
803457 

804811 
805501 

8$ 

800786 
801471 
801158 
801841 
803515 
804108 
804889 
805569 

799478 
800167 
800854 

ilIS4I 
801116 

801910 

s$ 

804957 
805637 

799547 
800*36 

801609 

801195 
801979 
803662 
804344 
805015 
805705 

799616 
800305 
800991 
801678 
801363 

803047 
803730 
804411 
805093 
8o5773 

799*85 
800373 
80 1061 

801747 
802431 

803116 

803798 
804480 
805161 

805841 

799754 
800442 
801129 
801815 
802500 

1103184 

803867 
804548 

%3 

7998*3 
800511 

801198 
801884 
802568 
803252 

gill 

S3 

79989* 
800580 
801*66 
801052 
802637 

803321 

804003 

7999*1 
800648 

8oi335 
802021 
802705 
803389 
804071 
804753 
fo|433 
806112 

69 

69 
68 
68 

68 
68 
68 

640 
641 
642 
643 
644 
645 
646 
617 
648 
649 

806180 
806858 

808111 
808886 

809560 
310233 
810904 

811575 
811145 

806148 
806916 

807603 

808179 
808953 

809627 
810300 
810971 
811641 
811311 

806316 
806994 

807670 

80834* 
809011 

809694 
810367 
811039 
811709 
811379 

806384 
807061 
807738 
808414 
809088 

809761 
810434 
8iuo6 

811776 
811445 

80*45, 
807119 
807806 
808481 
809156 

809819 
8 1050 1 
811173 

811843 
811511 

806519 

807197 

807873 

»o8549( 
809213 

809896 
810569 
811240 
811910 

812570 

80*587 
807264 

807941 
808616 
809290 

810636 
811307 
811977 
812646 

80*655 

807332 
808008 

808684 
809358 
810031 
810703 
811374 
811044 
811713 

806723 

807400 
808076 
808751 
809425 

810098 

810770 

811441 

812111 

812780 

806790 
8074*7 
808143 
808818 
809492 
810165 
810837 
811508 
812178 
81*847 

68 
68 
68 
67 

*7 
*7 
*7 
*7 
*7 
*7 

650 
651 
652 
653 
654 
655 
656 
657 
658 
659 

811913 
813581 
814148 
814^13 
815578 
816141 

8181J 
818885 

811980 
813648 
814314 
814980 
815644 

816308 
816970 
817631 
818191 
818951 

813047 
813714 
814381 
815046 
815711 
816374 
817036 
817698 
8,8358 
819017 

813114 
813781 
814447 
815113 

815777 
816440 
817101 

817764 
818414 
819083 

813181 
813848 
814514 

815179 
815843 

816506 
817169 
817830 
818490 
819149 

813247 
8,3914 
814581 
815*46 
815910 

816573 

8i7*35 
817896 
818556 
819215 

813314 
813981 
814647 
815312 
815976 
816639 
817301 
8179*2 
818622 
819281 

813381 
814048 
814714 
815378 
816041 

816705 

8173*7 
318018 
818688 
819346 

813448 

814114 

814780 
815445 

816109 

816771 

817433 
818094 

818754 

819412 

8*35H 
814181 
814847 
8155,1 
816,75 

816838 

!'24S 
818160 

818820 

819478 

*7 
*7 
*7 
66 
66 
66 
66 
66 
66 
66 

660 
661 
662 
663 
664 

819544 
810201 
810858 
811514 
811168 

819610 

810167 
810914 

8ii579 
811133 

819676 
810333 
810989 
811645 
811199 

819741 
810399 
811055 
811710 
811364 

819807 
810464 
811110 

811775 
811430 

819873 
820530 
821186 
821841 
8**495 

819939 
8*o595 
821251 
821906 
822560 

820004 
820661 

811317 
811971 
811616 

820070 
820727 
821381 
822037 
822691 

820136 
820792 
821448 
822103 
822756 

66 
66 
66 

*5 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D.   123456789 

65  6  13  19  16  31  39  45  5a  58 

66  7   13  10  16  33  40  46  53  59 

67  7   13  »o  17  33  40  47  54  60 
C8   7   14  20  17  34  41  48  54  6i 

D.   123456789 

68  7   14  20  27  34  41  48  54  61 

69  7   14  21  28  34  41  48  55  62 

70  7   14  21  28  35  42  49  56  63 

71  7   X  21  28  35  43  50  57  64 

718 

TABLE  C* 

LOGARITHMS  OF  NUMBERS 

No.  6650  to  7 199                 Log.  82282-2  to  857272 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

665 
060 
667 
668 
669 

822822 

8*3474 
824126 
824776 
825426 

82288; 

8*3539 
824191 
824841 
825491 

822952 
823605 
824256 
824906 
825556 

823018 
813670 
814321 
824971 
815611 

823083 
S23735 
824386 
825036 
825636 

823148 
823800 

8*445  ■ 
825 10 1 

8*575' 

823213 
823865 
824516 
825166 
825815 

823279 
823930 
824581 
825231 
825880 

8*3344 
823996 
824646 
825296 
8*5945 

823409 
824061 
824711 
825361 
826010 

65 

65 
65 
65 

670 
671 
672 
673 
674 

675 
o76 
677 
678 
679 

826075 
826723 
827369 
828015 
828660 
829304 
829947 
830589 
831230 
831870 

826140 
826787 

8*7434 
828080 

828714 
829368 
830011 
830653 
831294 
«3>934 

826204 
826852 

8*7499 
828144 
818789 
829431 

83<»75 
830717 
831358 
831998 

826169 
826917 
827563 
818209 
828853 
819497 
830139 
830781 
831411 
832062 

8*6334 
826981 
827628 
828273 
828918 

829561 
830204 

830845 
831486 
832126 

8*6399 
827046 
817692 
S28338 
828981 
829625 
830168 
830909 
831550 
83*189 

826464 
827111 

8*7757 
818402 
819046 
819690 
830332 

830973 
831614 

831253 

826528 
827175 
817811 
818467 
829111 

8*9754 
830396 
831037 
831678 
832317 

826593 
827240 
827886 
828531 
829175 
819818 
830460 
831102 

83174* 
832381 

826658 
827305 
827951 
818595 
829239 
829882 
830525 
83 1 166 
831806 
83*445 

is 
64 

*4 

*4 
*4 
*4 
64 
64 

680 
681 
682 
683 
684 
685 
686 
687 
688 
689 

832509 
*33'47 
833784 
8344*' 
835056 

83J69, 
836324 
•36957 
*375*« 
838219 

83*573 
833211 
833848 

834484 
835120 

835754 
836387 
837020 
837652 
838282 

832637 

833*75 
833911 

834548 
835"83 

835817 
836451 
837083 
8377«S 
838345 

832700 

833338 

833975 
83461 1 

835*47 
835881 
83«5«4 
837146 
837778 
838408 

832764 
833401 

834M9 
834675 
835310 

83*577 
837*10 

83784* 
838471 

831218 

833466 
834103 
8*4739 
83537S 

8,6007 
836641 

837*73 
837904 
838534 

832892 

5S» 

834802 
835437 
836071 
836704 

83733* 
837967 

838597 

832956 

833593 
834230 
834866 
835500 

836134 
836767 

837399 
838030 
838660 

833010 
833657 
834*94 
8349*9 
835564 
836197 
836830 
837461 
838093 
8387*3 

833083 
8337** 
834357 
834993 
835627 

836261 
836894 

8375*5 
838156 
838786 

64 
64 
64 
64 
63 
63 

% 

63 
63 

690 
691 
692 
693 
694 
69ft 
696 
697 
696 
6** 

838849 
*3947* 
840106 
840733 
84*359 

8419*5 
242609 

843*33 
843855 

844477 

838912 

83954" 
840169 
840796 
841422 
841047 
842671 

843918 
844539 

838975 
839604 
84013* 
840859 
841485 
841110 
84*734 
843357 
843980 
844601 

839038 
839667 
840194 
840911 
84*547 
841171 
841796 
843420 
844041 
844664 

8  39 101 

8397*9 
840357 
840984 
841610 

84**35 
84*859 
843482 
844104 

844726 

839164 

83979* 
840410 
841046 
841671 

842197 
842921 

8*3544 
844166 
844788 

839**7 
839855 
840482 

841  in9 
84>735 
842360 
842983 
843606 
844119 
844850 

839289 
839918 

840545 
841172 

84*797 
842412 
843046 
843669 
844291 
844912 

83935* 

84**34 
841860 

84*484 
843108 

84373* 
844353 

844974 

8394*5 
840043 
840671 

84**97 
841922 

84*547 
843170 

843793 
8444*5 
845036 

*3 

*3 
*3 
62 
62 
62 
62 
62 

7% 
701 
702 
70S 
704 
705 
706 
707 
708 
709 

J4509! 
345718 

M337 

146955 

147573 

848189 

848*5 
849419 
85003J 
850646 

845160 
845780 

M399 

847017 

847634 

848*5* 
848866 

849481 
850095 

850707 

845*** 
845841 
846461 
847079 
847696 

84831* 
848918 

849541 
850156 
850769 

845*84 
845904 

8465*3 
847141 

847758 

M374 
8489X9 

849604 
850217 
850830 

845346 
845966 

M585 
847202 

847819 

848435 
849051 
849665 
850279 
850891 

845408 
846028 
846646 
847164 
847881 

848497 
8491 12 
849726 
850340 
850952 

845470 
846090 
846708 
8473*6 
847943 
848559 
849«74 
849788 
850401 
851014 

84553* 
846151 
846770 
847388 
848004 

848620 
849-35 
849849 
850462 

851075 

845594 
846*13 
84623* 

847449 
848066 

848681 
849*97 
8499** 
850514 
851136 

845656 
M*75 
84*894 
«475*» 
8481*8 

84J743 
849358 
84997* 
850585 

85**97 

62 
62 
62 
62 
62 

62 
61 
61 
61 
61 

710 
711 
712 
713 
714 
715 
716 
717 
718 
719 

No. 

851158 
851870 

85*4*© 
853090 
853698 
854306 
*549>3 
8555'9 
856124 
856729 

851320 
851931 
851541 
853150 

853759 
854367 
854974 
855580 
856185 
856789 

851381 
851991 
851601 
853111 
853820 

8544*8 

855034 
855640 
856245 
856850 

851442 
852053 
852663 

853*7* 
853881 

854488 
855095 
855701 
856306 
856910 

851503 
852114 
85*7*4 
853333 
85394> 

854549 
855156 
855761 
856366 
856970 

851564 
852175 
852785 

853394 
854001 

854610 
855216 
855822 
856427 
857031 

851615 
851236 
852846 

!53ti5 
854063 

854670 

855*77 
855882 
856487 
857091 

851686 
852297 
852907 
853516 
854124 

85473* 
855337 
855943 
856548 
85715* 

85*747 
851358 
851968 
853577 
854*85 

85479* 
855398 
856003 
856608 

857211 

851809 

85*4*9 
853029 

853*37 
854*45 
854852 

856064 
S56668 

85717* 

61 
61 
61 
61 
61 
61 
61 
61 
60 
60 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D.   1   2   3   4   5 

60  6   i2  18  24  30  3 

61  6   12  18  24  30  3 

62  6   12  19  25  31  ; 

6   7 

|6  4* 
17  43 
17  43 

8   9 

48  54 

49  55 

50  50 

D   1 

63   6 
61   6 
65   6 

23456789 

13  19  25  31  38  44  5^>  5? 
13  19  26  j2  38  45  51  58 
13  19  26  32  39  45  52  58 

TABLE  64 


719 


LOGARITHMS  OF  NUMBERS 

No.  7-200  to  7749                 Log.  857032  to  889246 

No. 

720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 

0 

85733* 

857935 
858537 
859138 

859739 
860338 
860937 
861534 
862131 
862728 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

857393 
857995 
858597 
859198 
859799 
860398 
860996 
861594 
862191 
862787 

857453 
858056 
858657 
859258 
859859 
860458 
861056 
861654 
862251 
862847 

*575>3 
858116 
858718 
859318 
859918 
860518 
861116 
861714 
862310 
862906 

857574 
858176 
858/78 
859379 
859978 
860578 
861176 

861773 
862370 
862966 

857634 
858236 
858838 

859439 
860038 

860637 
861236 
861833 
862430 
863025 

857694 
858297 
858898 
859499 
860098 
860697 
861295 
861893 
862489 
863085 

857755 
''58357 
858958 

859559 
860158 

860757 

861355 
861952 
862549 
863144 

857815 
858417 
859018 
859619 
860218 
860817 
86 141 5 
862012 
862608 
863204 

857875 
858477 
859078 
859679 
860278 

860877 
861475 
862072 
862668 
863263 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

863323 
863917 
864511 
865104 
865696 

866287 
866878 

867467 
868056 
868644 

863382 

863977 
864570 
865163 
865755 
866346 
866937 
867526 
868115 
868703 

86344* 
864036 
864630 
865222 
865814 
866405 
866996 

867585 
868174 
868762 

863501 
864096 
864689 
865282 
865874 
866465 
867055 

867644 
868233 
868821 

863561 
864155 
864748 
865341 

865933 
866524 
867114 
867703 
868292 
868879 

863620 
864214 
864808 
865400 
865992 
866C83 
867^73 
867762 
868350 
868938 

863680 
864274 
864867 
865459 
866051 
866642 
867232 
867821 
868409 
868997 

863739 
864333 
864926 
865519 
866110 
866701 
867291 
867880 
868468 
869056 

863799 
864392 
864985 
865578 
866169 

866760 
867350 

867939 
868527 
869114. 

863858 
864452 
865045 
865637 
866228 
866819 
867400 
867998 
868586 
869173 

59 
59 
59 
S? 
59 
59 
59 
59 
59 
?° 

740 
741 
742 
743 
744 
74ft 
746 
747 
748 
749 

869232 
869818 
870404 
870989 
871573 
87*156 
872739 
873321 
873902 
87448* 

869290 

869877 
870462 
871047 
871631 

872215 
87*797 
873379 
873960 

874540 

869349 
869935 
870521 
87 1106 
871690 
872273 
872855 

873437 
874018 
874598 

869408 
869994 
870579 
871164 

871748 
872331 
872913 

873495 
874076 

874656 

869466 
870053 
870638 
871223 
871800 
872389 
872972 
873553 
874«34 
8747»4 

8695*5 
8701 1 1 
870696 
871281 
871865 

87*448 
873030 
873611 
874192 

87477* 

869584 
870170 

870755 
87U39 
871923 

872506 
873088 
873669 
874*50 
874830 

869642 
870228 
870813 
871398 
87 198 1 

872564 
873146 

8737*7 
874308 
874888 

869701 
870287 
870872 
871456 
872040 
872622 
873204 

873785 
874366 

874945 

869760 

870345 
870930 

871515 
872098 

872681 
873*62 
873844 
8744*4 
875003 

59 
59 
58 
58 
58 
58 
58 
58 
58 

>% 

760 
761 
762 
763 
764 
766 
766 
767 
768 
769 
760 
761 
762 
763 
764 
766 
766 
767 
-768 
769 
770 
771 
772 
773 
774 

875061 
875640 
876218 
876795 

87737" 

877947 
878522 
879096 
879669 
88024* 

875119 

875698 
876276 

876853 
8774*9 
878004 
878579 
879"53 
879726 
880299 

875 "77 
875756 
876333 
876910 

877487 
878062 
878637 
8792 11 

88035$ 

875*35 
875813 
876391 
876968 
877544 
8781 19 
878694 
879268 
879I41 
880413 

875*93 

875871 
87644? 
877026 
877602 
878177 
87875* 
8793*5 
879898 
880471 

875351 
875929 

876507 
877083 

877659 
878234 
878809 
87938| 
879956 
880528 

875409 
875987 
876564 

87714" 
877717 

878292 
878866 
879440 
880013 
880585 

875466 
876045 
876622 
877'99 
877774 
878349 
878924 

879497 
880070 
880642 

8755*4 
876102 
876680 
877*56 
877832 

878407 
878981 

&3 

880699 

875582 
876160 
876737 
8773 '4 
877889 

878464 

879039 
879612 
880185 
880756 

58 

i: 

58 

58 

57 
57 
57 
57 
i7 

880814 
881385 

881955 
882525 
883093 
883661 
884229 

884795 
885361 
885926 
886491 
887054 
887617 
888179 
888741 

880871 
881442 
882012 
882581 
883150 
883718 
884285 
884852 
885418 
885983 
886547 
887111 

887674 
888236 
888797 

880928 
881499 
882069 
882638 
883207 

883775 
884342 
884909 

885474 
886039 

886604 
887167 

887730 
888292 
888853 

880985 
881556 
882126 
882695 
883264 
883832 

ll"P 
884965 

885531 

886096 

886660 

887*23 

887786 

888348 

888909 

881042 
881613 
882183 
882752 
883321 
883888 

884455 
885022 

885587 
886152 

886716 
887280 
887842 
888404 
888965 

881099 

881670 
882240 
882809 
883377 
883945 
884512 
885078 
885644 
886200 

"88677? 
887336 
887898 
888460 
889021 

881156 
881727 
882297 
882866 
883434 
884002 
884569 

885135 
885700 
886265 
886829 
88739* 
887955 
888516 

889077 

881213 
881784 
882354 

!!2**3 

883491 

884059 
884625 
885192 

885757 

88632] 

886885 
887449 

88801 1 

888573 
889134 

881271 
881841 
882411 
882980 
883548 
8841 1 5 
884682 
885248 
8858x3 
886378 
886942 

887505 
888067 
888629 
889190 

881328 
881898 
882468 
883037 
883605 

884172 
884739 
885305 
885870 
886434 
886998 
887561 
888123 
888685 
8S9246 

57 
57 
57 
57 
57 
57 
57 
57 

56 
56 

56 
56 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D. 

56 
57 
58 

1   2 
6   11 
6   n 

6   12 

3  4 
17  2 
17  2 
17  2 

5   6   7   8   9 

*  *8  34  39  45  50 
3  28  34  40  46  51 
3  *9  35  4»  46  52 

D.   123456789 
59   6   12  18  24  29  35  41  47  53 
69   5   12  18  24  30  36  41  48  54 

720 


TABLE  61 


LOGARITHMS  OF  NUMBERS 


No.  7750  to  8299 


Log  889302  to  919026 


No. 


T 


5* 
56 


774 

776 
777 

778 
779 


889301 
889861 
190411 
890980 
89*537 


889358 
8899*8 

«9°477 
89*035 
89*593 


780 

781 
782 
783 
784 
785 
786 
787 
788 
789 
780 
791 
792 
793 
794 
796 
796 
797 
798 
799 

Bo 

801 
802 
803 
804 
805 
800 
807 
808 
809 
810 
811 
81t 
813 
814 
815 
810 
817 
818 
819 


801095 
892651 
•93207 

*937«* 
894316 

894870 
8954*3 
895975 
896516 

897077 


$91150 
892707 
893161 
893817 

89437* 

8949*5 
89547* 
896030 
896581 
<97i3» 


889414 
889974 
890533 
89 1091 

89  '*49 


889470 
890030 
890589 
891147 
891705 


889526 
890086 
890645 
891203 
891760 


891206 
892762 
893318 
893873 
894447 
894980 
895533 
896085 
896636 

897187 


892262 
892818 

893373 
8939*8 
894482 
895036 

896140 
896692 
897*4* 


892317 
892873 
8934*9 
893984 
894538 
895091 

895^44 
896195 

8o6747 
897*97 


889582 
890141 
890700 
891159 
891816 


889638 
890197 
890756 
891314 
891872 


89*373 
892929 

893484 
894039 

894593 
895146 
895699 
896251 
896802 
89735* 


89*4*9 
892985 
893540 

894094 
894648 

895201 

895754 
896306 
896857 

897407 


889694 
890253 
890812 
891370 
891928 


892484 
893040 

893595 
894150 
894704 

895*57 
895809 
896361 
896912 
897462 


889750 
8903C9 
890868 
891416 
89'983 


89*540 
893096 
893651 
894*05 
894759 
895312 
895864 
896416 
896967 
8975"7 


S89806 
890365 
890924 
891482 
892239 


89*595 
89)151 
893706 
894261 
894814 
895367 
895920 
896471 
897022 
89757* 


56 
56 
55 
55 
55 
55 
55 
55 
55 


897627 
898176 
8987*5 
899*73 
899811 

9«>367 
900913 
901458 
901003 

£*J47 


897681 
898*31 
898780 
8993*8 
899875 
900411 
000068 
901513 
90*057 
901601 


897737 
898186 
898835 
899383 
899930 
900476 
901012 
901567 
901111 

90*655 


89779* 
898341 
898890 
899437 
899985 

90053" 
901077 
901612 
901166 

901710 


897847 
898396 
898944 
89949* 
900039 

900586 
901131 

901676 
901111 
90*764 


89790* 
898451 
898999 

899547 
900094 

900640 
901186 
901731 

90**75 
901818 


897957 
898506 

8990H 
899601 

900149 
900695 
901240 
901785 
90*3*9 
90*873 


898012 
898561 
899109 
899656 
9C0203 

9C0749 
901195 
901840 
901384 
90*9*7 


898067 
898615 
899164 
899711 
900158 
900804 

901349 
901894 
901438 
901981 


898112 
898670 
899118 
899766 
900312 
900859 
901404 
901948 
901491 
903036 


55 

55 
55 
55 
55 
55 
55 
$4 
54 
54 


903090 
903631 
904»74 
904716 
905156 

•05796 
•06335 

906874 

907411 

907949 


903*44 
903687 
904129 
9°4770 
905310 

905850 
906389 
906927 

907465 
908001 


90|«99 
90374« 
904*83 
9048*4 
905364 
905904 
906443 
•06981 

9075«9 
ooio£ 


903*53 
•03795 
904317 
90487* 
•05418 

9*5958 

906497 

907035 

907573 
908110 


903307 
903*49 
•04391 

90493* 
•0547* 
906012 
906551 

907089 
907616 


903361 
901904 
904445 
904986 
905516 

--*_** 
90000% 

•06604 

907*43 

907680 

9°8*'7 


903416 
903958 

904499 
905040 
905580 
906119 
906658 
•07196 
•07734 
908*70 


903470 
904011 
904553 
905094 
905634 

906173 
906711 

907150 
907787 
9083*4 


9035*4 
904066 
904607 
905148 
905688 
906127 
906766 

907304 
907841 

908378 


903578 
904120 
904661 
905202 
90574* 
9C6281 
906820 
907358 
907895 
90843' 


54 

54 
54 
54 
54 
54 
54 
54 
54 
54 


90*4*5 
909011 

909556 
910091 
910624 
911158 
911690 
912211 
9**753 
iI3*84 


908539 
•09074 
909610 
910144 
910678 
911211 
9**743 
9>**75 
911806 

9'3337 


908591 
909118 
90966, 
910197 
9 1073 1 
91 1264 

9**797 
912328 
912859 
9'339Q 


908646 
909181 
909716 
9 1025 1 
910784 
911317 
911850 
912381 
912913 
9 '3443 


90*699 
909*35 
909770 
910304 
910838 

911371 
911903 

9"*435 
912966 
913496 


908753 
909*89 
909823 
910358 
910891 

9**4*4 
911956 

9i*48* 

9«3oi9 
9*3549 


908*07 
90934* 
909*77 
9 1041 1 

9*0944 
9**477 
9**009 
912541 
913072 
913601 


908860 

909396 
909930 
910464 
910998 

9«*53o 
9**063 
9**594 
9*3**5 


908914 
909449 
909984 


9105 18 
91 1051 

9**5*4 
912116 
911647 
913178 
2!27o8 


908967 
909503 
910037 

9*0571 
911104 

9**637 
912169 
912700 

9*3*3* 
9'376i 


54 

54 
53 
53 

53 

53 
53 
53 
53 
53 


820 
821 
822 
923 
824 
825 
888 
827 
828 
829 


913814 
9«434i 
9*4*7* 
915400 

9*59*7 

9*6454 
9*69*0 
9*75o6 
918030 
9*8555 


913867 
9*4396 
9*49*5 
9*5453 
915980 

916507 
9*7033 
9*755* 
918083 
918607 


9*39*o 
9*4449 
9*4977 
9*5505 
9*6033 

9«6559 
917085 
917611 
918135 
9'8659 


9*3973 
9*450* 
915030 
9*5558 
916085 

916612 
9*7*38 
917663 
918188 

9*87'* 


914026 

9*4555 

915083 
915611 
916138 

916664 
917190 
9*77*6 
918240 
9*8764 


914079 
914608 
9«5*36 
915664 
916191 
916717 

9*7*43 
917768 
918291 
918816 


914660 

9*5*89 
9*57*6 
9«0*43 
916770 

9*7*95 

917820 

9*8345 

918869 


914766 
9*5*94 
9*5*** 
9**349 
916875 
917400 

9*79*5 

918450 

9*8973 


9*4*9o 
9*4819 
9*5347 

9«5875 
916401 

9*6o*7 
9*7453 
91797* 
918502 
919016 


53 
53 

53 

53 
53 
53 
53 
5* 
5* 
5* 


No. 


1 


D. 

52 
53 

54 


3 
16 
16 

16 


4  5 

21  26 

21  26 

22  27 


6  7  8  9 

31  36  41  47 

3*  37  4*  4* 

3*  38  43  4«/ 


D. 
55 
56 


2   3   4   6   6   7   3   9 

ii  16  11  17  33  38  44  49 
11  17  11  18  34  39  45  50 


TABLE  64 

721 

LOGARITHMS  OP  NUMBERS 

No.  8300  to  8849                  Log.  919078  to  946894 

No. 

0 

1 

2 

3   I   4   |   ft 

6 

7 

A 

9 

D 

830 
831 
832 
833 
834 
835 
336 
837 
838 
839 

919078 
9 i960 1 
920123 
920645 
921 166 
921686 
922206 
922725 

9*3*44 
923702 

919130 
919653 
920176 
920697 
921218 
921738 
922258 

9**777 
923296 

9*38i4 

919183 
919706 
920228 

9*0749 
921270 

921790 
922310 
922829 
923348 
9*3865 

9'9*35 
919758 
920280 
920801 
921322 
921842 
922362 
922881 
9*3399 
9*3917 

919287 
919810 
920332 
9*0853 

9* '374 
921894 
922414 
922933 
923451 
923969 

919340 
919862 
920384 
920906 
921426 
921946 
922466 
922985 

9*3503 
924021 

919392 
9 199 14 
920436 
920958 
921478 
921998 
922518 
9*3037 
9*3555 
924072 

919444 
919967 
920489 
921010 
911530 
922050 
922570 
923089 
923607 
9*4i*4 

919496 
920019 
920541 
921062 
921582 

922102 
922622 
923140 
923658 
924176 

919549 
92007 1 
920593 
92 1 1 14 
921634 
922154 
922674 
923192 
923710 
924228 

52 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 

840 
841 
842 
843 
844 
845 
846 
847 
848 
819 
850 
851 
852 
853 
854 
855 
856 
857 
858 
859 

9*4*79 
9*4796 
925312 
925828 
9*634* 
926857 
927370 
927883 
92S396 
928908 

9*43 3 ' 
9*4848 
9*5364 
9*5879 
9*6394 
926908 
927422 
9*7935 
9*8447 
9*8959 

9*4383 
924S99 

9*54»5 
9*593' 
9*6445 
926959 

9*7473 
927986 

9*8498 
929010 

9*4434 
924951 
9*5467 
925982 
926497 
92701 1 
927524 
928037 
928549 
929061 

924486 

9*5oo3 
925518 
9*6034 
926548 
927062 
9*7576 
928088 
928601 
9291 12 

924538 
925054 
925570 
926085 
926600 

9*7  "4 
927627 
928140 
928652 
929163 

9*4589 
925106 
925621 
926137 
926651 
927165 
927678 
928191 
928703 
929215 

924641 
9*5i57 
9*5673 
926188 
926702 
927216 
927730 
928242 

9*875* 
929266 

924693 
925209 

9*57*5 
926240 

9*6754 
927268 
9*778i 
928293 
928805 
929317 

9*4744 
925261 

9*5776 
926291 
926805 
927319 
927832 
928345 
928857 
929368 

5* 
5* 
5* 
5' 
5' 
5i 
51 
51 
5' 
5» 

929419 
929930 
930440 
930949 
93 '458 
931966 
932474 
932981 
933487 
933993 

9*947o 
929981 
930491 
931000 
931509 
932017 
93*5*4 
933°3' 
933538 
934044 

920521 
930032 

93054* 
931051 
931560 
932068 

93*575 
933082 

933589 
934094 

929572 
930083 
930592 
93 1 102 
931610 
932118 
932626 
933'33 
933639 
9H'45 

929623 

93oi34 
930643 

93"53 
931661 

932169 
932677 
933*83 
933690 
934'95 

9*9674 
930185 
930694 
931203 
931712 
932220 
932727 
933*34 
933740 
934246 

929725 
930136 
930745 
93«*54 
931763 
932271 
93*778 
933*85 
93379" 
934*96 

929776 
930287 
930796 

93 '305 
93 18 14 

932322 
93*829 
933335 
93384' 
934347 

929827 
930338 
930847 
931356 
931865 

932372 

93*879 
933386 
933892 
934397 

9*9879 
930389 
930898 
931407 
93'9»5 
93*4*3 
93*93o 
933437 
933943 
934448 

5' 
5' 
5i 
5i 
5' 
5' 
5' 
5' 
5' 
5' 

860 
861 
862 
863 
864 
865 
866 
867 
868 
8691 

934498 
935003 
935507 
936011 
936514 
937016 
9375»8 
938019 
938520 
939020 

934549 
935054 

936061 
936564 
937066 
937568 
938069 
938570 
939070 

934599 
935'04 
93}6o8 
936111 
936614 
937117 
9376i8 
938 1 19 
938620 
939120 

934650 
935'54 
935658 
936162 
936665 
937167 
937668 
938169 
938670 
939170 

934700 
935205 

935709 
936212 

936715 
937217 
937718 
938219 
938720 
939220 

93475' 

935*55 
935759 
936262 
936765 

937*67 
937769 
938269 
938770 
939270 

934801 
9353o6 
935809 
936313 
936815 

937317 
937819 
938319 
938820 
9393*o 

9348<* 
935356 
935860 
936363 
936865 

937367 
937869 
938370 
938870 
939369 

934902 
9354o6 
935910 

936413 
936916 

937418 
937919 
938420 
938920 
939419 

934953 
935457 
93596o 
936463 
936966 

937468 
937969 
938470 
93897c 
939469 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
5° 
50 
5" 
50 
50 
50 
49 
49 
49 

870 
871 
872 
873 
874 
875 
876 
877 
878 
879 

9395»9 
940018 
940516 
941014 
941511 
942008 
94*5c>4 
943000 
943495 
943989 

939569 
940068 
940 5 06 
941064 
94>56i 
942058 

94*554 
943049 

943544 
944038 

939619 
940118 
940616 

941114 
9416  n 

942107 
942603 
943099 
943593 
944C88 

939669 
940168 
940666 
94»i63 
941660 
942157 
94*653 
943148 
943643 
944'37 

939719 
9402 1 8 
940716 
941213 
941710 
942207 
9/,  2  702 
943198 
943692 
944186 

939769 
940267 
940765 
941263 
941760 
942256 
942752 

943*47 
943742 

944*36 

9398i9 
940317 
940815 

94I3I3 
941809 

942306 
942801 

943*97 
943791 

944*85 

939869 
940367 
940865 
941362 
941859 

94*355 
942851 

943346 
943841 
944335 

939918 
940417 
940915 
941412 
941909 
942405 
942901 
943396 
943890 

944384 

939968 
940467 

940964 
941462 
941958 
942455 
942950 
943445 
943939 
944433 

880 
881 
882 
883 
884 

944483 
944976 

945469 
945961 
946452 

94453* 
94502  5 
9455'8 
946010 
946501 

944581 
945074 
945567 
946059 
946551 

944631 
945124 
945616 
946108 
946600 

944680 

945'73 
945665 
946157 
946649 

944729 
945212 

945715 
946207 
946698 

944779 
945272 

945764 
946256 

946747 

944828 

9453** 
945813 

946305 
946796 

944877 
945370 
945862 

9463*4 
946845 

944927 
945419 
945912 
946403 
946894 

49 
49 
49 
49 
49 

D. 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D.   123456789 

49  5   io  15  20  24  29  34  39  44 

50  5   10  15  ao  25  30  35  40  4< 

D.   123456789 
61   5   10  15  20  25  31  36  41  4? 
52   5   10  16  21  26  31  36  41  4 

3  A 


722 


TABLE  6+ 


LOGARITHMS  OF  NUMBERS 


No.  8860  to  9419 


Log.  946943  to  974005 


No. 


3 


8 


985 
886 
887 


94*943 
947434 
9479*4 
94*4'3 
94*9°* 


990 
891 
892 
903 
884 
88ft 
886 
897 
888 
898 


946991 
947483 
947973 
948461 

2&5L 


947<M> 
94753* 
948011 
948511 
948999 


947090 

947 5** 
948070 
948560 
949Q4» 


900 
901 
908 
90S 
904 
905 
906 
907 
908 
909 


949390 
949878 
950365 

950851 
951338 
951813 
951308 

95*79* 
953*76 
953700 


949439 
949916 

9504H 
950900 
951386 
951871 

95*356 
951841 

9533*5 


949488 

949975 
950461 

950949 
95*435 
95i9*o 
95*405 
951889 

953373 
9S3856 


949536 
950014 
950511 
9509V7 
95H83 
95"969 
95*453 
95*938 
9534*1 
953905 


954*43 
9547*5 
955*o7 

956168 
956640 
957118 

957607 
958086 

958564 


954*91 

954773 
955*55 
955736 
956116 

956697 
957176 
957655 
958134 

£58611 


954339 
954811 

955303 
9557«4 
956165 

956745 
957**4 
957703 
95818. 

Q*S6" 


954387 
954869 
955351 
95583» 
956313 
956793 
957*7* 
95775* 
958119 

958707 


947140 
947630 
948119 
948609 
949097 


949585 
950073 
950 *6o 
951046 

95153* 
951017 
951501 
95*986 
953470 
953953 


947189 
947679 
948168 

948657 
949146 


947*38 
9477*8 
948117 
948706 
949195 


947*87 
947777 
948166 

948755 
949*44 


949634 
950111 

950608 

951095 
95i58o 

951066 
95*550 
953034 
953518 
954001 


954435 
954918 

955399 
955880 

956361 

956840 

9573*o 
957799 
958*77 


954484 
954966 
955447 
9559*8 
956409 

956888 
957368 
957847 

95!C5 


949683 
950170 
950657 
95»43 
951619 

95*"4 
95*599 
953083 
953566 

954049 


947336 
947816 

948315 
948804 
940101 


9473*5 
947875 
948364 
948853 
949341 


949731 
95o*i9 
950706 

95"9* 
95i677 
951163 
95*647 
953131 
9536i5 
954098 


95453* 
955014 
955495 
955976 
95*457 
956936 
957416 
957894 
958373 
958850 


95458o 
955061 

955543 
956014 

956505 
956984 
9574»4 
95794* 
9584*1 
958898 


94978o 
950*67 

950754 
951140 
9517*6 
951111 
951696 
953i8o 
953663 
954146 


949829 
950316 
950803 
95"89 
951775 
951160 

95*744 
953118 

9537H 
954194 


954618 
955HO 
95559* 
956071 

956553 
957031 

9575»* 
957990 
958468 
958946 


954677 
955158 
955640 
956110 
956601 

957080 

957559 
958038 
958516 
958994 


910 
911 
912 
913 
914 

915 
916 
917 
918 
919 


959041 
959518 

959995 
960471 
960946 
9614*1 
961805 


959089 
959566 
960041 
960518 
960994 
961469 
961943 

961800 
963363 


963835 
964307 
964778 
965*49 
965719 
566189 
966659 
967117 

9$7595 
968061 


959137 
959614 
960090 
960566 
961041 
961516 
961990 
961464 
96*937 
963410 


9S38I1 

964354 
964815 
965196 
965766 

966705 

96764* 
968109 


959if5 
959661 

96061! 
961089 

961563 
961038 
961511 
96*985 
963457 


9*9*3* 
959709 
960185 
960661 
961136 
96161 1 
961085 

96*559 
963031 

963504 


959*8o 
959757 
960133 
960709 
961184 
961658 
961131 
961606 
963079 

96355* 


9593*8 
959804 
960180 
960756 
961231 
961706 
961180 

96*653 
963116 

963599 


959375 
959851 
960318 
960804 
96i*79 

961753 
962117 
961701 

963646 


9594*3 
959900 
960376 
960851 
961316 
961801 
961175 
961748 
963121 
963693 


959471 
959947 
96c4*3 
960899 

961374 
961848 
961312 

961795 
963168 
963741 


920 
921 
922 
993 
924 
925 
926 
927 
928 
929 


963788 
964160 

964731 
965101 
965671 
966141 
966611 
967080 
967548 
968016 


9*Ml 
968950 
969416 
969881 
970347 
970811 
971*76 
971740 
971203 
972666 
9731*8 
973590 


9*557? 
969043 
969509 

969975 
970440 

970904 
971369 
971831 

97**95 
97*758 
973220 
973682 


9639*9 
964401 

96487* 
965343 
965813 
966183 
966751 
967210 
967688 
968156 


963977 
964448 
064919 
965390 
965860 

966319 
966799 
967167 

967735 
968103 


964014 

964495 
964966 

965437 
965907 

966376 
966845 

967314 
967781 
968149 


964071 
96454* 
965013 
965484 
965954 
966413 
966891 
967361 
967829 
968196 


964118 

964590 
965061 

96553 « 
966001 

966470 
966939 
967408 
967875 
968343 


964165 
964637 
965108 
965578 
966048 
966517 
966986 

967454 
967912 

968390 


964212 
964684 

965«55 
965625 
966C95 

966564 
967033 
967501 
967969 
96S436 


930 
931 
932 
933 
934 
935 
936 
937 
938 
!>39 
940 
V4I 


968530 
968996 

969463 
969918 
970393 

970858 

9713** 
971786 

97**49 

972712 

973J74 
973636 


2 


968623 
060000 

969556 

970021 
970486 

970951 
97H15 
971879 

97*34* 
97*8oa 
973*66 
973728 


968670 
969136 
969602 
970068 
970533 
970997 
97H6i 

9719*5 
97*388 
97*851 
9733'3 

973774 


3      4      5      6      7      8      9 

14  18  13  *8  31  37  41 
14  19  *3  *8  33  38  4* 


968716 

969649 
970114 

970579 

971044 
971508 

971971 
97*434 
971897 

973359 
973820 


968763 
969119 
969095 
970161 
970616 
971090 

971554 
971018 
972481 

97*943 
973405 
973866 


968810 
969176 
969741 
970107 
970671 

97"37 
971601 
971064 
97*5*7 
97*989 
973451 
973913 


968856 
969323 

969789 
970154 

970719 

97H83 
971647 
971110 
97*573 
973035 
973497 
973959 


968903 
969369 

969835 
9703c o 
970765 
971119 
971693 

972157 
972619 
973C82 

973543 
974005 


D. 
48 
49 


23484789 

10    14    19    14    19    34    38    43 
10     15    »o    14    29    34    39    44 


TABLE  6* 


723 


LOGARITHMS  OP  NUMBERS 


No.  9420  to  9999 


Log.  974051  to  999957 


Mo. 


1 


6 


8 


942 
943 
914 
945 
946 
947 
948 
949 


950 
951 
952 
953 
951 
955 
956 
957 
958 
959 


960 
961 
962 
963 
964 
965 

•POO 

967 
968 
969 


970 
971 
972 
923 
974 
975 
976 
977 
978 
979 


97405 « 
97*5" 
974971 

97543* 
975*9* 
976350 
976808 
977**6 


974097 
97455* 

97501! 

97547* 
975937 
976396 
976*54 
9773" 


9777H 
978181 
978637 
979°93 
97954* 
980003 
980458 
980912 
981366 
981819 


98227 1 
982723 

9*3*75 
983626 

9*4077 
9*45*7 
9*4977 
985426 

9*5*75 
9*63*4 


977769 
978226 
97*683 
979*3* 
979594 
980049 
980503 
980957 
98 141 1 
981864 


974*43 

974604 
975064 

9755*4 
9759*3 
97644* 
976900 

9773 S* 


977815 
97**7* 
97*7** 
979**4 
979639 
980094 
980549 
981003 
981456 
9* '909 


974«*9 

974650 
975**0 

975570 
976029 
9764*8 
976946 

222121 


'"111 
974696 

975**6 
97j6i6 
976075 

976533 
976992 

977449 


974**1 

97474* 
975202 

975662 
976 12 1 
976579 

977037 
977495 


9743*7 
9747** 
975*4* 

975707 
976167 
976625 
977083 
97754' 


977861 
97*3*7 
97*774 
979*30 
9796*5 
980140 

9*0594 
981048 
981501 
9**954 


9*677* 
987219 
987666 
988113 
9**559 
9*9005 
9*9450 
989895 
990339 
990783 


982316 
982769 
983220 
983671 
984122 

9*457* 
985022 

9*5471 
9*59*o 
986369 


986817 
9*7*64 
9877 1 1 
988157 
988604 
989049 

9*9494 
989939 
990383 
990**7 


982362 
982814 
9*3*6j 
983716 
984167 
984617 

9*5067 
985516 

9*5965 
»*4'1 


986861 
9*7309 
9*7756 
988202 
988648 

9*9094 
989539 
989983 
990428 
990*7' 


982407 
982859 
983310 
9*3762 
984212 
984662 
985112 

as 


977906 
97*363 
978819 

979*75 
979730 
980185 
980640 
981093 

9**547 
982000 


97795* 
978409 
978865 

9793*' 
979776 
980231 
980685 
981139 
981592 
9**045 


9J7I00 
9***47 
9*8693 
989138 

9*95*3 
990028 

99047* 
990916 


98245* 
9**904 
9*3356 
983807 

9*4*57 
9*4707 

986503 


9*695* 

9*739* 
9*7*45 
988291 

9**737 
989183 
989628 
990072 
990516 
900960 


9**497 
982949 
983401 
983852 
9*430* 

9*475* 
985202 
985651 
986100 
98654* 


986996 

9*7443 
987890 

988336 

9**78* 

989227 
989672 
990117 
990561 
99'oo4 


977998 
978454 
978911 
979366 
979821 
980276 
980730 
981184 
981637 
982090 


974174 
974*34 
975*94 

975753 
976212 
976671 
977129 
977586 


978043 
978500 
978956 
9794** 
979867 
980322 
980776 
981229 
981683 
98*135 


9**545 
9**994 
9*3446 
983897 

9*4347 
9*4797 
9*5*47 
985696 

986144 
9*6593 


987040 
9*74** 
9*7934 
988381 
988826 

9892/2 
989717 
990161 
990605 
99*049 


982588 
983040 

9*349* 
983942 

9*439* 
984842 
985292 

9*574* 
986189 

986637 


9*7085 

9*753* 
987979 

9884*5 
988871 

9893*6 
989761 
990206 
990650 
99*093 


974420 
97488o 
975340 

975799 
976*58 
976717 

977*75 
97763* 


974466 
9749*6 
975386 

975845 
976304 
576763 
977**o 
977678 


978089 
978546 
979002 

979457 
979912 

980367 
980821 

9***75 
981728 
982181 


97**35 
97*59* 
979047 
979503 
97995* 
980412 
980867 
981320 

98*773 
982226 


982633 
983085 
983536 
983987 
9*4437 
984887 
985337 
985786 

986234 
986682 


987130 

987577 
988024 
988470 
988916 

989361 
989806 
990250 
990694 
99"37 


982678 
983130 
983581 
984032 
98448* 
984932 

9*53** 
985830 
986279 
9867*7 


987*75 
987622 
988068 
9*8514 
988960 

989405 
989850 
990294 
990738 
99"8* 


46 
46 
46 

46 

46 
46 
46 
46 
46 

45 

45 
45 
45 
45 


45 
45 
45 
45 
45 
45 
45 
45 
45 
45 


45 
45 
45 
45 
45 
45 
44 
44 
44 
44 


980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 


991226 
991669 
992111 
99*554 
99*995 
993436 
993877 
9943*7 
994757 
99S'96 


99**7o 
991713 
992156 
992598 
993039 

993480 
993921 
994361 
994801 
995*40 


99*3*5 
99*75* 
992200 
992642 
993o*3 
9935*4 
993965 
994405 
994*45 
995**4 


995635 
996074 
996512 

996949 
9973*6 

997**3 
998259 
998695 
999131 
565 


995679 
9961 17 
996555 
996993 
99743© 

997867 
99*303 
998739 
999*74 

322*21 


99*359 
991802 
992244 
992686 
993**7 
993568 
994009 

994449 
994889 

9953*8 


9957*3 
996161 
996599 
997037 
997474 
9979*o 
99*347 
998782 

999**8 
999652 


1 


995767 
996205 
996643 
997080 
9975*7 
997954 

"Si9? 
998826 

999261 

999696 


991403 
99*846 
992288 
992730 
993172 
993613 
994053 
994493 
994933 
99537* 


995811 
996249 
996687 
997124 
997561 
997998 

« 

999305 
999739 


99*448 
991890 

99*333 
99*774 
993216 

993657 
994097 
944537 
99*97;: 
9954*6 


991492 
99*935 
99*377 
99*8*9 
993260 

993701 
994141 
994581 
995021 
99546o 


99*536 
991979 

9924** 
992863 
993304 

993745 
994**5 
9946*5 
995o65 
995504 


991580 
992023 

99*465 
992907 

99334* 

9937*9 
994229 
994669 
995*o8 
995547 


991625 
992067 

99*509 
992951 
993392 

993*33 
994*73 
9947*3 
995 »5* 
99559' 


1345678V 
f  13  17  28  26  30  34  39 
9    13    18    22    26    31    35    40 


995*54 
996293 
996731 
997168 
997605 
998041 
99*477 
99*9*3 
999348 
999783 


995*9* 
996337 
996774 
997212 
997648 
998085 
9985*1 
99*956 
999392 
999826 


99594* 
996380 
996818 

997*55 
997692 
998129 
998564 
999000 
999435 
999*7o 


9959*6 
9964*4 
996862 

997*99 


996030 
996468 
996907 
997343 


997736  I  997779 


998608 
999043 
999479 

9999*3 


6 


99***6 
998652 

999087 

999522 

999957 


44 
44 
44 
44 
44 
44 
44 
44 
44 


44 
43_ 
D. 


D.      123456789 

45  4       9     13     **     22     27     31     36    40 

46  S       9     14     I*     23     2&    32     37     4» 
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TABLB  64a. 


8PHEROIDAL  TABLES.    COMPRESSION  §fr 

Latitude. 

Longitude. 

! 

e 
0 

Loath  in  tot  of  % 

ll 

Ml. 

Length  In  tot  of 

ft 

Degiee. 

Minute. 

Second. 

Degree. 

Minute. 

Boreal. 

68704 

3627556 

604593 

10077 

0 
0 

60410 

3652337 

608723 

IOI-454 

2 

68704 

362760  1 

604600 

IOO77 

2 

60373 

3650127 

608354 

IOI-392 

4 

68707 

3627736 

604623 

IOO77 

4 

60-261 

3643500 

607250 

101  208 

6 

68711 

362795-9 

604660 

IOO78 

6 

60074 

363246  3 

6054II 

100*902 

8 

68717 

362827- 1 

604712 

IOO79 

8 

59814 

3617030 

602838 

IOO473 

10 

68725 

3628669 

604778 

100-80 

10 

59  48o 

3597217 

599536 

99923 

12 

68734 

3628152 

6048  59 

IO081 

12 

59072 

3573048 

595508 

99  251 

U 

68745 

3629718 

6049  53 

IO083 

14 

58592 

3544551 

590759 

08460 

16 

68757 

3630363 

605061 

IOO-84 

16 

58040 

35i '757 

585293 

97549 

18 

68771 

3631084 

6051-81 

IOO-86 

18 

574i6 

3474705 

5791  18 

90520 

20 

68786 

363187  9 

6053  «3 

1 0089 

20 

56722 

3433437 

572240 

95  373 

22 

68801 

3632743 

6^54  57 

IOO91 

22 

55*958 

33*8001 

564667 

94  "I 

24 

6S819 

3633672 

6056- 1 2 

IOO94 

24 

55"5 

33>i>450 

556408 

92735 

26 

68838 

3634662 

605777 

IOO06 

26 

54225 

3284841 

547474 

9>245 

28 

68858 

3635708 

605951 

IOO99 

28 

53259 

3227236 

537873 

89*45 

80 

68879 

3636805 

606134 

IOI02 

30 

52228 

3165703 

527617 

87936 

82 

68900 

3637048 

606325 

I01-05 

32 

5i-i33 

310031-2 

5167  19 

86*  119 

84 

68923 

3639i3'l 

606522 

IOI-09 

34 

49976 

303"4  2 

505190 

8»I9» 

86 

68946 

3640349 

606725 

10I*12 

36 

48758 

2958272 
2881789 

493045 
4802*98 

82174 

8b 

68970 

3641595 
364286*3 

606933 

101*16 

38 

47481 

80050 

40 

68994 

6071*44 

IOI'I9 

40 

46146 

280178-2 

466964 

77  827 

42 

69*018 

3644149 

607358 

10123 

4*2 

44*757 

2718347 

453058 

75509 

44 

69042 

3645444 

6o75  74 

IOI  26 

44 

43  313 

2631583 

438597 

73*100 

46 

69067 

3646744 

607791 

IOI  30 

46 

41817 

2541592 

423599 

70600 

48 

69*092 

3648041 

608007 

10133 

48 

40270 

2448482 

4080-80 

68013 

50 

69116 

364932  9 

608222 

IOI37 

50 

38676 

2352365 

392061 

65343 

52 

69*140 

3650&02 

608434 

IOI4I 

52 

37035 

225335$ 

375559 
358595 

62593 

84 

69164 

365»854 

608642 

10144 

54 

35350 

215157-2 

59706 

56 

69187 

365307  9 

608847 

101*47 

56 

33623 

2047140 

3411*90 

56S65 

58 

69210 

3654270 

609045 

101  51 

58 

31856 

19,0183 

3253-64 

53  891 

60 

69231 

36554*'* 

609237 

10154 

60 

30051 

1830833 

305I-39 

50856 

62 

69252 

3656539 

6094-22 

10157 

62 

28-211 

171922  1 

286537 

47  756 

64 

69272 

3*573*5 

609598 

101*60 

64 

26-337 

160548-6 

267581 

44  597 

66      69*291 

3658586 

609764 

101-63 

66 

24432 

1489763 

248294 

41382 

68 

69309 

3659$2'7 

609921 

10165 

68 

22498 

I372I97 

228700 

38  no 

70 

69320 

3660402 

610067 

101  68 

70 

*o*53* 

1252932 

208822 

34804 

72 

69341 

3661207 

610201 

101  70 

72 

•8*553 

1132114 

188686 

3*448 

74 

69355 

3661939 

610323 

101 72 

74 

16547 

100989- 1 

1683*15 

28*053 

76 

69'367 

3662596 

610432 

10174 

76 

I45il 

886416 

147736 

24623 

78 

69378 

3663167 

6105-2S 

10175 

78 

12478 

761840 

126973 

31*  162 

80 

69387 

3663658 

610610 

10177 

80 

10*421 

636318 

106053 

17676 

81 

69  39S 

366 ,063 

610677 

10178 

82 

8-352 

510006 

850*01 

I4167 

84 

69-401 

36643*0 

610730 

101 79 

84 

6272 

383061 

63844 

10-641 

86 

69405 
69408 

3^64607 

6107-68 

101 79 

86 

4186 

255639 

42607 

7- 101 

88 

366474+4 

610791 

10180 

88 

2094 

I-789-9 

21317 

3*553 

90 

69409 

36*4?*'' 0 

610798 

10180 

90 

00 

00 

00 

0-0 

•  The  Agues  in  th!«  eolomn,  dlvMed  by  «,  vf n  give  the  ttsurth,  in  cables,  of  e  minute  of 
■ponding  latitude,  that :  In  latitude  64°  6  s7»+6«i*©s  •»*'•  1°  *  minute  of  longitude. 

Nctk.— These  Ublei  here  been  caioulatui  for  ertf-jr  ten  minutes  of  latitude,  end  ex 
14*  Miocriss,  M. 


at*  published 


in  i'soone* 
bj  J.  IX  Potter, 


72* 
TABLE  65. 


NATURAL  SINES,  COSINE8,  &c 

• 

Sine. 

Coaeo. 

Tangent 

Cotang. 

Secant 

Coanw. 

• 

0 

•oooo 

Infinite 

•0000 

Infinite 

1-0000 

1*0000 

90 

1 

•0175 

572987 

•0175 

572900 

10002 

•9098 

89 

2 

•0349 

286537 

•«349 

286363 

1-0006 

'"a 

88 

a 

-0523 

191073 
I4-3355 

•0524 

19*0811 

1 0014 

•9986 

87 

4 

•0698 

•0699 

143007 

1-0024 

•9976 

86 

* 

•0872 

"4737 

•0875 

114301 

10038 

•9962 

85 

6 

•1045 

95668 

•105 1 

9'5«44 

1*0055 

•9945 

34 

7 

•1219 

82055 

•1228 

81443 

1*0075 
1-0098 

•9925 

83 

8 

•1392 

71853 

•1405 

7»54 

•9903 

81 

t 

•I5$4 

6  3925 
57588 

•1584 

63138 

10125 

•9877 

81 

10 

•1736 

•1763 

5«>7I3 

1**54 

•9848 

30 

11 

•1908 

52408 

1944 

51446 

1*0187 

-9816 

79 

IS 

•2079 

48097 

-2126 

47046 

10223 

•9781 

78 

13 

'2250 

4*4454 

•2309 

4*3315 
40108 

10263 

•9744 

77 

14 

•2419 

4''33* 

•2493 

10306 

•9703 

76 

15 

•2588 

38037 

•2679 

37321 

10353 

•9659 

75 

16 

2756 

36280 

•2867 

34874 

1*0403 

•9613 

74 

17 

•2924 

3'4203 

•3057 

32709 

10457 

•9563 

73 

18 

•3090 

32361 

•3249 

3  0777 

10515 

•9511 

72 

19 

•3256 

30716 

•3443 

29048 

10576 

•9455 

71 

20 

3420 

29238 

•3640 

37475 

10642 

•9397 

70 

21 

3584 

8  7904 

3839 

36051 

1*0711 

•9336 

63 

22 

3746 

26695 

•4040 

24751 

10785 

•9272 

68 

23 

•3907 

8-5593 
24586 

4245 

23559 

10864 

•9205 

67 

24 

•4067 

•4452 

2-2460 

1  0946 

•9135 

66 

25 

-4226 

2*3662 

•4663 

31445 

1  1034 

•9063 

65 

28 

•43*4 

22812 

•4877 

20503 

1*1126 

•8988 

64 

27 

•4540 

22027 

•5095 

1*9626 

11223 

8gio 

63 

28 

•469$ 
•4848 

2*  I3OI 

•5317 

1*8807 

11326 

•8829 

62 

29 

2*0627 

•5543 

1-8040 

11434 

•8746 

61 

30 

•5000 

20000 

•5774 

17320 

««547 

•8660 

60 

31 

'5"5° 

I  9416 

•6009 

16643 

11666 

•8572 

69 

82 

5299 

I  887I 

•6249 

16003 

1*1792 

•8480 

58 

33 

5446 

18361 

•6494 

1-5399 

1*1924 

•8387 

57 

34 

•5592 

17883 

•6745 

14826 

1*2062 

•8290 

56 

35 

5736 

1*7434 

•7002 

14281 

12208 

•8192 

56 

36 

•5878 

I7013 

7265 

13764 

1*2361 

•8090 

54 

37 

6018 

l66l6 

7536 
7813 

13270 

1*2521 

•7986 

53 

38 

•6157 

I6243 

12799 

1  2090 

7880 

62 

39 

•6293 
•6428 

I589O 

•8098 

12349 

1*2868 

7771 

61 

40 

«5572 

•8391 

1  1918 

«3054 

7660 

60 

41 

•65*1 

I-5243 

8693 

11504 

T3250 

•7547 

49 

42 

•6691 

"4945 

•9004 

11106 

1-3456 

7431 

46 

43 

6820 

14663 

•9325 

1*0724 

13673 

7314 

47 

44 

•6947 

1*4396 

•9657 

10355 

13902 

7193 

46 

45 

o 

•7071 

1-4142 

10000 

E'OOOO 

14142 

7071 

45 

Cosine. 

8ecant 

Cotang. 

Tangent 

Coseo. 

Sine. 

0 

|T2« 

TABLE  66 

LOG  SINKS  OF  SMALL  ARC*  TO  EACH  SECOND 

r* 

*•  1' 

9°f 

&>* 

9°  4* 

<r  5' 

0*(T 

©•r 

9°  r 

rri  a 

—  00 

4*6*$57 
4*98660 
5*16170 
518763 

3-3*454 
$-4^373 
5-53067 
558866 
$-63981 

6* 

46373 

47090 

47797 
4*49* 
49*75 

49*49 
50511 

51808 
5*44* 

6* 

76476 
76836 

77193 
7754* 
77900 

7**4* 
7*595 
7*93* 
79*7* 
79616 

6*940*5 
694315 

694565 
694*03 
695039 

6*95*75 
695509 
6*9574* 
6*95973 
6*96104 

7* 

o6579 

06759 

06939 

07118 

07196 

07474 
07651 
07817 
08003 
08177 

7* 

16170 

16414 

16558 

16701 

16845 

16987 

17130 

1717* 

*74*3 

'7553 

7* 

141** 

H3o* 

144** 

*454* 

14668 

1A7*7 
14906 

*5o»4 
15141 
15160 

7* 

30881 

30986 

31089 

31191 

3**94 

31396 

3«49* 
31600 
31701 
3**03 

36681 
36772 
36862 

3695* 
37042 

37131 

37221 

373>o 
37399 
374*8 

r 
4*797 

4**77 
4*957 
4*037 
41117 

4**97 

42177 

42356 
4*435 
4*5'5 

30 
69 
58 
67 
56 
55 
54 
63 
69 
51 

5*68$57 
5-71697 
5*76476 

5*7995* 
5*83170 

5*86167 
5*88969 
5*91601 
594085 
5*9*431 

53067 
536*3 
54*9* 
54*90 
554*" 
56064 
56639 
57*07 
57767 
58310 

7995* 
80185 
80615 

tm 

81591 
81911 
81130 

**545 
81859 

6-96661 
6*96888 
697113 
6*9733* 
6*97561 

6*977*3 
6*98004 
6*98114 
6*9*443 

08351 

o*5*5 
08698 
08870 
09041 
09111 
09381 
0955* 
097*9 
09**7 

«76o4 

*7*34 
"7973 
18111 
18150 
1*389 
18516 
18663 
18800 
**937 

*537* 
*5495 
15611 

*57*« 
*5*45 

Xl 

16191 
16307 
16411 

3*904 
32005 
32106 
32106 
3*3o6 
31406 
31506 
32606 
3*705 
3**04 

37577 
37666 

37754 
37*4* 
37930 
3C018 
38106 

3**93 
38180 

5*367 

4*594 
42673 

4275* 
41830 
4290S 

4*9*7 
43065 

43*43 
43**' 
43*99 

59 
49 
48 
47 
46 

4J 

44 
43 
42 
41 

* 
si 

23 
94 
S§ 

37 

98 

29 

5*98660 

6*00779 
6*01800 
6*04730 
6*06579 

6*08351 
6*10055 
6*11694 
613173 
6*14797 

58866 
594o6 

&$ 

60985 

6i499 

61007 

63006 
63496 

83170 

*3479 
83786 
84091 

*4394 

84694 

*4993 
85189 

«55*4 
85876 

698660 
6*9**77 
6*99093 
6*99307 
6*99510 

6*99733 
6*99944 
7*00155 
7*00364 
7-00571 

10055 
10111 
10388 

*0553 

10718 

10881 
11046 
11109 
»*3/* 
*>533 

19071 
19108 
*9343 
*947* 
19611 

19746 

19879 
10011 

10145 
10177 

16536 

16650 

16764 
16877 
16991 

*7*04 
17116 

*73*9 
17441 

*755* 

3*903 

33001 
33100 
33*9* 
33*96 

33393 
3349' 
335** 
•33**5 
3378* 

3*454 
3*54* 
3*6*8 

3*7*4 
38800 

3***7 
3*97* 
3905* 
39*44 
39*19 

43376 
43454 
4353' 
436o* 
436*5 
4376* 
43*39 
439*6 
4399* 
44069 

40 
39 
38 

37 

39 

35 

34 
33 
33 
31 

89 

31 

38 

**3 

34 

3* 

3 

*7 

:im 

39 

6*16170 
6*17694 
6*19071 
6*10409 
6*11705 
6*11964 
6-14188 
6*15378 
6*16536 
6*17604 

639** 
64461 

64936 
65406 
65870 
66330 
667*5 

67*35 
67680 
68m 

86167 

86455 
86741 
87017 
87310 
87591 
87870 
88147 
88413 
88697 

7*00770 
7*00986 
7*01191 
7*01395 

7*oi599 
7*oi8oi 

7*01003 
7*01103 
7*01403 
7*01601 

11694 
11854 
11014 
11174 
**333 

1*49* 
11648 
11805 
11961 
13118 

10409 
10540 
10671 
10801 
10931 
11061 
11191 
11310 

11449 

11577 

17664 

*7775 
17**6 

*7997 
18107 

28217 
28327 

**437 
18546 
18655 

33*79 
3S975 
34071 

34*67 
34*63 

34359 
34454 
34549 
34©44 
34739 

393*4 
39400 

394*4 
39569 
39*54 

3973* 
39811 

399o6 

3999° 
40074 

44*45 

44111 

44*97 
44373 
44449 

445*4 
44600 

44675 
44750 
44**5 

39 
39 
98 

n 

99 
25 
24 
23 
22 
21 

m 

41 
4*f 
43 
44 
46 
44 
47 
43 
49 

6-18761 
6*19836 
6*30881 
6*31904 
6*31903 
6.33879 

6*34*33 

6*35767 
6*36681 
6*37577 

ilss7 
68990 

69418 
69841 
70161 
70676 
71088 
71496 
71900 

72300 

88969 
89140 
89509 
89776 
90041 
90306 
90568 
90819 
91088 
01346 

7-02800 
7*01997 
7*03193 
7*03388 
7*03581 
7*03776 
7*03968 
7*04160 
7*04351 
7*0454* 

'3*73 
13418 
13581 
'3736 
13889 

14041 
14194 
14346 

14497 
14647 

11705 
11833 
11960 
11087 
11113 

**339 
11465 
11590 

21715 
11840 

18763 
18871 
18980 
19088 
19196 
19303 
29410 
19517 
19613 
19730 

34*33 
34928 
35022 
35**6 
35209 

35303 
35396 
354*9 
355** 
35675 

40158 
40*4' 
40324 
40408 
40491 

40573 
40656 

40739 
40821 

40903 

44900 
44375 
45050 
45**4 
45*99 
45*73 
45347 
454** 
45495 
45569 

20 
19 
18 
17 
16 

15 
14 
13 
12 
11 

30 
61 
62 

A3 
64 
65 
66 
67 
58 
59 
(ft) 

6*3*454 
6*393*5 
6*4015! 
6*40985 
6*4*797 

6*4*594 
6*43376 

6*44*45 
6*44900 
645643 
6*46373 

7*697 
73090 

73479 
73*65 
74*4* 

746*7 
7500} 
7537* 
75746 
76m 
76476 

91601 

*«*57 
91110 
91161 
91611 
91861 
93109 
93355 
93599 
93*43 
94085 

7*04730 

7*049*9 
7*05106 

7*05*93 
7*05479 

7*05664 

7*oj849 
7*06031 
7*06115 
7*06397 
706579 

"4797 
*4947 
15096 

«5*44 
*539* 
»5540 
15687 
»5*33 
"5979 
16115 
16170 

11964 
13088 
13111 

*3335 
*345* 
13580 
*37©* 
13814 
»3946 
14067 
141** 

19836 
19941 
30047 
30151 
3«57 
30361 
30467 
30571 
30675 
30779 
30881 

35767 
35*6o 

3595* 
16044 
36*35 
361*7 
3631* 
36409 
36500 
36591 
36682 

409*5 
4*067 

4««49 
4**30 
4131* 

4*393 
4*474 
4i$55 
41636 
41716 
4*797 

45643 
45716 

45863 
45936 
46009 
46081 

46*55 
461*3 
46300 
46373 

19 
9 

9 
7 

• 

9 
4 
3 
2 
1 
0 

// 

80°  59' 

89°  58* 

89°  bf 

89°  5ff 

89°  55' 

89°  54' 

89°  53' 

89°  5* 

89°  61' 

89°  50 

// 

COSINB 

TABLE  66 

727 

LOG.  SINKS  OF  SMALL  ARCS  TO  EACH  SECOND 

// 

)°  10* 

o°  ir 

0°  12* 

1f  \X 

0°  14' 

r  16' 

r  ir 

0°  \t 

o°  ir 

OMIT 

H 

e 

1 

2 

3 

•  4 

6 

• 
7 
8 
0 

V 

4^373 
46445 
46517 

465*9 
46661 

46733 
46805 
46876 
46948 
47019 

T 

50511 

50578 

50643 

50709 

5<>774 

50840 

5<>905 
50970 

5'035 
51100 

V 

54*91 

54351 

544" 

54471 

545  3  * 

54591 

54651 

547" 

54771 

54830 

V 

57767 
57811 
57878 

57934 
57989 

58044 
58100 

58155 
58110 

58*65 

r 

60985 

61037 

61089 

61140 

61191 

61*43 
61*94 
61346 

61397 
61448 

r 

63981 

64030 

64078 

64126 

64174 

64m 

64170 

64318 

64366 

64414 

V 

66784 

66830 
66875 
66920 
66965 

67010 
67055 
67100 

67145 
67190 

r 

69417 

69460 

69502 

69545 

69587 

69630 

69672 

69714 

69757 

69799 

r 
71900 

71940 
71980 
72020 
72060 
72100 
72140 
72180 
72220 
72260 

r 

74*48 

74286 

743*4 
7436* 
74400 

74438 
74476 
74514 
74551 
745*9 

00 
60 
58 
57 
60 
66 
64 
63 
62 
61 

10 
II 
12 
13 
14 
16 
10 
17 

18 
19 

47090 
47161 
47*33 
47303 
47374 
47445 
475  "5 

47656 

477*6 

51165 
51130 
5>*94 
5'359 
5*4*3 
51488 

51616 
51680 
5«744 

54890 

54949 
55008 
55068 
55"7 
55186 
55*45 
55304 
55363 
554** 

58310 

58375 
58430 

58485 
58539 

58649 
58703 
58758 
58811 

61499 

v&° 

61601 
61651 
61703 

61754 

61805 

61906 
61957 

64461 
64509 

64557 
64604 
64652 

64699 
64747 
64794 
64841 
64889 

67*34 
67279 

67360 
67413 

67458 
67502 

67547 
67591 
67636 

698^3 

69967 
70009 

70051 
70093 

70135 
70177 
70219 

7*300 
72340 
72380 
7*419 
7*459 

7*499 
7*538 
7*578 
72618 
7*657 

746*7 
74665 

74703 
74740 
74778 

74815 
74853 
74891 
74928 
74966 

60 
40 
48 
47 
46 

45 
44 
43 
42 

41 

20 
21 
22 
23 
24 
25 
26 
27 
28 
20 
30 
11 
32 
33 
34 
35 
36 
37 
38 
30 

47797 
47*67 
47936 
48006 
48076 

4*«45 
48115 
48184 

48353 
48411 

51808 
5187s 
51936 

51999 

5*063 

51116 
51190 

5**53 
51316 

J*37o 

5548i 
55539 
5559J 
55656 

55715 
55773 
55831 
55889 

3SS 

58866 
589*1 
58975 
59019 

59083 

59»37 
59191 

59*45 
59*99 
5935* 

61007 
61058 
6no8 
61158 
61109 

6**59 
62309 

6*359 
61409 

6HX° 

64936 

64983 
65030 
65078 
65115 

65172 
65218 

65*65 
65311 

6535? 

67680 

677*4 
67768 

67813 
67857 
67901 

*7945 
67989 
68033 

68077 

70261 
70302 

70344 
70386 

704*7 

70469 
70510 

70552 

70593 
70635 

7*697 
72736 

7*775 
7*815 
7*854 
7*894 
7*933 
72972 
73011 
73050 

75003 
75040 
75078 

75"5 
75153 
75190 
75**7 
75*64 
75302 

75339 

40 
30 
88 
37 
36 

36 
34 
33 
32 
31 

48491 
48560 
48619 
48698 
48766 
48835 
48903 
48971 

49039 
49107 

5*44* 
5*505 
5*568 
51631 

5*693 

5*756 
52818 
51881 

5*943 
53005 

56064 

56111 

56179 
56*37 
56195 

5635* 

56410 

56467 

565*4 
56581 

594o6 
59459 
59513 
59566 
59610 

59673 
59716 
5978o 

59833 
59886 

6*509 

35 

61659 
61708 

6*758 
62808 
62857 
62907 
62956 

6540* 
6545* 
65499 
65545 
65591 

65638 
65685 
65731 

65778 
658*4 

68121 
68165 
68208 
68252 
68296 
68340 
68383 

684*7 
68470 
68514 

70676 

70718 

70759 
70800 
70841 

70883 

709*4 
70965 
71006 

71047 

73090 

731*9 
73168 
73207 
73*46 

73*85 
733*4 
73363 
73401 
73440 

75376 
75413 
7545° 
75487 
755*4 
7556i 
75598 
75*35 
7567* 
75709 

30 
20 
28 
27 
26 

25 
24 
23 
22 

21 

40 
41 
42 
43 
44 
45 
46 
47 
48 
40 

49 '75 
49*43 
493" 
49379 
49446 

495 '3 
49581 
49648 
49715 
4978* 

53067 
53**9 
53191 
53*53 
53315 
53376 
53438 
53499 
5356i 
53611 

56639 

56696 

56753 

56810 

56867 
569*4 

56980 

57037 
57094 
57150 

59939 
5999* 
60045 

60097 
60150 

60203 
60255 
60308 
60360 
60413 

63006 
63055 
63104 
63153 
63*03 
63252 
63301 
63350 

63399 
63448 

65870 
65916 
65962 
66008 
66055 
66101 
66146 
66192 
66238 
66284 

68557 
68601 
68644 
68687 
68731 

68774 
68817 
68860 
68903 
68946 

71088 
71 129 
71170 
71211 
71*51 
71292 
71333 
71374 
71414 
71455 

73479 
73518 
73557 
73595 
73634 
73673 

737" 
73750 
73788 
738*7 

75745 
75782 

75819 
75856 
75892 

759*9 
75966 
76002 
76039 

76075 

20 
10 
18 
17 
16 

16 
14 
13 
12 
11 

to 

61 
62 
63 
64 

66 

66 
57 
58 
50 
60 

49849 
49916 
49981 
50049 
50115 
50181 
50*48 
50314 
50380 
50446 
50511 

53683 
53744 
53805 
53866 
539*7 
53988 
54049 
54109 
54i7o 
54*3o 
54*9* 

57206 
57*63 
57319 

57375 
57431 
57488 
57544 
57599 
57655 
577" 
577*7 

60465 
60517 
60570 
60622 
60674 
60716 
60778 
60830 
60881 
60934 
60985 

63496 
63545 
63594 
63642 
63691 
63740 
63788 
63837 
63885 

63933 
63982 

66330 
66375 
66421 
66467 
66512 

66558 
66603 
66649 
66694 
66739 
66784 

68989 
69032 

69075 
69118 
69161 

69204 
69247 
69289 
69332 

69375 
69417 

71496 
71536 
71577 
71617 
71658 

71698 
71739 
71779 
71819 
71859 
71900 

73865 
73904 
7394* 
7398o 
74019 

74057 
74095 
74133 
74171 
74*io 
74*48 

76112 
76148 
76185 
76221 
76258 
76294 
76330 
76367 

76403 
76439 
76475 

10 
0 

8 
7 

• 
6 
4 
3 
2 
1 
0 

" 

B0°49/ 

80°  48* 

89°  47' 

80°  46* 

80°  45't89°  44'[89'  43',880  42* 

80°  41' 

89°  40* 

Co»i>'K 

728 

\ 

TABLE  6G 

LOG.  SlNES  OP  SMALL  ARCS  TO  EACH  SECOND 

// 

o*  20' 

o°  sr 

0°  2* 

if  2* 

0°  24' 

0°  25' 

o°  *c 

o°  27 

0°  28' 

05  29' 

/« 

0 

i 

3 

3 
4 
5 
« 
7 
8 
0 

r 

76475 

7651a 

76548 

76584 

76610 

76656 

7669a 

76718 

76764 

76800 

7* 

78594 

78619 

78663 

78698 

7*73* 

78766 

78801 

78815 

78869 

78903 

r 

8061$ 

80647 

80680 

80713 

80746 

80779 
8081a 

8o«44 

80877 
80910 

T 
8a  545 

8a577 
82608 

8a639 
82671 
8170a 
81733 
81765 
82796 
81827 

r 

84393 

844*4 

84454 

84484 

84514 
84544 
84574 
84604 
84634 
84664 

r 

86166 

86195 

86224 

86253 

86282 

86311 

86340 

86368 

86397 

86426 

T 

87870 

87897 

879*5 

87953 

87981 

88008 
88036 
88064 
8809a 
88119 

r 
89509 

89535 
89561 
89589 
89616 

89641 
89669 
89696 
897*1 
89749 

r 
91088 

91114 
91140 
91165 
91191 
91217 

91*43 
91269 

91*94 

91310 

V 
92612 

9a6j7 
92662 
92687 
92712 

9*737 
92761 
92786 
9281 1 
92836 

60 
59 
58 
57 
5tf 
55 
54 
53 
52 
51 

10 
11 
12 
13 
N 
15 
IK 
17 
18 
19 

76836 
7687a 
76907 
76943 
76979 

77015 
77051 
77086 

77iaa 
77158 

78938 
7897a 
79006 
79040 
79074 
79108 
79  x4a 
79176 
79110 
79M4 

8094a 

80975 
81008 
81040 
81073 
81105 
81138 
81170 
81203 
8ii35 

82859 
82890 
82921 

8i95* 
8a983 

83015 
83046 
83077 
83108 
83139 

84694 

84?a4 
84754 
84784 
84814 

M43 
84873 
84903 

84933 
84963 

86455 
86484 
86512 
86541 
86570 
86598 
86627 
86656 
86684 
86713 

88147 
88175 
88202 
88230 
88258 
88285 
883,3 
8834c 
88368 
88395 

89776 
89802 
89829 
89856 
89882 

89909 
89935 
89962 
89988 
90015 

91346 
91371 
91397 
914*3 
91448 

91474 
91500 

915*5 
91551 
91576 

92861 
92886 
92910 

9*935 
92960 

92985 
93009 
93034 
93059 
93084 

50 
49 
48 

47 
46 

45 
44 
43 
42 
41 
40 
39 
38 
37 
36 

35 
34 
33 
32 
31 

20 
21 
22 
23 

n 

25 
96 
27 
28 
St 
30 
31 
32 
33 
34 
35 

:i« 

37 
rut 

77193 
77**9 
77a64 

77300 
77335 
77371 
774=>6 
77441 
77477 
77512 

79*78 
793»i 
79346 
79380 
794"4 
79448 
7948i 
79515 
79549 
7958a 

81168 
81300 

81331 
8,365 

81397 

81419 
8146a 

8i494 
81526 

81558 

83170 
83201 

83131 
83163 

83*94 
833*5 
8335* 
83387 
83417 
83448 

84992 
85022 
85052 
85082 
85m 
85141 

85171 
85200 
85230 
85259 

86741 
86770 
86799 
86827 
86856 

86884 
86913 
8694, 
86969 
86998 

884a3 
88450 
88478 
88505 
88533 
88560 
88587 
88615 
88641 
88669 

90041 
90068 
90094 
90121 
90147 
90174 
90200 
90226 
90253 
90*79 

9160a 
91617 
91653 
91678 
91704 
917*9 
91755 
91780 
91806 
91831 

93io8 
93133 
93158 
93i8a 

93*o7 

93*31 
93*56 
93*8i 
93305 
93330 

77548 
77583 
776i8 

77654 
77689 

777H 
77759 
77794 
77819 
77864 

79616 
79650 
79683 
797"7 
7975' 

79784 
79818 
79851 
79885 
799 '8 

8i59> 
816*3 

81655 
81687 
81719 
81751 
81783 
81815 
81847 
81879 

83479 
83510 

8354« 

g& 

83633 
83663 

83694 

837*5 
83755 

J5289 
I5318 
85348 

85377 
85407 

85436 
85466 

85495 
855*5 
85554 

87026 
87055 
87083 
87m 

87140 
87168 
87196 

87ai4 

87*53 
87281 

88697 
887a4 
88751 
88779 
88806 

88833 
88860 
28888 
88915 
88942 

90305 

9033* 
90358 
90384 
9°4ii 

90437 
90463 

90489 
90515 
9054a 

91857 
91882 

91907 
91933 
91958 
91983 
92009 
9*034 
9*059 

9ao85 

93354 
93379 
93403 
934*8 

9345* 

93477 
935oi 
935*6 
9355° 
93575 

30 
29 
V 
27 
26 

25 
24 
23 
22 

21 

40 
41 
42 
43 
44 
47» 

an 

47 
48 
49 
50 
51 
52 
53 
54 
55 
5fi 
57 
58 

77899 
77934 
^7069 
78004 
78039 
78074 
78109 
78144 
78179 
78113 
78148 
78*83 
78318 
7835* 
78387 

78411 
78456 
78491 

78515 
78560 

78594 

7995* 
79985 
80018 
8005a 
80085 
80118 
8015a 
80185 
80a  1 8 
80251 

81911 
81943 

81975 
81007 
82039 
8ao70 
8a  102 

8a  1 34 
82166 
82198 

83786 
83817 
83847 
83878 
83908 

83939 
83969 
84000 
84030 
84060 

85583 
85613 
85642 

85671 
85700 

85730 

85759 
85788 
85817 
85847 

87309 

87337 
87366 

87394 
874** 
87450 
87478 
87506 

S7524 
8756a 

88969 
88996 
890a  3 
89050 
89077 
89105 
8913a 
89159 
89186 
89*1? 

90568 

90594 
90620 
90646 
90672 

9^98 

907*5 
90751 

90777 
90803 

9a  1 10 

9*135 
9a  1 60 
92186 
92211 

9**36 
92261 
92286 

9*3» 
19*336 

93599 
936a3 
93648 
93672 
93696 
937*i 
93745 
93769 
93794 
93818 

20 
19 
18 
17 
16 

15 
14 
13 
12 
11 

80284 
80317 
80351 
80384 
80417 
80450 
80481 
80516 

80549 
8058a 
80615 

82229 
82261 
8ii93 
81314 
81356 
82387 
82419 

8i45» 
82482 
82514 
82545 

84091 
84121 

84151 
8418a 
84212 
8424a 

84*73 
84303 
84333 
84363 

84393 

85876 
85905 
85934 
85963 
85992 

86021 
86050 
86079 
86 108 

86137 
86166 

87590 
87618 
87646 

87674 
8770a 

87730 

87758 
87786 
87814 
8784a 
878:0 

89a4o 
89267 

89*94 
893*o 
89347 

89374 
89401 
89428 

89455 
89482 
89509 

90829 

90855 
90881 
90907 
90933 
90958 
90984 
91010 
91036 
91062 
91088 

92361 
9*387 
9*4« 
9*437 
92462 

9*487 
9*5« 
9*537 
9*56* 
9*587 
92611 

9384a 
93866 
93891 
93915 
93939 

93963 
93988 
9401a 
94036 
94060 
94084 

10 
9 
8 
7 
6 

6 

4 
3 

2 

1 
0 

// 

89°  Mm    38|89°  37/ 

89°3ff 

80°  35' 

89°  34' 

89°  33' 

80°  ar 

89°  31' 

89°  30J 

// 

Cos 

INK 

TABLE  66 

72» 

LOG.  SINES  OF  SMALL  ARCS  TO  EACH  SECOND 

0 

1 

2 
3 
4 

5 
8 
7 
» 
9 

0330' 

<p3r 

0°32# 

0Q33' 

0°  34' 

0°35' 

o°ao/ 

0°37 

0°38' 

0°  39 

11 

r 

94084 

94108 

9413* 

94157 

94181 

94205 
94229 
94*53 
94*77 
94301 

V 

95508 

9553* 
95555 
95578 
95601 

95625 
95648 
95671 

95695 
95718 

7" 

96887 

96910 

96932 

96955 

96977 

97000 

97022 

97045 
97068 
97090 

r 
98223 

98245 
98267 
98289 
98311 

98333 
98355 
98377 
98398 
98420 

7.99520 

79954' 
7-99562 
7-99584 
7-99605 
7-99626 
7-99647 
7-99669 
7-99690 
799711 

8- 

00779 

00799 

00820 

00841 

00861 

00882 

00903 

00923 

00944 

00964 

8* 

02002 

02022 

02042 

02062 

02082 

02102 

02123 

02143 

02163 

02183 

8- 

03192 

03211 

03231 

03251 

03270 

03290 

03309 

03329 

03348 

03368 

8* 

04350 

04369 

04388 

04407 

04426 

04445 
04464 
04483 
04502 
04521 

8- 

05478 

05497 

©55'5 

05534 

0555* 

0557' 

05589 

05608 

05626 

05645 

oo 

61 
58 
57 
60 

65 
54 
53 
52 
61 

10 
II 
12 
13 
11 
15 
Hi 
17 
18 
l!» 
20 
ill 
22 
23 
24 
2* 

n 

97 
St 
29 

943*5 
94349 
94373 
94397 
944*1 

94445 
94469 

9449* 
94516 

94540 

9574' 
95764 
95787 
95811 

95834 

95857 
95880 

95903 
95926 

95950 

97113 

97«35 
97 '58 
97180 
97202 
97225 

97*47 
97270 
97292 
97315 

98442 
98464 
98486 
98508 
985*9 
98551 
98573 
98595 
98616 
98638 

7-99732 
7*99753 

7*99775 
7-99796 

7-99817 

7-99838 

7-99859 
7-99880 

79990' 

7*999** 

00985 
01006 
01026 
01047 
01067 
01088 
01 108 
01 129 
01149 
01170 

02203 
02223 
02243 
02263 
02283 
02303 

o*3*3 
02343 
02362 
02382 

03387 
03407 
03426 
03446 
03465 
03484 
03504 
035*3 
03543 
03562 

04540 

04559 
04578 

04616 

04635 
04654 
04673 
04692 
04710 

05663 
05682 
05700 
05719 
05737 
05756 
05774 
05792 
05811 
05829 

50 
49 
48 
47 
40 

45 
44 
43 
42 
41 

94564 
94588 
94612 
94636 
94659 
94683 
94707 
9473 1 
94755 
94778 

95973 
95996 
96019 
96042 
96065 

96088 
961 11 
96134 
96157 
96180 

97337 
97359 
97382 

97404 
97426 

97449 
9747' 
97493 
97516 

97538 

98660 
98682 
98703 
987*5 
98747 
98768 
98790 
98812 

98833 
9885; 

7*99943 
7-99965 
7-99986 
8*00007 
8-00028 
8*00049 
8*00070 
8*00091 

8*OOI  12 
80OI33 

01190 

OI21I 
OI23I 
01252 
OI272 
OI293 
0'3«3 

o'333 

OI354 

01374 

02402 
02422 
02442 
02462 
02482 
02502 
02522 
02542 
02561 
02581 

03581 
03601 
03620 
03640 
03659 

03678 
03698 
03717 
03736 
03756 

04729 
04748 
04767 
04786 
04805 

048*4 
04843 
04861 
04880 
04899 

05848 
05866 
05885 

05903 
05921 

05940 
05958 
05976 

05995 
06013 

40 
39 
38 
37 
30 

35 
34 
33 
32 
31 

36 
31 

32 

39 

34 
96 

30 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
40 
49 

94802 
94826 
94849 
94873 
94897 
949*' 
94944 
94968 
94991 
55015 

96203 
96226 
96249 
96272 
96295 
96318 

^3f 
96364 

96386 

96409 

97560 
97583 
97605 
97627 

97649 
97672 
97694 
97716 
97738 
97760 

98876 
98898 
98920 

9894' 
98963 

98984 
99006 
99027 

99049 
99070 

8*00154 
8*OOI75 
8*00196 
8*00217 
8-OO238 
8'00259 
8'00279 
8'00300 
8'00321 
8*00342 

01395 
01415 

01435 
01456 
01476 
01496 
01517 
o'537 
o«557 
01578 

02601 
02621 
02641 
02661 
0268c 
02700 
02720 
02740 
02759 
02779 

03775 
03794 
03813 

03833 
03852 

03871 
03891 
03910 
03929 
03948 

04918 
04937 
04955 
04974 

04993 

05012 
05030 

05049 
05068 

05087 

06031 
06050 
06068 
06086 
06105 
06123 
06141 
06159 
06178 
06196 

30 
29 
28 
27 
20 
25 
24 
23 
22 
21 

95039 
95062 
95086 
95109 

95'33 

95'57 
95180 
95204 
95227 
95*5' 

96432 

96455 
96478 
96501 
96524 
96546 
96569 

9659* 
96615 
96637 

97782 
97805 
97827 
97849 
97871 

97893 
979' 5 
97937 
97959 
9798i 

99092 
99113 

99'35 
99156 
99178 
99199 
99221 
99242 
99264 
99285 

8*00363 
800384 
8*00405 
8*00426 
8*00447 
8*00467 
8-00488 
8*00509 
8*00530 
8*00551 

01598 
01618 
01639 
01659 
01679 
01699 
01720 
01740 
01760 
01780 

02799 
02819 
02838 
02858 
02878 
02898 
02917 
02937 
02957 
02976 

03967 
03987 
04006 
04025 
04044 

04063 
04083 
04102 
0412 1 
04140 

05105 
05124 

05 '43 
05161 
05180 
05199 
05218 
05236 

05*55 
05*74 

06214 
06232 
06251 
06269 
06287 
06305 
06324 
06342 
06360 
06378 

20 
19 
18 
17 
10 

15 
14 
19 
12 
11 

60 
51 
52 
63 
64 
65 
60 
67 
58 
.10 

<;o 

95*74 
95*98. 
953*' 
95344 
95368 

9539' 
954»5 
95438 
95461 

95485 
95508 

96660 
96683 
96706 
96728 
96751 
96774 

96796 
96819 

9684* 
96864 
96887 

98003 
98025 
98048 
98070 
98092 
98 1 14 
98136 
98'57 
98179 
98201 
98223 

993o6 
993*8 
99349 
9937' 
9939* 
994'3 
99435 
9945* 
99477 

9949s 
99520 

8*0057I 
8*00592 
8*00613 
8*00634 
8-00654 
8*00675 
8*00696 
8*00717 
8*00737 
8*00758 
8*00779 

01801 
01821 
01 841 
01861 
01881 
01901 
01922 
01942 
01962 
01982 
02002 

02996 
03016 
03035 
03055 
03074 
03094 
03114 
03133 

03'53 

03172 
03192 

04159 
04178 
04197 
04217 
04236 

<H*55 
04*74 
04293 
04312 
0433' 
04350 

05292 
05311 
05329 
05348 
05367 

05385 
05404 
05422 

05441 
05460 

05478 

06396 
06414 

06433 
06451 
06469 

06487 
06505 
06523 
06541 
06560 
06578 

10 
9 
8 
7 
0 
6 
4 
8 
2 
1 
0 

// 

W  29* 

89°  20' 

89°  27' 

89#20' 

89*  26' 

09°  24' 

89'  23' 

89°  22' 

89°  21' 

89°  99' 

// 

Cosine 

780 

fABLE  66 

LOG.  SINES  OF  SMALL  ARCS  TO  EaCH  SECOND 

JL 

0 
1 

2 

s 

4 
5 
6 
7 
8 
9 

0D40/ 

6°  41' 

0°42' 

0°43 

6°  44' 

(¥°  4T 

<f>4# 

&>4T 

•"48' 

0°4T 

u 

8- 

06578 

06596 

06614 

06632 

06650 

06668 
06686 

06704 
06722 
06740 

8- 

07650 
07668 
07685 

07703 
07721 

0773* 
07756 

07773 
07791 
07809 

8- 

08696 
08714 
08731 

08748 
08765 

08783 
08800 
08817 
08834 
08851 

8* 

09718 

09735 
09752 

09769 
09786 

09802 
09819 
09836 
09853 
09870 

8- 
10717 

>0733 
10750 
10766 
10782 
10799 
108,5 
10832 
10848 
10864 

3- 

11693 

1 1709 
11725 
"741 

"757 

"773 

11805 
11821 
"837 

8- 

12647 

12663 

12679 

12694 

12710 

12726 

12741 

-*757 

i*773 
12788 

8- 

135*1 
13596 
13612 

13627 
13643 
13658 

13673 
13689 

13704 
13719 

3- 

14495 
14510 
H5*5 
14541 
H556 

14571 
145*6 
14601 
14616 
14631 

8- 

15391 
15406 
154*0 

i543< 
i545o 

15465 
15479 
15494 
15509 
155*3 

60 
56 
58 
97 

56 
55 
54 
53 
52 
51 

10 
II 
12 
13 
U 

|.'» 
l« 
17 
18 
10 

06758 
06776 
06794 
06812 
06830 
06848 
06866 
06884 
06902 
06920 

07826 

078*4 
07861 
07879 
07896 

07914 
07932 
07949 
07967 
07984 

08868 
08886 
08903 
08920 
08937 
08954 
08971 
08988 
09006 
090*3 

09886 

09903 
09920 

09937 
09953 
09970 
099*7 
10004 
10020 
10037 

10881 
10897 
10914 
10930 
10946 
10963 
10979 
10995 
11012 
11028 

»*53 
11869 
H885 
11901 
11917 

11933 
11949 
11965 
11981 

»9?7 

12804 
12820 
12835 
12851 
12867 

12882 
12898 
i*9H 
i*9*9 
1*945 

13735 
13750 
'3765 
13781 
13796 
13811 

13**7 
13842 

13857 
13*73 

14646 
14661 
14676 
14691 
14706 

147*1 
H736 
H75I 
14766 
14781 

1553* 
15553 
15568 
1558* 
15597 
1561* 
15626 
15641 
15656 
15670 

50 
49 
46 
47 
46 

45 

44 
43 
42 
41 

20 
21 
22 
23 
24 
25 
26 
27 
28 
211 

06938 
06956 

06974 
06992 
07010 

07028 
07046 
07063 
07081 
07099 

08002 
08019 
08037 
08054 
08072 
08089 
08107 
08124 
08 141 
08159 

09040 
09057 
09074 
09091 
09108 
091*5 
0914* 
09159 
09176 
0910} 

10054 
10070 
10087 
10104 
10120 
10137 
10154 
10170 
10187 
10204 

11044 
11061 
11077 
11093 
11110 

111*6 
11141 
1 1 159 
11175 
11 191 

12013 
12029 

1*045 
12061 

12077 

1*093 
12 109 
1*1*5 
1*141 
1*157 

1296 1 
12976 
1299* 
13007 
130*3 

13039 
13054 
13070 
13085 
13101 

13*** 
13903 
13919 
13934 
13949 
13964 
13980 

13995 
14010 
14025 

14796 
14811 
148*6 

i4*4i 
14856 

14*71 
14886 
14901 

14915 

14930 

15685 
15700 
I57H 
157*9 
15744 

1575* 
15773 
15788 
15802 
15*17 

40 
39 
38 
37 
36 

35 
34 
33 
32 
31 

30 
31 
32 
S3 
34 
35 
36 
37 
3t 
39 

07 1 17 
07135 

07153 
07171 
07189 
07206 
07224 
07*41 
07260 
07278 

08176 
08194 
08211 
082*9 
08246 
08263 
08*81 
08*98 
08316 
o8333 

09210 
09227 

09*44 
09261 
09*78 
09*95 

093 1* 
093*9 

09346 
00J63 

10**0 

10237 

io*54 

10*70 
10*87 

10303 
10320 

10337 
10353 

10370 

11*07 
11224 
11*40 
ii*5« 

11*7* 

11*89 
11305 
113*1 
»337 
»354 

1*17* 
11188 

12*04 
1***0 
1**36 
1*252 
12*68 
12284 
12300 
12315 

i3"7 
1313* 

.3.48 
131*3 
13179 

13194 
13210 

13**5 
13*41 
13256 

14041 
14056 
14071 
14086 
14101 

H117 
14132 

HH7 
14162 
14178 

14945 
14960 
H975 
H990 
15005 

150*0 

15035 
15050 
15065 

15079 

15*3* 
15M 
15861 

15*75 
15890 

15905 
15919 
15934 
1594* 
15963 

30 
29 
28 
27 
26 

25 
24 
23 
22 
21 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
56 
51 
52 
13 
54 
55 
56 
57 
58 
59 
60 

07*95 
073*3 
0733 » 
07349 
07367 

07384 
0740* 
07410 
07438 
o74f« 

08350 
08368 
08385 
08403 
08420 
08437 
08455 
08472 
08489 
08506 

09380 
09397 
094«4 
09431 
0944* 
09465 
0948* 

0949? 
09516 

09533 

10386 
10403 
10420 
10436 
10453 
10469 
10486 
10502 
10519 
10535 

11370 
11386 
1 140* 
11418 
1H35 
1 1451 
11467 
»4*3 
11499 
11515 

12331 

1*347 
1*363 

1*379 
i*395 

1*410 
1*4*6 
i*44* 
i*45* 

1*474 

13272 
13**7 
13303 
13318 

13334 
13349 
133^5 
i33*o 
13396 
11411 

14193 
14*08 
14**3 
14*38 
14*53 
14*69 
14**4 
14*99 
H3H 
143*9 

■5094 
15109 
151*4 
15139 
15154 
15169 
151*3 
15198 

15*13 
15228 

15978 
i|99* 
16007 
160*1 
16036 
16050 
16065 

16079 
16094 
16 109 

20 
19 
18 
17 
16 

15 
14 
13 
12 
11 

07473 
07491 
07509 
07526 
07544 
07561 

07579 
07597 
07615 
07632 
07650 

o*5*4 
08541 
08558 
08576 
o*593 
08610 
086*7 
08645 
08662 
08679 
08696 

09550 
09567 

095*3 
09600 
09617 

09634 

09668 
09685 
09701 
09718 

10552 
10568 
10585 
10601 
10618 
10634 
10651 
10667 
10684 
10700 
10717 

11531 

11548 
1 1564 
1 1580 
11596 
11612 
116*8 

11644 
11660 
11677 
11693 

1*4*9 
1*505 
12521 
1*537 
i*553 
12568 

1*5*4 
12600 
12616 
1263 1 
12647 

134*7 
1344* 
1345* 
13473 
134*9 
13504 
135>9 
13535 
13550 
13566 

i35*i 

14344 
14359 
H375 
14390 
14405 
i44*o 
14435 
144JO 

14465 
i44*o 
14495 

15*43 
15258 

15*7* 
15**7 
1530* 

15317 
1533* 
15346 
15361 
15376 
■5391 

161*3 
16138 
16 1 5* 
16167 
16181 
16196 
16*10 
16225 
16239 
16254 
16268 

16 

9 
8 
7 
6 

6 
4 
3 
2 
1 
0 

// 

89°  19' 

89°  18' 

89°  17' 

89°  !«' 

89°  15' 

89°  14' 

89°  13' 

89°  \* 

89°  ir 

89°  10' 

// 

COSINK 

TABLE   66 


731 


LOG.  8INB8  OF  SMALL  ARCS  TO  EACH  SECOND 

e 

1 
3 
3 
4 
• 
• 
7 
8 
9 

0°  50' 

0°  51' 

•P  5T 

if  rar 

0°  54* 

0°  55' 

0°  bit 

0°  57' 

0°  68' 

0°  50' 

// 

m 

50 

58 
67 
56 
56 
64 
63 
62 
61 

8- 

16168 

16183 

16197 

16311 

1631* 

16340 

16369 
16384 
16398 

8- 

17118 

17141 

17156 

17171 

17««5 

17199 

17113 

17117 

17141 
17156 

17971 
17985 
17999 
18013 
18027 
18041 

&g 

18081 
18096 

8- 

18798 
18811 
18816 
18839 
18853 
18867 
18880 

18894 
18908 
1 891 1 

8- 
19610 

19614 
19637 
19650 
19664 

19677 
19691 

19704 

19717 

19731 

8- 

10407 

10410 

10433 

10446 

20460 

*0473 
20486 
20499 
20511 
20515 

*i  189 
11101 

111IC 

21218 

11*41 

11167 
11280 

*«93 
11306 

8- 

*1958 

11971 

1198J 
11996 
1*009 
11011 
11034 
11047 
22060 
22072 

8- 

22713 
21716 

11738 

11751 
12763 

11776 
11788 
11801 
11811 
22826 

8* 

13456 
23468 
23480 

13491 
23505 

13517 
23529 

13541 
13554 
2356€ 

~rar 
ii 

13 

is 
u 
i* 
it 
17 

18 
19 

16413 
16417 
16441 
16456 
16470 

16485 
16499 
16513 
16528 
16541 

17270 
17284 
17198 
27311 
173*6 

*734<> 

17355 
17369 

>73«3 

17397 

18110 
18114 
18138 
18151 
18166 
18180 

18193 
18107 
18211 
18*35 

18935 
18948 
18961 
18976 
18989 
19003 
19016 
19030 
19044 
19057 

19744 
19757 

19771 

'9784 
19797 
198 1 1 

'98*4 
19837 
19851 
i?864 

20538 
20552 
20565 
20578 
20591 
20604 
20617 
20630 
20643 
20656 

11319 
11331 

"344 

H357 
11370 

*i38j 
11396 
11409 
11422 
"434 

22085 
22098 
22110 
22123 
22136 

22148 
22161 
11173 
11186 
12199 

22838 
22850 
21863 
12875 
21888 

11900 
12913 
22925 

11937 
22950 

*3578 

13590 
23603 

13615 
23627 

13639 
23652 
23664 
23676 
2j688 

50 
40 

48 
47 
48 

45 
44 

43 
43 

41 

20 
11 
32 
23 
24 
35 
26 
27 
2* 
20 

^557 
16571 

16600 
16614 

16618 
16643 
16657 
16671 
16686 

17411 
174*5 
17439 
17453 
17467 
17481 
17495 
17510 
175*4 
17538 

18249 
18263 
18276 
18290 
18304 
18318 
18331 
18345 
18359 
18373 

19071 
19084 
19098 
19111 
19115 

19139 

19166 

19179 
19193 

«9877 
19891 
19904 
19917 
19931 
19944 
19957 
19971 
19984 
19997 

20669 
20682 
20696 
20709 
20721 
20735 

*074* 
10761 

10774 
10787 

21460 

*>47| 

21486 
*i499 
11511 
11524 
*1537 
*i55o 
11563 

22211 
22224 
21137 

12249 
21161 

11174 
11187 
11300 
11311 
11315 

22962 
22975 
22987 
22999 
23012 

13014* 
23037 
23049 
23061 
23074 

23700 
13713 
13715 
13737 
13749 
23761 

13773 
13786 
23798 
23810 

40 
30 
38 

37 
38 

35 
34 
33 
33 
31 

30 
31 
33 
33 
34 
35 
36 
37 
38 
30 

16700 
16715 
j  6719 
'6743 
^757 
16771 
16786 
16800 
16815 
16829 

1755J 
17566 

17580 

17J94 
17608 

17611 
17636 
17650 
17664 
17678 

18387 
18401 
184U 
1841* 
18442 

184J6 
18469 
18483 
18497 
18511 

19206 
19220 
19233 
19147 
19260 

19174 
19187 

193°  i 
19314 
19318 

20010 
20014 
10037 
10050 
10064 
10077 
10090 
10103 
10117 
10130 

10800 
108  it 
20816 
20839 
20852 
20865 
20878 
20891 
20904 
20917 

11576 
21588 

1I0OI 

11614 
21617 

11640 
11651 
11665 
11678 
1169 1 

1*337 
113JO 
22363 

H375 
12388 

21400 

11413 
22425 
22438 
22451 

23086 
23098 
13111 

13113 
23136 

13148 
13160 

13173 
13185 
13'97 

23822 

13846 
13859 
13871 
23881 

13895 
13907 
13919 
13931 

30 
30 
38 
37 
38 
35 
34 
33 
33 
21 

40 
41 
43 
43 
44 
45 
48 
47 
48 
40 

16843 
16858 
16871 
16886 
16900 
16915 
16929 
16943 
^57 
16971 

17691 

17706 
17720 

'7734 
17748 
17762 
17776 

17790 
17804 
17818 

18514 
18538 

.88 

18579 

18593 
18607 
18611 

18634 
18648 

19341 
19355 
19368 

19381. 

19395 

19409 
19421 

19436 
19449 
19463 

10143 
10156 
10170 
10183 
10196 
10209 
20222 
20236 
20149 
10262 

20930 
20943 
20956 
20969 
20982 
20995 
21008 
21021 
21034 
21047 

11703 
11716 
21729 
2174* 

*i754 
21767 
21780 

*1793 
21805 
21818 

22461 
22476 
22488 
22501 
22513 
22526 
11538 
22551 
22561 
22576 

13110 
13111 
13134 
13H7 
*3i59 
1317' 
13184 
13196 
13308 
23321 

13944 
13956 
23968 
23980 
13991 
24004 
24016 
24028 
24041 
14053 

20 
19 
18 
17 
18 

15 
14 
13 
13 
11 

50 
51 
58 
53 
54 

55 
58 

67 
58 
50 
80 

16986 

17000 
•  70 14 
17019 
17043 
17057 
17071 
17085 
17100 

171 14 
17128 

1783* 
17846 
17860 
17874 
17888 

17901 

17916 

17930 

17943 
17957 
17971 

18662 
18675 
18689 
18701 
18716 

18730 
18744 

18757 
18771 
1878$ 
18798 

19476 

19489 
19503 
19516 
19530 

19543 
19557 
19570 
19583 
'9597 
19610 

20275 
20288 
20302 
2031? 
20328 
20341 

*°354 
10368 
10381 
10394 
10407 

21060 
21073 
21086 
21099 
21112 
2 1 125 
21138 
21151 
11164 
21177 
21189 

21831 

21844 
21856 
21869 
21882 
21895 
11907 
11920 

"933 
*'945 
21958 

22588 
22601 
22613 
22626 
22638 
22651 
22663 
22676 
22688 
22701 
11713 

13333 
13345 
13357 
13370 
23382 

13394 
23407 

23419 
13431 
13443 
1345* 

24065 
24077 
14089 
14101 
24113 

24125 
14137 
24149 
24161 

14173 
24186 

10 
0 
8 
7 

8 

5 
4 
3 
2 
1 
0 

// 

wr  & 

80°  8' 

80°  r 

80°  r 

80°  5' 

80°  4' 

89  3' 

80°  3* 

80°  1' 

80°  0' 

// 

Cosine 

«2 

TABLE  66 

LOG.  SINES  OP  SMALL  ARCS  TO  EACH  SECOND 

// 

1°  0* 

1°  I' 

1°* 

1°  3' 

1°  4' 

1°  6' 

1°  * 

\°r 

1°  8' 

rr|" 

0 
1 
2 
3 

4 
6 
6 

7 
6 
0 

8 

*4i*55 
141976 
141097 
141117 
14133* 
141458 
*4*$7* 
141699 
141819 
241940 

8- 

H9033 
149151 
149170 

149389 
149507 
149616 
H9744 
149863 
149981 
150100 

8- 

156094 
156111 
1*6318 

156444 
156561 

156678 

156794 
15691 1 

157017 
157144 

8- 

163041 

163157 

163171 

163387 

163501 

163616 
163731 
163846 
163960 
264075 

8 

169881 
169994 
170107 
170110 
170333 
170446 

170559 
170671 
170785 
170898 

8* 
176614 

176715 
176836 
176948 

177059 
177170 
177181 
177391 
177503 
177615 

8* 

183143 

183353 

183463 

i8357i 

183681 

183791 
183901 
184010 
184110 
184119 

8- 

18V773 
189881 
189989 
190097 
190205 
190313 
190411 
190519 
190637 
190745 

8- 

296207 

196313 

196410 

196516 

196631 

196739 
196845 
196951 
197057 
197164 

3- 

301546 
30165 1 
30*756 
301861 
301965 
303070 

JOJ175 
303180 

3033«4 
3©34«9 

00 
59 
58 

57 
56 

55 
64 
53 
42 
51 

10 
II 
12 
IS 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
37 
28 
29 

143060 
*43>*o 
143300 
*434»« 
H354« 
243661 
143781 
H390I 
244011 

M414I 

150118 
150336 
150455 
i5o}73 
150691 

150809 
150917 
151045 
151164 
151181 

157160 

157376 

157493 
157609 

157715 
157841 
157958 
158074 
158190 
158307 

164190 
164304 
164419 

164648 
164761 

iM77 
164991 
165105 
165110 

171010 

171113 
171136 

171349 
171461 

171574 
171687 

171799 
171911 

171014 

177716 
177837 
177948 
178059 
178170 
178181 

178391 

178501 
178613 

178724 

184339 
184448 
184557 
184667 

184776 

184885 
184994 
185104 

185113 
185311 

190851 
190960 
191068 
191175 
191183 

19139! 
191498 
291606 

191713 
291821 

197170 
197376 
197481 
197588 
197694 

197800 
197906 
198011 
198118 
198114 

1*3594 
303693 
303803 

303907 
304011 

304117 
304m 
304315 
304430 

304534 

59 
49 
48 
47 
46 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 

244261 
144381 
244501 
244611 

M4741 

144*6* 
144980 
245100 
145110 
H5339 

251400 
151518 
151636 

151754 
151871 

151989 

151107 

151115 
151343 
151460 

158413 
158539 
158655 
158771 

158887 
159003 
159119 
159135 
159351 
159466 

165334 
165448 
165561 
165677 
165791 

165905 
166019 
166133 
166147 
166361 

172137 
171249 
272361 

17M74 
171587 

171699 
171811 

1719H 
173036 

173148 

178835 
278946 
179056 
179167 
179178 
179388 

179499 
179610 

179710 

179831 

185431 
185540 
185649 
185758 
185867 

185976 
186085 
186194 
186303 
186411 

291918 
292036 
292143 
292251 
191358 
191466 

191573 
191680 
191787 
191895 

198330 
198436 
298541 
298648 
198754 
198859 
198965 
199071 

199177 
190181 

304639 
304743 
304847 
304951 
305056 

305160 

305165 
305369 

305473 
305577 

30 
31 
32 
33 
34 
36 
38 
37 
38 
39 

H5459 

2$ 

145818 
H5937 
146057 
146176 
146196 
246415 
H6534 

151578 
151696 
151813 
151931 
153049 
153166 

153184 
153401 

153519 
153636 

159581 
159698 
159814 

159919 
160045 

160161 
160176 
160391 
160508 
160613 

166475 
166589 
166703 
166817 
166931 

167045 
167158 
167171 
167386 
167500 

173160 
*73373 
173485 
173597 
173709 
173811 
173933 
*74045 
*74i57 
174169 

179941 
180051 

180161 

180171 
180383 

£g? 

180714 
180814 
180934 

186511 
186619 
186738 
186847 
186956 

187064 

187173 
187181 
187390 
187499 

293001 
193109 
193116 
1933H 
193431 
193538 
193645 
1S3751 
193859 
193966 

199388 
199494 
199599 
199705 
199810 

199916 
300011 
300117 
300131 
300338 

305681 

3057*5 
305890 

305994 
306098 

30610a 
306306 
30641c 
306514 
306618 

HI 
29 
28 
27 
26 
26 
24 
23 
22 
21 

40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

246654 

146773 
146891 

24701 1 
147131 
247150 
147369 
247488 
247607 
247726 

153753 
153871 
153988 
154105 
154113 

154340 
154457 
154574 
154691 
254808 

160739 
160854 

160970 
161085 
161100 
161316 

161431 
1615x6 
261661 

161777 

167613 

167717 
167841 

tarn 

168181 
168195 
168408 
168511 
iisl„ 

174381 
174493 
174605 

174717 
174818 

i7494o 

175051 
175164 

175175 
175387 

181045 
181155 
181265 
181375 
181485 
181595 
181705 
181815 
181925 
281035 

187608 
187716 
187815 

187933 
188041 

188150 
188159 
188367 

188475 
188584 

194073 
194180 
194187 
194394 
i945oo 
194607 
194714 
194811 
194918 
195034 

300443 

300549 
300654 

300759 
300865 

300970 
301075 
301180 
301186 
301391 

306711 
306815 
306919 
307033 
307137 
307141 
307344 
307448 
307551 
307655 

20 
19 
18 
17 
16 

15 
14 
13 
12 
11 

60 
51 
62 
63 
64 
55 
50 
57 
58 
69 
60 

147845 
H7964 
248083 
248101 
148311 
148440 
148558 
248677 
248796 
248914 
249033 

154915 
155041 

155159 
155176 

155393 
155510 
255617 

155744 
155861 
155978 
156094 

161891 
161007 
161121 

161137 
161353 

162468 
161583 
162698 
262813 
162927 
263041 

168749 
168861 
168975 
169089 
169101 

169315 
169418 
169541 
16965c 
169768 
169881 

175499 
175610 

175711 
175833 
175945 

176057 
176168 
176179 
176391 
176501 
176614 

181145 
181155 
282365 
181475 
181585 

181695 
181805 
181914 

183014 
183134 
183243 

188691 
188800 
188908 
189017 
189115 
189133 
189341 
189449 
189557 
189665 

189773 

195H1 
195248 

195354 
195461 
195568 

195674 
195781 

195887 
195994 
296100 
196107 

301496 
301601 
301706 
301811 
301916 
30101I 
301116 
301131 
301336 
301441 
301546 

307759 
307863 
307966 
308070 
308173 

308177 
308380 
308484 
308587 
308691 

3o8794 

10 
9 

6 

7 
6 

6 

4 
3 
2 

0 

/fl 

88°  otf 

88°  68- 

88°  57' 

88°  56* 

88°  55' 

88°  54' 

883  53* 

88'  52* 

88°  61'|88°  5tf 

// 

CottNB                                         | 

TABLE  6« 

73S 

LOG.  SINES  OF  SMALL  ARCS  TO  EACH  SECOND 

7 

1°  W 

\°  XV 

1°  1* 

1°  13' 

1°  14' 

1°  15' 

1°  16* 

1°  \T 

1°  187 

1°  19* 

// 

0 

1 

2 
3 

4 

5 
* 
7 
8 
9 

308794 
308898 
309001 
309 ro4 
309108 
3093 1 1 
309414 
3°95«7 
309610 

309714 

314954 
315056 

315157 

315*59 
315361 

315463 
315565 
315667 
315768 
315870 

8- 

321027 

321127 

321228 

321318 

311429 

3*15*9 
311630 
311730 
311830 
311931 

8- 

327016 

3*7H5 
327215 

3*73H 
3*7413 
327512 
327611 
3*77io 
3*7809 
327908 

8- 

33*9*4 
333022 
333120 
333*i8 
333315 
333413 
3335" 
3336o8 
333^06 
333804 

8- 

338753 
338849 
338946 
33904* 
339139 
339*35 
33933* 
3394*8 

3395*4 
339621 

8- 

344504 
344600 

344695 
344790 
344885 
34498o 
345075 
345170 
345*65 
345361 

8- 
350181 

350175 
350368 
350462 
350556 
350650 
350744 
350838 
350932 
351026 

8- 

355783 

355876 

355969 
356062 

356i54 
356247 
356340 
35643* 
3565*5 
356618 

8- 

361315 

361407 

361498 

361590 

361681 

161773 

361864 

361956 

362047 

362139 

60 
59 
58 
57 
56 

55 
54 
53 
52 
51 

10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 

309817 
309930 
310033 
310136 
310139 
310341 

310445 
310548 
310651 
310754 

31597* 

316073 

316175 
316177 
316378 
316480 

316581 
316683 
316785 
316886 

312031 
322131 
322231 
322332 
322432 

3**53* 
322632 

3**73* 
322831 
322932 

328007 
328106 
328204 

3*8303 
328402 

328501 
328600 
328698 

3*8797 
328896 

3339oi 
333999 
334096 
334194 
334*91 

334389 
334486 
334584 
33468i 

334779 

339717 
339813 
339909 
340006 
340102 
340198 

340*94 
340390 
340486 
34058* 

345456 

345551 
345646 

345740 
345835 
345930 
346025 
346120 
346215 
346310 

351119 

35i*i3 
351307 
351401 
351494 
351588 
351682 

$51775 
351869 

351963 

356710 
356803 
356895 
356988 
357o8o 

357173 
357*65 
357358 
35745° 
357543 

362230 
362321 
362413 
362504 
362596 
362687 
362778 
362870 
362961 
363052 

56 
49 
48 
47 
46 
45 
44 
43 
42 
41 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

310857 
3 10960 
3 1 1063 
311166 
311168 

3"37i 
3 1 1474 

3"577 
311679 
311781 

316987 

317089 
317190 
317*9* 
317393 
317494 
317596 
317697 

317798 
317900 

3*3033 
3*3133 
3*3*33 
3*3333 
3*3433 

3*3533 
323632 

3*373* 
323832 

3*393* 

328995 
3*9093 
3*919* 
329291 

3*9389 
3*9488 
3*9586 
329685 

3*9783 
329882 

334876 
334973 
335071 
335168 

335*65 
33536i 
33546o 
335557 
335654 
335751 

340679 

340775 
340871 
340967 
341063 

34"59 
341*55 
341350 
341446 
34154* 

346405 
346499 

346594 
346689 

346784 
346878 
346973 
347068 
347162 
347*57 

35*056 
35*150 
35**43 
35*337 
35*430 

35*5*4 
352617 

35*7" 
35*8o4 
35*898 

357635 
3577*8 
3578io 

35791* 
358005 

358097 
358189 
358181 

358374 
358466 

363H3 
363*34 
363326 

363417 
363508 

363599 
363690 
363781 
363872 
363963 

40 
39 
38 
37 
36 

35 
34 
33 
32 
31 

30 
31 
32 
33 
34 
35 
36 
87 
38 
39 

311885 
311987 
311090 

3«i93 
311195 

311398 
311500 
311603 
311705 
311808 

3 1 8001 
318101 
318103 

318304 
318406 

318507 
318608 
318709 
318810 
318911 

324032 
324132 
3*4*3* 
3*433i 
3*443i 

3*453i 
324630 

3*473o 
324830 
324929 

329980 
330079 

330177 
330276 

330374 
330472 

330571 
330669 

330767 
330866 

335848 
335946 
336043 
336140 

336i37 
336334 
336431 
336528 
336625 
336722 

341638 
341734 
341830 
341926 
342021 

34*"7 
342213 
342309 
342404 
342500 

34735* 
347446 
347541 
347635 
347730 

347814 
347919 
348013 
348108 
348202 

352991 
353084 
353178 
353*7i 
353364 
353458 
353551 
353644 
353737 
353831 

358558 
358650 
358741 
358835 
3589*7 
359019 
359111 
359103 
359*95 
359387 

364055 
364146 
364237 
364328 
364419 
364509 
3646C0 
364691 
364782 
364873 

30 
29 
28 
27 
26 

25 
21 
23 
22 
21 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

311910 
313013 

3i3"5 
313117 
313310 

3134** 

\\\n 

313719 
313831 

319011 

3i9"3 
319114 

319315 
319416 

319516 
319617 
319718 
319819 
319910 

325029 
325129 
325228 
325328 
3*54*7 

325626 
325726 
325825 
3*59*4 

330964 
331062 
331160 

33«59 
331357 

33H55 
331553 
331651 
331749 

331847 

336819 
336916 
337013 
337109 
337206 

337303 
337400 
337497 
337593 
3376oo 

34*596 
34*691 
34*787 
342882 

34*978 

343074 
343169 
343*65 
34336o 
343456 

348*97 
348391 
348485 
348580 
348674 
348768 
348863 

348957 
349051 

349145 

3539*4 
354017 
354110 

354*03 
354*96 

354389 
354483 
354576 
354669 
354762 

359479 
359571 
359663 

359755 
359847 

359939 
360031 
360111 
360214 
360306 

364964 
365055 
365146 

365*36 
3653*7 
365418 
365509 
3f5599 
365690 

365781 

20 
l!> 
18 
17 
16 

15 
14 
13 
12 
11 

50 
51 
52 
53 
54 
55 
56 
57 
5R 
59 
60 

313933 
314035 
3*4137 
314*39 
31434* 

314444 
314546 
314648 
314750 
31485* 
314954 

310011 
310111 
310111 
310313 
3*04*3 

3*05*4 
310625 
310725 
310816 
310916 
311017 

326014 
316113 

3*6**3 
316322 
316411 
316510 
316620 
326719 
326818 
326917 
327016 

331945 
33*043 
33*H» 
33**39 
33*337 

33*435 
33*533 
332631 

33*7*9 
33*8*6 
3^9*4 

337787 
337884 
33798o 
338077 
338174 
338270 
338367 
338463 
338560 
338656 
338753 

343551 
343646 
34374* 
343837 
343933 
344028 
344i*3 
344*19 
3443H 
344409 

344504 

349*40 
349334 
3494*8 

3495** 
349616 

349710 
349804 
349898 

349993 
350087 
350181 

354855 
354948 
355041 
355133 
355226 

355319 
35541* 
355505 
355598 
355691 
355783 

360398 
360490 
360582 
360673 
360765 
360857 
360948 
361040 
361132 
361223 
361315 

365871 
365962 
366053 
366143 
366134 

366324 

366415 
366505 
366^96 
366686 

366777 

10 
9 
6 

7 
6 

5 
4 
3 
2 
1 
0 
// 

ft 

88°  4r 

88°  48/ 

88°  Af 

88°  46* 

88°  45' 

88°  44' 

88°  43' 

88'  42' 

88°  41' 

88°  40' 

CotlNS 
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TABLE  66 

LOG.  SINKS  OF  SMALL  ARCS  TO  EACH  SECOND 

tt 

1°  w 

1°21' 

1°  2T 

1°23' 

r  24' 

1°  25' 

1°  2ff 

1°  27' 

1°  2IT 

i°  «r 

it 

9 
1 

2 
3 
4 
• 
• 
7 
9 
9 

8- 

366777 
366867 

,66958 

367048 
36-139 
367219 

3673 «9 
367410 
367500 
367590 

8- 

37*i7« 
37**60 
37*350 

37*439 
372518 

371617 
37*707 
37*796 
37*885 

37*974 

8 

377499 
377J87 
377575 
377763 
37785* 
377940 
378028 
378116 
378104 
378191 

8" 

381761 

381849 

382936 

3830*4 

383m 

383198 

383*85 

38337* 

38345? 

383546 

8- 

387961 

388048 

388134 
388111 
388307 

388393 
388479 
388565 
388651 

388737 

8- 

393ioi 

393186 

393*71 

393356 

393441 

3935*6 
393611 
393696 
39378i 
393866 

8- 

398179 
398*61 
398148 

39843* 
398516 

398600 
398684 
398768 
398852 
398936 

8- 

403199 

403282 

403365 
403448 

40353* 

403615 
403698 
403781 
403864 
403947 

8- 

408161 

408244 

408326 

408408 

408490 

408572 

408654 

4o8737 
408819 
408901 

8- 
413068 

413149 
413130 

413311 
413393 
413474 

413636 
413718 
413799 

69 
59 
58 

57 
56 

65 
64 
53 
62 

61 

10 
II 
12 
13 
14 
15 
10 
17 
18 
19 

367681 

367771 
367861 

36795« 
368041 

368131 
368211 
368312 
368402 
368492 

373063 
373153 

373*4* 
373331 
3734*o 

373509 
373598 
373687 
373776 
373865 

378380 
378469 
378?57 
378645 

378733 
378821 
378909 
378997 
379084 
37917* 

383633 
3837*o 
383807 
383894 
383981 
384068 

384155 
384141 

3843*9 
384415 

388813 
388009 

388995 
389081 

389167 

389*53 
389338 
3894*4 
3895io 
389596 

393951 
394036 

394i*i 
394*o6 

394*9 « 
394376 
394461 
394546 
394631 
394715 

3990*o 
399104 
399188 
399171 
399356 
399440 
3995*4 
399607 
399691 
399775 

404030 
404113 
404196 

404*79 
404361 

404445 
404518 
404611 
404694 

404777 

408983 
409065 

409147 
409229 

409311 
409393 
409475 
409557 

409639 
409711 

413880 
413961 
41404* 
4Hl*3 
414204 

414*86 
414367 
414448 

4145*V 
4146 10 

50 
49 
48 
47 
49 

45 

44 
43 

42 
41 

90 
21 
22 
23 
94 
25 
26 
27 
28 
29 

368581 
368671 
368763 
368853 
368943 
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400110 
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380401 
380489 

380577 
380664 
380751 
380840 
380917 

385370 
385457 

385630 
385716 
385803 
385890 
385976 
386063 
386149 

390539 
390625 
3907IO 
390796 
390882 
390967 

391053 
39"38 
391**4 
391309 

395647 
39573* 
395817 
395901 
395986 

396070 

396i55 
396240 

3963*4 
396409 

400696 
400780 
400864 
400947 
40103 1 

401115 
401198 
401182 
401365 
401449 

405687 
405770 
405853 
405935 
406018 

406101 
406183 
406266 
406348 
406431 

41062 1 
410703 
410785 
410867 
410948 
411030 
411112 
411193 
4i'*75 
4H357 

415500 
415581 
415661 

415743 
415823 

415904 
415985 
416066 
416146 

416117 

30 
29 
28 
27 
26 

25 
24 
23 
?2 
21 

40 
41 
42 
43 
44 
41 
40 

47 

48 
49 

370380 
370470 
370560 
370649 
370739 
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376i73 
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386582 

386668 
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391651 
391736 
391822 
391907 
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392163 

396578 

396662 

396746 
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396915 
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397084 
397168 

397*53 

401532 
401616 
401699 
401783 
401866 
401950 
402033 
402116 
402200 
402183 

406514 
406596 
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406761 
406844 
406926 
407009 
407091 
407173 
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411438 
411520 
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411683 
4H765 
411846 
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416308 
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37«635 
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381889 
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382064 
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387617 
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463665 
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6  469  445 
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88  29 
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88  24 
88  23 
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1  45 
1  40 

1  47 
1  48 
1  49 

463665 
467985 
472263 

47^49* 
480693 
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488963 
493040 
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501080 

464388 
468701 
472971 
477200 
481388 

4*5536 
489645 

493715 
49774* 
501743 

465x10 
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473679 
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482083 
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4903*6 
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50*405 
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470129 
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4**776 
486910 
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495064 
499084 
503067 
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470841 
475091 
479*99 
4*3467 
4*7596 
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499750 
5037*7 

467268 
471553 
475795 
479997 
484158 

488280 

49*363 
496408 
500416 
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472263 
476498 
480693 
4*4*4* 
488963 
493040 
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501080 

505045 
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3  212  202 
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88  17 
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1  66 
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1  68 
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505045 
508974 
512867 
516726 
520551 

5*4343 
52810a 
531828 

535$;i 
$30186 

50570* 
5096*5 
513513 
517366 
521186 

5*497* 
528725 

53*446 
536136 

539794 

506358 
510275 
5'4'57 
5x8005 
52x8x9 

5*5599 
5*9347 
533063 

536747 
540401 

507014 
510925 
514801 
518643 
5**45 « 
526226 

5*9969 
553679 

53735* 
541007 

507668 
5»573 
515444 
519280 
523083 
526852 
530590 
534*95 
537969 
541612 

508311 
512221 
516086 
519916 
5*3713 
5*7477 
53«o9 
534909 
53*57* 
542*16 

508974 
512867 
516726 
520551 
5*4343 
52810* 
531828 
5355*3 
5391*6 
54**19 

6r  67 
1"  64  6a 

2  129  123 

3  193  185 

4  257  246 
6  321  308 

6  386  370 

7  450  43 ■ 

8  514  493 
•  579  554 

88  9 
88  8 
88  7 
88  8 
88  6 
88  4 
88  3 
88  2 
88  1 
88  0 

3  0 

3  1 
3  3 
3  3 
2  4 
2  6 

2  8 

3  7 

2  8 

3  t 

542819 
546422 
549995 
553539 
557054 
560540 
563999 

56743' 
570836 

574*14 

5434** 
547019 
5505*7 
554126 

557637 
561 1 19 

564573 
568000 

57>40i 

574774 

5476j6 
55»79 
5547«3 
558219 

561696 
565146 
568569 
57«965 

575334 

5446*4 
548*1* 
55»77o 
555300 
558801 
562273 
5657>9 
569 1 37 
57*5*8 
575*93 

545**4 

54**o7 
55*361 

555**5 
5593*i 
562849 
566290 
569704 
573091 
576451 

545**3 
549401 
55*950 
556470 
559961 

5634*5 
566861 

570270 

573653 
577009 

546421 
549995 
553539 
557054 
560540 
563999 
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570836 
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577566 

*    T 
l"  59  57 
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5  295  284 

6  355  340 
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8  473  454 
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87  69 
87  68 
87  67 
87  66 
87  66 
87  64 
87  63 
87  62 
87  61 
87  50 

3  10 
3  11 

3  13 
3  13 
2  14 
2  16 

2  18 

3  17 
2  18 
2  10 

577566 
580892 

5*4193 
587469 
590721 
.593948 

597" 5* 
600332 
603489 
606623 

5781** 
5* '444 
5*4741 
588013 
59x260 

5944*4 
597683 
600859 
604012 
607x43 

578678 
581995 
585288 
588556 
59 * 799 
595019 
598214 
601387 
604536 
607662 

579232 
582546 

5*5*34 
589098 

59*33* 
595553 
59*745 
601913 

605058 
608181 

579786 
583096 
586380 
589640 
59**75 
596086 

599*74 
602439 
605580 
608699 

580340 

5*3645 
586925 

590i*i 

59341* 

5966x9 
599803 
602964 
606102 
.6092x7 

580892 
5*4193 
5*7469 
590721 

59394* 

59715* 
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603489 
606623 
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2  109  105 

3  164  158 
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2  28 
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618937 
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62794* 
6309 1 1 
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636776 

639680 
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613336 
616400 
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622464 

625464 

6**444 
631403 

63434* 
63726* 

640162 

610766 

616909 

619947 
622965 

625962 
628938 
631894 
634*30 

637746 
640643 

61128* 
614360 
617417 
620452 
6*3466 
626459 
629432 
63*385 

6353»7 
638230 

641124 
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6 1487 1 
617924 
620956 
623966 
626956 
629926 
632875 
635804 
63*714 
641604 

612310 

6i53*i 
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624466 

6*7453 
630419 

633365 
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639197 
642084 
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6*794* 
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636776 
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LOG.  SINES  OF  SMALL  ARCS  TO  TEN  SECONDS 
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645428 
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9* 
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648747 
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3  142 
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651571 

652040 
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4  190 
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654377 
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655308 

655773 
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656702 
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87  34 
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657165 

657628 

658090 

658552 

659014 

659475 
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87  23 
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659935 
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660855 

661314 

661772 

662230 
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3  38 

662230 

662688 

663145 
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664058 
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664968 
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«7  21 

3  30 
3  40 
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6654*3 

665877 

666331 

666784 

667237 

667689 

9  427 
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667689 

668141 

668592 

669043 

669494 

669944 

670393 
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3  41 

670393 

670842 

671291 

671739 

672187 

672634 

673080 

l"45 

43 

87  18 
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673080 

673527 

673972 
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674863 

675307 
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86 
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676638 

677080 
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677964 

678405 
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2  44 

678405 

678846 

679286 
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681043 
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682356 

682793 
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683665 
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6  267 
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688432 

688863 
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690581 
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691438 
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2  49 
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692293 
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693572 

693998 
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693998 

6944*3 

694848 
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695696 
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37* 
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698232 
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699073 
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4> 
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701589 

2  84 

82 
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2  53 
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702841 
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703674 

704090 
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2  54 
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705749 
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706577 
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2  55 
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7H5C7 
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3  57 

711507 
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71*731 

7I3U9 

713546 

71395* 
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285 
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2  58 

7«39$* 

7«435* 
716787 

7H764 
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715574 

715979 

716383 

8  335 
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718398 
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730297 
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86  55 
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731079 

731469 

731859 

732249 

732638 

733027 
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86  54 
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733027 
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733804 

73419* 

734579 

734967 

735354 

6  238 
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86  53 

3  7 

735354 

735740 

736126 
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736898 

737*83 

737667 

7  *77 
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86  52 

3  8 

737667 
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738436 
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739203 
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739969 
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740734 
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741497 
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9  356 

347 
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744157 

744536 
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86  49 
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744536 

744914 
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746048 
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746802 
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37 

86  48 
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746802 

747178 
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74793* 

748305 

748680 

749055 
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73 

86  47 

3  13 

749055 
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749804 

750178 

750551 
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751*97 

3  113 

110 

86  46 

3  14 

751*97 

751670 

752042 

75*414 

75*786 

753157 

7535*8 

4  150 

146 

86  45 

3  15 

7535** 

753898 

754*69 

754639 

755oo8 

755378 

755747 

5  188 

»»? 

86  44 

3  16 

755747 

756116 

756484 

756852 

757**o 

757587 

757955 

6  226 

220 

86  43 

3  17 

757955 

758321 

758688 

759054 

759420 

759786 

7601 5 1 

7  263 

256 

86  42 

3  18 

760151 

760516 

760881 

761245 

761609 

761973 

762337 

8  301 

293 

86  41 

3  19 

76*337 

762700 

763063 

763425 

763787 

764149 

764511 

9   338 

3*9 

86  40 

3  20 

76451 1 

76487* 

765*34 

765594 

765955 

766315 

766675 

22' 

27 

86  39 

3  21 

766675 

767034 

767394 

767752 

7681 11 

768469 

768828 

1"  36 

35 

86  38 

3  22 

768828 

76918? 
771326 

769543 

769900 

770*57 

770613 

770970 

2  71 

70 

86  37 

3  23 

770970 

771681 

772037 
774163 

772392 

77*747 

773101 

3  107 

105 

86  36 

3  24 

773101 

773456 

7738io 

774517 

774870 

775**3 

4  143 

»39 

86  35 

8  25 

775**3 

775575 

775927 

776*79 

776631 

776982 

777333 

5  178 

174 

86  34 

2  26 

777333 

777684 

778035 

778385 

778735 

779085 

779434 

6  214  209 

86  33 

3  27 

779434 

779783 

780132 

780480 

780829 

78n77 

781524 

7  250  244 

86  32 

3  28 

781524 

781872 

782219 

782566 
784641 

782912 

783*59 

783605 

8  286 

*78 

86  31 

3  29 

783605 

783951 

784296 

784986 

785331 

785675 

9  321 

313 

86  30 

3  30 

785675 

786019 

786363 

786707 

787050 

787393 

787736 

86  29 

6  V 

60"     50" 

40" 

30" 

20" 

10" 

0" 

Parts 

O   / 

- 

COSINI 

TABLE  07 


737 


LOG.  SINES  OF  SMALL  ARCS  TO  TEN  SECONDS 

O  1 

(V 

10" 

20" 

30" 

40" 

50" 

60" 

Parts 

O  / 

3  30 
3  31 
3  32 
3  33 
3  34 
3  3d 
3  30 
3  37 

3  :w» 

3  3!J 

8- 

785675 

787736 

789787 

791828 

793859 

795881 

797894 

799897 
801892 
803876 

8- 

786019 

788078 

790128 

792167 

794197 

796218 
798229 
800230 
802223 
804206 

8- 

786363 

788421 

790468 

792506 

794534 

796553 

798563 

800563 

802554 

804536 

786707 
788762 
790808 
792845 
794871 
796889 

798897 
800896 
80288 < 
804866 

8- 

787050 

789104 

79"49 

793183 

795208 

797**4 
799*3' 
801228 
803216 
805195 
807165 
809126 
811078 
8 1 302 1 
814956 
816882 
818799 
820708 
822609 
824501 

8- 

787393 

789446 

791488 

7935*i 

795545 

797559 

799564 

801560 

802546 

8055*4 

8- 

787736 
789787 
791828 

793859 
79588i 

797894 
799897 
801892 
803876 
805852 

32  37' 

l"  34  33 

2  68  66 

3  102  lOO 

4  136  133 

5  170  166 

6  204  199 

7  238  232 

8  272  266 

9  306  299 

86  29 
86  28 
86  27 
86  26 
80  25 
86  24 
86  23 
86  22 
86  21 
m  20 

3  40 
3  41 
3  42 
3  43 
3  44 
3  45 
3  46 
3  47 
3  48 
3  49 

805852 
807819 
809777 
811726 
813667 
815599 
817522 
819436 
821343 
823240 

806 18 1 
808146 
810103 
812050 
813989 
815920 
8178^1 

819755 
821659 
823556 

806509 
808473 
8 10428 
812374 
814312 
816241 
818161 
820073 
821976 
823871 

806837 
808799 
810753 
812698 
814634 
816561 
818480 
820390 
822292 
824186 

807492 
809451 
8 11402 

8i3344 
815277 

817202 
819118 
821025 
822925 
824816 

807819 

809777 
811726 
813667 
815599 
817522 
819436 
821343 
813240 
825130 

42'  47' 
1"  3*  3* 

2  65  64 

3  97  95 

4  130  127 

5  162  159 

6  195  191 

7  228  223 

8  261  254 

9  293  286 

86  19 
86  18 
86  17 
86  16 
86  15 
86  14 
86  13 
86  12 
86  11 
86  10 

3  50 
3  51 
3  52 
3  53 
3  54 
3  56 
3  56 
3  57 
3  58 
3  59 

825130 
82701 1 
828884 
830749 
832607 
834456 
836297 
838130 
839956 
841774 

825444 
827324 
829196 
831060 
832915 

834763 
836603 
838435 
840260 
842076 

825758 
827637 
829507 
831369 
833224 
835070 
836909 
838740 
840563 
84"-37* 

826072 

8*7949 
829818 
831679 
83353* 

835377 
837215 
839044 
840866 
842680 

826385 
828261 
830129 
831988 
833840 

835684 
837520 
839348 
841 169 
842982 

826698 

828573 
830439 
832298 
834H8 
835991 
837825 
839652 
84H7* 
843*83 

827011 
828884 

830749 
832607 

834456 

836*97 
838130 
839956 
841774 
843585 

62/  57' 
I"   31  30 

2  62  61 

3  93  91 

4  124  122 

5  155  152 

6  187  182 

7  218  213 

8  249  243 

9  280  274 

86  9 
86  8 
86  7 
86  6 
86  5 
86  4 
86  3 
86  2 
86  1 
86  0 

4  0 
4  1 
4  2 
4  3 
4  4 
4  5 
4  6 
4  7 
4  8 
4  9 

843585 
845387 
847183 
848971 
850751 

85*5*5 
854291 

856049 

857801 

859546 

843886 
845687 
847481 
849268 
851047 

852819 

854584 
856342 
858092 
859836 

844186 

845987 
847780 

849565 
851343 
853114 
854878 
856634 
858383 
860126 

844487 
846*86 
848078 
849862 
851639 

8534o8 
855171 
856926 

858674 
860415 

844787 
846585 
M376 
850159 
851934 
853703 
855464 
857218 
858965 
860705 

845087 
846884 

848673 
850455 
852229 

853997 
855757 
857510 

859*55 
860994 

845387 
847183 
848971 
850751 

85*5*5 
854291 
856049 
857801 
859546 
861283 

1"  30  29 

2  60  58 

3  89  88 

4  119  117 

1  149  146 

6  179  175 

7  209  204 

8  238  234 

9  268  263 

85  59 
85  58 
85  57 
85  56 
85  55 

85  54 
85  53 
85  52 
85  51 
85  50 

4  10 
4  11 
4  12 
4  13 
4  14 
4  15 
4  1G 
4  17 
4  18 
4  19 

861283 
863014 
864738 
866455 
868165 
869868 
87x565 
873*55 
874938 
876615 

861572 
863302 
865024 
866740 
868449 
870151 
871847 
873536 
875218 
876894 

861861 
863589 
865311 
867025 
868733 
870434 
872129 

873817 
875498 

877172 

862 149 

863877 
865597 
867310 
869017 
870717 
872410 
874097 
875777 
87745» 

862438 
864164 
865883 
867595 
869301 
871000 
872692 
874378 
876057 

8777*9 

862726 
864451 
866169 
867880 
869585 

871282 
872973 
874658 
876336 

878007 

863014 
864738 
866455 
868165 
869868 
871565 

873*55 
874938 
876615 
878285 

\t   17' 

1"  30  28 

2  57  56 

3  86  84 

4  114  112 

5  143  140 

6  172  169 

7  200  197 

8  229  225 

9  257  253 

86  49 
85  48 
85  47 
85  46 
85  45 
85  44 
85  43 
85  42 
85  41 
85  40 

4  20 
4  21 
4  22 
4  23 
4  24 
4  25 
4  26 
4  27 
f  28 
4  29 
4  30 

878285 

879949 
881607 
883258 
884903 
886542 
888174 
889S01 
891421 
893035 

894643 

878563 
880226 
881883 

883533 
885177 

886814 
888446 
890071 
891690 
893304 
8940 1 1 

878841 
880503 
882158 
883807 
885450 
887087 
888717 
890341 
891960 
89357* 
895178 

879118 
880779 

882433 
884081 
885723 

887359 
888988 
890612 
892229 
893840 

895445 

879395 
381055 
882708 

884355 
885996 

887631 
889259 
890882 
892498 
894 108 
895712 

879672 
881331 
882983 
884629 
886269 
887903 
889530 
891151 
892767 
894376 
895979 

879949 
881607 
883258 
884903 
886542 
888174 
88980: 
891421 
893035 
894643 
896246 

22'  27' 

I"  28  27 

*  55  54 

3  82  81 

4  no  108 

«  137  135 

6  165  162 

7  192  189 

8  220  216 

9  247  243 

85  39 
85  38 
85  87 
85  36 
85  35 
85  34 
85  33 
85  32 
85  31 
85  30 
85  29 

O  / 

60" 

60" 

40" 

30" 

20" 

10"  |   0" 

Part* 

O  / 

Cosine 

3  il 


7SC 


TABLE  67 


LOG.  SINES  OF  SMALL  ARCS  TO  TEN  SECONDS 

O  f 

0" 

10" 

20" 

W 

40" 

60"     W 

Part* 

O   / 

2  30 
S  31 
51  82 
S  33 
ii  34 

936 
2  30 

2  37 

3  38 
2  30 

2  4(1 
«  41 

3  42 
2  43 

2  44 

3  45 
2  46 
*  47 
2  48 
2  49 

8 

039680 

64*563 

6454*8 
648274 
65 1 101 
653911 
656701 

6 5947 5 
661230 
664968 

8- 

640162 
643042 
645904 

648747 
651571 

654377 
657165 

659935 
662688 
6654*3 

8- 

640643 

643520 

646379 
649219 
652040 

654843 
657628 
660395 
663145 
665877 

8- 

641124 

643998 

646854 

649690 

652508 

655308 

658090 

660855 

663601 

666331 

8- 

641604 

644475 

6473*8 

650161 

65*976 

655773 
658552 
661314 
664058 
666784 

8- 

641084 

644952 

647801 

650632 

653444 

656238 

659014 

661772 

664513 

667237 

8- 

641563 

6454*8 

648*74 
65 1 102 
653911 
656701 

659475 
661130 
664968 
667689 

3*  3T 

I"  47  46 

2  95  9a 

3  141  138 

4  190  184 

5  237  229 

6  284  *75 

7  331  321 

8  379  367 

9  4*7  413 

87  29 
87  28 
«7  27 
87  26 
6*7  25 

67  24 
87  23 
87  22 
«7  21 
87  20 
87  l!» 
87  18 
«7  17 
87  16 
87  15 

87  14 
K7  13 
«7  12 
«7  11 
87  19 

667689 
670393 
673080 

675751 
678405 

681043 
683665 
686272 
688863 
691438 

668 14 1 
670841 

6735*7 
676194 
678846 
68 148 1 
6X4101 
686705 

689*93 
691866 

668592 
671291 
673972 
676638 
679286 
681919 

684536 
687137 

689713 
692293 

669043 

671739 
674418 
677080 
6797*6 
682356 
684971 
687569 
690152 
692720 

669494 
672187 
674863 
677522 
680166 
682793 
685405 
688001 
690581 
693146 

669944 
67*634 
675307 
677964 
680605 
683230 
685838 
688432 
691010 
693572 

670393 
673080 

675751 
678405 
681043 
683665 
686272 
688863 
691438 
693998 

42'  AT 

l"  45  43 

2  89  86 

3  133  130 

4  178  173 

5  123  216 

6  267  259 

7  312  302 

8  356  346 

9  400  389 

2  60 
2  51 
2  52 
2  53 

2  54 
2  55 
2  60 
*57 
2  5* 
2  59 

693998 

696543 
699073 
701589 

704090 

7C6577 
709049 
711507 

71395* 
716383 

6944*3 
696966 
699494 
702007 
704505 
706990 
709460 
711916 
714358 
716787 

694848 
697388 
699913 
701414 
704910 
707401 
709870 
7113*4 
714764 
71719° 

695272 
697810 
700333 
702841 
705335 
707815 
710180 

7i*73i 
715169 

717593 

695696 
698232 
70075* 
703*58 
705749 
708226 
710690 
713139 
715574 
717996 

696120 
698653 
701171 
703674 
706163 
708638 

711099 
713546 

715979 
718398 

696543 
699073 
701589 
704090 
706577 

709049 
711507 

71395* 
716583 
718800 

62'  07' 

I"  4*  4» 

2  84  82 

3  126  122 

4  168  163 

5  209  204 

6  251  244 

7  293  285 

8  335  326 

9  377  366 

87  9 
87  8 
«7  7 
»7  6 
87  5 
87  4 
«7  3 
87  2 

87  1 

87  9 

3  0 
3  1 
3  2 
3  3 
3  4 
3  6 
3  6 
3  7 
3  8 
3  9 

718800 
721204 

7*3595 
7*597* 
7*8337 
730688 
733027 

735354 
737667 
739969 

719202 
721603 
723992 
7*6367 
718719 

731079 
7334i6 
735740 
738052 
740352 

719603 

722001 

7*4389 
726762 
729121 

73H69 

733804 
736126 
738436 

7407  H 

710004 
7*1401 
7*4785 
7*7156 
7*95H 
731859 
73419* 
73651* 
738820 

741115 

720404 

7**799 
7*5i8i 
7*755o 
719906 

732249 

734579 
73689S 

739*o3 
74H97 

720804 
723197 
7J5577 
7*7943 
730297 

73*638 
734967 
737*85 
739586 
741878 

721204 

7*3595 
725972 

7*8337 
730688 

733027 
735354 
737667 
739969 
74**59 

*    r 

1"  40  39 

*  79  77 

3  119  116 

4  158  154 

5  198  193 

6  238  232 

7  277  270 

8  317  309 
»  356  347 

8G  69 
86  56 
8G  57 
86  56 
86  56 
86  54 
86  53 
86  52 
86  51 
86  50 

3  19 

3  11 
3  12 
3  13 
3  14 
3  15 
3  16 
3  17 
3  18 
3  19 

742259 
744536 
746801 

749055 
751*97 
7535*8 
755747 

757955 
760151 
762337 

74*639 
7449'4 
747178 
749430 
751670 

753898 
7561 16 

7583*1 
760516 
762700 

743019 
745*93 
747554 
749804 
75*04* 
754*69 
756484 
758688 
760881 
763063 

743399 
745670 
74793« 
750178 
75*4H 

754639 
756851 

759054 
761245 

7634*5 

743778 
746048 
748305 
750551 
752786 

755008 
757220 

7594*o 
761609 

763787 

744157 
7464*5 
748680 

7509*4 
753157 
755378 

757587 
759786 

761973 
764149 

744536 
746802 

749055 
751*97 
7535*8 
755747 
757955 
760151 
762337 
7645" 

12*  XT 

l"38  37 

2  75  73 

3  113  110 

4  150  146 

5  188  183 

6  226  220 

7  263  256 

8  301  293 

9  338  329 

86  49 
86  48 
86  47 
86  46 
86  45 
86  44 
86  43 
86  42 
86  41 
86  40 

3  29 
3  21 
3  22 

8  23 
3  24 

8  26 
8  26 
3  27 
3  28 
3  29 
3  30 

7645" 

766675 
768828 
770970 
773101 

775**3 
777333 
779434 
781524 
783605 

785675 

764871 

767034 
76918? 

7713*6 
773456 

775575 
777684 
779783 
781871 

783951 
786019 

765*34 
767394 
769543 
771681 
7738io 

7759*7 
778035 
780132 
782219 
784296 
786363 

765594 
76775* 
769900 

77*0|7 
774163 

776279 

778385 
780480 
782566 
784641 
786707 

765955 
7681 11 

77o*57 
772392 

774517 
776631 

778735 
780829 
782912 
784986 
787050 

766315 
768469 
770613 

77*747 
774870 

776982 
779085 
781177 
783*59 
785331 
787393 

766675 
768828 
770970 
773ioi 
775**3 
777333 
779434 
781524 
783605 
78567S 
787736 

22'  27 
»"36  35 

2  71  70 

3  107  105 
*  143  139 

5  178  174 

6  214  109 

7  150  144 

8  186  178 

9  321  313 

m  351 
86  38 
86  37 
86  36 
86  35 
86  54 
86  33 
86  32 
86  31 
80  30 
86  29 

6  / 

69" 

50" 

49" 

39" 

20" 

10" 

0" 

Parts 

O   / 

COSINI 

TABLE  07 


737 


1 

LOG.  SINES  OP  SMALL  ARCS  TO  TEN  SECONDS 

0  1 

0* 

10" 

20" 

30" 

40" 

50" 

60'' 

Parts 

O  / 

3  SO 
3  31 
3  32 
3  33 
3  34 
3  35 
3  IW 
3  37 
3  38 
3  39 

8- 

785675 
787736 
789787 
791828 
793859 
795881 
797894 

799897 
801892 
803876 

8- 

786019 

788078 

790128 

792167 

794197 

796218 

798229 

800230 

802223 

804206 

8- 

786363 

788421 

790468 

79*5o6 

794534 

796553 
798563 
800563 
802554 
804536 

8- 

786707 

788762 

790808 

792845 

79487* 

796889 

798897 
800896 
80288c 
804866 

8- 

787050 

789104 

791149 

793"83 

795208 

797224 

799*3 1 
801228 
803216 
805195 
807165 
809126 
811078 
813021 
814956 
816882 
818799 
820708 
822609 
824501 

8- 

787393 

789446 

791488 

7935*» 

795545 

797559 

799564 

801560 

801546 

805524 

8- 

787736 
789787 
791828 

793859 
795881 

797894 
799897 
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803876 
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2  68  66 
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4  136  133 
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6  204  199 
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86  29 
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3  40 
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807819 
809777 
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813667 
815599 
817522 
819436 
821343 
823240 

806181 
808146 
810103 
812050 
813989 
815920 
817841 

819755 
821659 
823556 

806509 
808473 
810428 
812374 
814312 
816241 
818161 
820073 
821976 
823871 

806837 
808799 
810753 
812698 
814634 
816561 
818480 
820390 
822292 
824186 
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809451 
811402 
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815277 
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829196 
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856049 
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12*992206 
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12-934214 
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0 
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a* 
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43 
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0 
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3t 

II 

44 

7*505118 
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12*494880 
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0 
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10 

49 

at 

48 
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"**475574 
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0 
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M 

3t 

18 

48 
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7*542909 
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"*"43936* 

10*000003 

0 

9*999997 

« 

48 

at 

St 

7*560635 
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"**439365 
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10*000003 

0 

9*999997 

10 

31 

13 

aa 

7-577668 

16706 

12*422332 

7*57767* 
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12*422328 

10*000003 

0 

9*999997 

s 

47 

at 

84 

7594059 
7*609853 

16087 

12*405941 

7*59406* 
7*609857 

16087 

«**405938 

10*000003 

0 

9*999997 

• 

St 

14 

at 

15511 

12*390147 

15512 

«**390"43 

10*000004 

0 

9*99999* 

4 

46 

30 

88 

7*625091 
7*639816 

•4977 

12-374907 

7-625097 

"4978 

"**374903 
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0 

9*99999* 

a 

31 

13 
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1 

a 

»4478 

12*360184 

7*639820 

>4478 

12*360180 
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0 

9*99999* 

88 

43 

3t 

7*654056 

14010 

»**345944 
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7*667849 

14011 

»**345939 
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0 
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16 

4 

7-667845 

•3573 

12*332155 

"3573 

12*332151 
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0 
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88 

44 

at 

t 
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13161 

12*318792 

7*681213 
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0 
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34 

38 

17 

8 

7*694173 
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12*305827 
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"775 
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0 

9*999995 

at 

43 

at 

It 

7*706762 

12410 

12-293238 

7-706768 

12409 

12*293232 

0 

9*999994 

88 

at 

18 

n 

7-718997 

11064 

12*281003 

7*719003 

12065 

12*280997 

10*000006 

0 

9*999994 

•oS 

42 

at 

14 

7*730896 

11738 

12*269104 

773090* 

11739 

12*269098 

10-000006 

0 

9*999994 

48 

3t 

19 

it 

7-74H78 

11430 

12-2575** 

7*742484 
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12*257516 
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0 

9*999993 

44 

41 

at 

it 
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12*246242 
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10*000007 

0 
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48 

31 

20 

at 

at 
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0 
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4t 

at 

40 

St 
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0 
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21 

34 
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0 
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33 

30 

at 

at 
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c 
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34 
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22 

at 
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0 
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33 

33 

at 

at 

7*815906 

9651 
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12*184085 
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0 
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30 

at 

23 

at 
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12-174549 
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12*174540 
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0 
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37 

at 

34 
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0 
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at 

aa 

24 

38 
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0 
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38 
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38 

25 
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0 
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at 

18 

36 

38 
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0 

20 

44 
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12*121292 
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0 
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16 

34 

at 
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7361 

12*066457 

7*933559 
7-940858 

7362 

12*066441 

10*000016 

1 

9-999984 

a 

aa 

30 

a 

7*940842 

7*38 

12*059158 

7*39 

12-059142 

10*000017 

I 

9*999983 

St) 

30 

/  // 

iaw 

Cooino 

D. 

Secant 

Cotang. 

D. 

Tangent 

Cotec. 

D. 

Sine 

■8. 

/  H 

80°                                                     5*  58» 

TABLE  68 

739 

LOG.  SINKS.  COSINES,  &c 

0*~a 

|m                                                                         0J 

f  n 

"H      Sine      1   D. 

Cosec.  1  Tangent 

D. 

Cotaof. 

Secant 

D. 

Cosine 

m. 

/  // 

30 

0 

7-940842 

7238 

12*059158   7*940858 

7239 

12*059141 

10*000017 

9999983 

M 

30 

30 

* 

7*948020 

7119 

1**051980 

7*948037 

7120 

12*051963 

10*000017 

9*999983 

58 

3tJ 

31 

4 

7*955082 

7005 

12*044918 

7955100 

7005 

12*044900 

10*000018 

9*999982 

50 

29 

30 

0 

7*962031 

6894 

12*037969 

7-962049 

6894 

12*037951 

io*oocoi8 

9999982 

54 

SO 

32 

8 

7*968870 

6785 

12*031130 

7*968889 

6787 

12*031111 

10*000019 

9999981 

n 

28 

30 

10 

7-975603 

6682 

11*014397 

7*975622 

6682 

12*024378 

10*000019 

9999981 

90 

31* 

33 

It 

7*982233 

6580 

12*017767 

7*982253 

f5!° 

12*017747 

10*000020 

9*99998o 

48 

*7 

30 

11 

7-988764 

6482 

12*011236 

7*988785 

M3 

12*011215 

10*000021 

9-999979 

48 

» 

34 

10 

7-995198 

6387 

12*004802 

7-995219 

6387 

12*004781 

IO-C0002 I 

9*999979 

44 

20 

30 

18 

8*001538 

6294 

1 1 '998462 

8*001560 

6295 

11*998440 

10*000022 

9-999978 

41 

»• 

35 

30 

to 

tt 

8-007787 

6204 

11*992213 

8*007809 

6204 

11*992191 

10X00023 

9*999977 

40 
38 

25 

8013947 

6116 

11*986053 

8*013970 

6u8 

11*986030 

10-OCOO23 

9*999977 

36 

u 

8-02002I 

6032 

ii*979979 

8*020045 

6032 

"•979956 

10*C00024 

9*99997* 

SO 

24 

30 

to 

8*026011 

5949 

11-973989 

8*026035 

5950 

11*973965 

1O-OOO024 

9*999976 

34 

31 

37 

tt 

8*031919 

5869 

11-968081 

8*031945 

5869 

1 1*968055 

10*000025 
10*000026 

9*999975 

it 

23 

30 

30 

8*037749 

5790 

11*962251 

8*037775 

5:9* 

11*962225 

9*999974 

IS 

m 

38 

3t 

8*043501 

5715 

11*956499 

8043527 

57'4 

"•956473 

IO*000027 

9*999973 

is 

22 

30 

34 

8*049178 

5640 

1 1-950822    8*049105 

5641 

11*950795 

10*00002*7 

9*999973 

to 

30 

30 

30 

8-054781 

5567 

11*945219 

8-054.809 

5569 

11-945191 

10*000028 

9*999972 

-M 

21 

30 

39 

8*0603 14 

549* 

1 1 '939686 

8*060342 

5498 

11-939658 

I0*OOO029 

9999971 

tt 

30 

40 

30 

40 
4t 

8*065776 

5428 
5362 

11*934224 

8065806 

54*9 

11*934194 

10*000029 

9-999971 

m 

16 

20 

30 

8*071171 

1 1*928829 

8-071201 

5362 

"•9*8-99 

10*000030 

9999970 

41 

44 

8*076500 

5296 

11*923500 

8-076531 

5*97 

11923469 

10*000031 

9*999969 

It 

19 

30 

40 

8*081764 

5232 

11*918236 

8-081795 

5*33 

11*918205 

ICOOOO32 

9*999968 

14 

30 

42 

48 

8*086965 

5170 

11*913035 

8*086997 

5'7' 

11-913003 

I0'OOO032 

9-999968 

It 

18 

30 

50 

8*092104 

5109 

11*907896 

8-092137 

5110 

1 1-907863 

10-OOC033 

9*999967 

10 

30 

43 

51 

8097183 

5050 

11*902817 

8-097217 

5050 

11*902783 

I0-OCO034 

9*999966 

8 

17 

30 

51 

8-102204 

4991 

u-897796 

8*102239 

4993 

11-897761 

10*000035 

9*999965 

• 

30 

44 

50 

8*107167 

4935 

11*892833 
1 1*887926 

8*  107203 

4935 

"•89*797 

10*000036 

9999964 

4 

16 

30 

58 

8*  1 12074 

4880 

8*112110 

4881 

11*887890 

10*000036 

9-999964 

t 

30 

46 
30 

9 
•* 

8*116926 

4825 

11-883074 

8*116963 

4826 

11-883037 

10*000037 

9999963 

WW 
58 

15 
30 

8*121725 

477* 

11*878275 

8*121763 

4773 

11*878237 

10*OC0038 

9999962 

16 

4 

8*126471 

4721 

11-873529 

8*126510 

4721 

11*873490 

10*000039 

9*999961 

58 

14 

30 

0 

8*  13 1 166 

4669 

1 1-868834 

8*131206 

4671 

11-868794 

10*000040 

9999960 

54 

30 

47 

8 

8*135810 

4620 

11*864190 

8*135851 

1.620 

11864149 

I0*0C0041 

9*999959 

St 

13 

30 

10 

8*140406 

457* 

"'•859594 

8*140447 

457* 

"•859553 

I0'OOO04I 

9999959 

50 

30 

48 

IS 

8* '44953 

45*3 

11*855047 

8*144996 

45*5 

11-855004 

10*000042 

9*999958 

46 

12 

30 

14 

8*149453 

4477 

11*850547 

8*149497 

4478 

11-850505 
11-846048 

10*000043 

9*999957 

40 

30 

49 

10 

8*153907 

4431 

11 '846093 

8*153952 

443* 

10*000044 

9*999956 

44 

11 

30 

18 

8-158316 

4387 

1 1*841684 

8*158361 

4388 

11-841639 

10*000045 
10*000046 

9'999955 

41 

30 

50 

30 

to 

tt 

8*162681 

4343 

u-8373'9 

8*162727 

4343 

"•837*73 

9*999954 

40 

36 

10 
30 

8*167002 

4*99 

11832998 

8*167049 

4301 

11-832951 

I0'000047 

9*999953 

51 

M 

8*171280 

4258 

11*828720 

8*171328 

4*58 

11*828672 

10*000048 

9*99995* 

36 

9 

30 

t8 

8*175517 

4216 

11824483 

8*175566 

4217 

"824434 

IO-OOOO49 

9*999951 

34 

30 

52 

» 

S  1797 13 

4176 

11*820287 

8-179763 

4177 

11*820237 

I0*0C0050 

9*999950 

31 

8 

30 

SO 

8-183869 

4136 

11*816131 

8*183919 

4»37 

11*816081 

I0-00005I 

9999949 

30 

30 

53 

3t 

8*187985 

4096 

11*812015 

8*188036 

4097 

1 1*8 1 1964 

IO*000052 

9.999948 

38 

7 

30 

34 

8*192062 

4059 

11*807938 

8*192115 
8-196156 

4060 

1 1*807885 

I0*C00053 

9*999947 

n 

30 

54 

30 

8*196102 

4021 

11-803898 

4022 

11*803844 

10*000054 

9999946 

u 

6 

30 

38 

8*200104 

3984 

"'799896 

8*200159 

3985 

"•79984> 

10*000055 
lO'OOCO^i 

9*999945 

21 

30 

55 
30 

40 
43 

8*204070 

3948 

"'795930 

8*204126 

3949 

"795874 

9999944 

no 

IS 

5 

.10 

8 '208000 

3912 

xi '792000 

8*208057 

39'3 

11-791943 

10-000057 

9*999943 

56 

44 

8*211895 

3877 

11*788105 

8*211953 

3878 

11*788047 

I0'000058 

9*99994* 

10 

4 

30 

40 

8-215755 

3843 

11*784245 

8*215814 

3844 

11*784186 

10*000059 

9999941 

14 

.10 

57 

48 

8*219581 

3810 

11*780419 

8*219641 

3811 

11*780359 

IO*OOOo6o 

9*99994© 

It 

3 

30 

50 

8*123374 

377-5 

11*776626 

8*223434 

3777 

11*776566 

IO*OOOo6l 

9*999939 

10 

30 

58 

52 

8-227134 

3743 

11*772866 

8227195 

3745 

11*772805 
11*769076 

IO'OOOo62 

9*999938 

8 

2 

30 

54 

8*230861 

3712 

11*769139 

8*230924 

3712 

10'000063 

9*999937 

0 

30 

59 

56 

8*234557 

3680 

11*765443 

8-234621 

3681 

11*765379 

10*000064 

9.999936 

4 

1 

30 

58 

8-238221 

3649 

11*761779 

8238286 

3651 

11-761714 

IO'OOOo65 
1 0*000066 

9*999935 

1 

30 

60 

* 

8-241855 

3619 

"•758145 

8*241921 

3620 

"•758079 

9*999934 

0 

0 

/  // 

uru 

Cosine 

D. 

Secant 

Cotang. 

D. 

Tangent 

Cosec. 

D. 

Sine 

m. 

/  // 

89° 

5b  56" 

740 

TABLE 

68 

LOO.  SINES,  COSINES,  S*. 

( 

>•  4m                                                          1° 

T/7 

m. 

Sine 

D. 

Coate. 

Tangent 

D. 

Cotang. 

Seetnt 

Parts 

Cosine 

.jy.f/1/ 

0        t 

8241855 

3619 

11*758145 

8*241921 

3620 

11*758079 

10*000066 

9*999934 

%€ 

G* 

st    t 

**45459 

3589 

11*754541 

8*245526 

359o 

"•754474 

10*000067 

l*o 

9-999933 

58 

m 

I 

4 

8-249033 

3559 

11*750967 

8*249102 

3560 

1 1*750898 

10*000068 

2  0 

9*99993* 

M 

60 

3t 

0 

8252578 

353> 

11*74741* 

8-252648 

353* 

11*74735* 

10*000069 

3  O 

9*999931 

34 

30 

2 

8 

8256094 

3502 

11-743906 

8*256165 

3503 

11743835 

10*000071 

4   0 

9*9999*9 

at 

6ft 

St 

It 

815958* 

3474 

1 1*740418 

8*259654 

3475 

11*740346 

10-000072 

6   0 

9099918 

at 

at 

3 

It 

8*163041 

3446 

11*736958 

8*263115 

3448 

11*736885 

10*000073 

8  0 

9*9999*7 

40 

57 

3t 

14 

8*166475 

3419 

"'7335*5 

8*266549 

3420 

11-733451 

10*000074 

7  0 

9-9999*6 

40 

30 

4 

It 

8-169881 

3393 

11*730119 

8*269956 

3394 

11*730044 

10-000075 

8  0 

99999*5 

44 

5C 

at 

18 

8-273260 

3366 

11*726740 

8*273337 

3367 

11-726663 

10-000076 

9  0 

9*9999*4 

4t 

30 

5 

a* 

at 

2* 

8*276614 

334- 

11-723386 

8*276691 

334* 

11*723309 

10-000078 

10  0 

11  0 

9*9999** 

4t 
38 

55 

at 

8279941 

33H 

II*72CO«  ) 

8*280020 

3316 

11-719980 

10-000079 

9*9999*1 

6 

t4 

8183143 

3290 

11*716757 

8283323 

3*9i 

11-716677 

10-000080 

12   0 

9*999920 

30 

54 

Jt 

at 

8-186521 

3265 

1 17 13479 

8*286602 

3266 

"•713398 

10-000081 

13    1 

9*9999i9 

34 

30 

7 

M 

8-189773 

3*4] 

11*710227 

8*289856 

3*4* 

11*710144 

10*000082 

14    1 

9*9999i8 

39 

63 

at 

at 

8*293002 

3216 

11*706998 

8*293086 

3218 

11*706914 

10*000084 

16    1 

9*999916 

30 

30 

8 

at 

8*296107 

3  "93 

11*703793 

8*296292 

3194 

11-703708 

10*000085 

16    1 

9999915 

tB 

82 

at 

34 

8*199388 

3170 

11*700612 

8**99474 

3171 

11*700526 

10*000086 

17    1 

9*9999 M- 

90 

at 

9 

30 

8*301546 

3  "47 

11697454 

8*302634 

3H8 

11*697366 

10*000087 

18    1 

9*999913 

94 

61 

at 

38 

8*305681 

3114 

11*694319 

8-305770 

3i*5 

1 1*694230 

10*000089 

19    1 

9*9999" 

94 

3t 

10 

4t 
4t 

8*308794 

3101 

11*691206 

8308884 

3103 

11*691116 

10*000090 

20  1 

21  1 

9999910 

90 
IS 

50 

3t 

at 

8*311885 

3080 

11*688115 

8*311976 

3081 

1 1*688024 

io*ooco9i 

9999909 

II 

44 

*' 3  M954 

3058 

1 1*685046 

8*315046 

3059 

11*684954 

10*000093 

22    1 

9*999yo7 

10 

49 

at 

40 

8*318001 

3036 

11-681999 

8*318095 

3038 

11*681905 
11*678878 

10*000094 

23    1 

9*9999o6 

14 

3t 

IS 

48 

8*311017 

3016 

11*678973 

8*321122 

3017 

10*000095 

24    1 

9999905 

It 

48 

at 

at 

8*324032 

*995 

11*675968 

8*324129 

2996 

11*675871 

10*000097 

25    1 

9999903 

10 

3t 

IB 

at 

8-327016 

*974 

11*672984 

8*327114 

*975 

1 1*672886 

10*000098 

26    1 

9*999902 

8 

47 

at 

54 

8*319980 

*954 

11*670020 

8*330080 

2956 

1 1*669920 

10-000099 

27    1 

9*999901 

0 

3t 

14 

00 

8*331914 

*934 

11*667076 

8*333025 

*935 

11*666975 

10*000101 

28    1 

9-999899 

4 

48 

at 

60 

8*335848 

2914 

11*664152 

8*33595° 

2916 

1 1*664050 

10-000102 

29    1 

9999898 

9 

at 

16 

• 

t 

8-338753 

1895 

11*661247 

8*338856 

1896  1 1-66 1 144 

10*000103 

30    1 

9*999897 

St 

50 

45 

St 

at 

8341638 

2876 

11*658362 

8-341743 

*877 

11*658257 

10*000105 

1    0 

9  999895 

It 

4 

8*344504 

2856 

11*655496 

8*344610 

1858 

"•655390 

10*000106 

2   0 

9*999894 

50 

44 

at 

• 

8*34735* 
8*350181 

2838 

1 1*652648 

8-347459 
8*350189 

2840 

11*652541 

10*000108 

3   0 

9999892 

51 

3* 

17 

8 

2820 

11 '6498 19 

1811 

11*649711 

10*000109 

4   0 

9999891 

59 

43 

at 

It 

8*351991 

1801 

11*647009 

8353101 

2803 

11-646899 

lO'OOOHO 

5   0 

9999890 

50 

3* 

18 

It 

8*355783 

1784 

11*644217 

8355895 

2784 

11*644105 

10*000112 

8   O 

9999888 

48 

42 

at 

34 

8-358558 

1766 

11*641442 

8-358671 

2768 

11*641329 

IO*GCC..3 

7   0 

9*999887 

40 

St 

19 

If 

8-361315 

1748 

11-638685 

8*361430 

*749 

11*638570 

10*000115 
10*000116 

8  0 

9999885 

44 

41 

at 

18 

8-364055 

1731 

11-635945 

8*364171 

*733 

11*635829 

9   0 

9*999884 

49 

St 

20 

to 

tt 

8*366777 

1714 

11-633223 

8*366895 

2715 

11-633105 

10*000118 

10  1 

11  1 

9999882 

40 
38 

40 

at 

8*369481 

1607 
2680 

11*630518 

8*369601 

2699 

11*630399 

10-000119 

9*999881 

21 

t4 

8*371171 

1 1*617819 

8*372292 

2681 

11*627708 

10*000121 

12    1 

9*999879 

30 

30 

at 

to 

8-374843 

2664 

11*615157 

8*374965 

2666 

11 '62 503 5 

10*000122 

13    1 

9999878 

34 

3t 

22 

t8 

8*377499 

2648 

1 1*611501 

8-377622 

2649 

11*622378 

10*000124 

14    1 

9999876 

39 

38 

at 

at 

8*380138 

2631 

11*619862 

8*380263 

1633 

11*619737 

10*000125 

16    1 

9-999875 

St 

at 

23 

at 

8-381761 

1616 

11*617138 

8*382889 

1617 

11*617111 

10*000127116   I 

9*999873 

98 

37 

at 

34 

8*385370 

1600 

11*614630 

8*385498 

1601 

11*614502 

10*000128 

17    1 

999987* 

90 

St 

24 

30 

8*387962 

1585 

11*611038 
11*609401 

8*388091 

1586 

11*611908 

10*000130 

18    1 

9*999870 

94 

38 

at 

38 

8*390539 

1569 

8*390670 

1571 

11*609330 

10*000131 

19    1 

9*999869 

99 

St 

25 

40 
41 

8*393101 

*554 

11*606899 

8*393*34 

1556 

1 1*606766 

10*000133 

20  1 

21  1 

9999867 

90 
18 

36 

St 

at 

8-395645 

*539 

11*604352 

8-395782 

1540 

11*604218 

10*000134 
10*000136 

9*909866 

28 

44 

8-398i7? 
8*400696 

151$ 

ti'601811 

8398315 

2516 

11*601685 

22    1 

9*999864 

10 

34 

at 

40 

2510 

11-599304 

8-400834 

1512 

11*599166 

10*000137 

23    1 

9*999863 

14 

» 

27 

48 

8-403199 

%i 

11*596801 

8*403338 

1497  11*596661 

10*000139 

24    l 

9*999861 

19 

33 

at 

34 

8-405687 

11*594313 

8*405828 

2483  "59417* 

10*000141 

26    I 

9*999859 

It 

at 

28 

at 

8*408161 

1467 

11591839 

8*408304 

1468 

11*591696 

10-000141 

28    1 

9*999858 

8 

32 

at 

04 

8*410611 

*453 

11*589379 

8*410765 

*455 

11*58923; 

10*000144 

27    I 

9*999856 

0 

at 

20 

50 

8*413068 

2440 

11*586931 

8*413*13 

*44» 

11*586787 

10*000146 

28    l 

9999854 

4 

31 

30 

38 

8-415500 

*4*5 

11*584500 

8-4i5647 
8418068 

14*7 

"•584353 

10*000147 

29    1 

9999853 

9 

St 

30 

#3 

8-417919 

1411 

11*581081 

HH 

11*581932 

10*000149 

30  % 

9*999851 

0 

30 

/  H 

IP 

Cosine 

D. 

Set  tut 

Cotang. 

D. 

Tangent 

Cotee. 

Paru 

Sine 

t. 

1/  * 

88° 

5L 

54" 

1 

TABLE  68 


741 


LOG.  SINES,  COSINES,  &c. 

0*»  6m                                                           1° 

/  n 

u 

Sine 

D. 

Cosec. 

Tangent 

D. 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/  if 

30 

0 

8417919 

2412 

11-582081 

8418068 

2414 

11-581932 

10*000149 

9999851 

8ft 

30 

30 

2 

8  4.20325 

2399 

11-579675 

8*42047 < 

2401 

"'5795*5 

10*000151 

l"o 

9-999849 

58 

an 

SI 

4 

8*421717 

2386 

11-577283 

8*422869 

2387 

11-577131 

10*000152 

2  0 

9999848 

:e 

20 

30 

0 

8*425096 

*373 

11-574904 

8*425250 

*374 

"•574750 

io'oooij4 

3    0 

9999846 

54 

JO 

32 

8 

8*427462 

*359 

11-572538 

8*427618 

2362 

11-571381 

10-000156 

4   0 

9-999844 

5*2 

20 

30 

10 

8*429815 

*347 

11*570185 

8429973 

2348 

11-570017 

10-000157 

5   0 

9-999X43 

50 

Sll 

33 

12 

8*432156 

*335 

11-567844 

8*43*3'5 

2336 

11*567685 

10*000159 

6   0 

999984 » 

IK 

27 

30 

14 

8*434484 

2322 

11-565516 

8*434645 

2324 

"•565355 

10-000161 

7   0 

9-999839 

Mi 

30 

34 

10 

8*436800 

1309 

11-563200 

8*436961 

2311 

11-563038 

10-000162 

8   0 

9999838 

2G 

30 

18 

8-439103 

2297 

11-560897 

8-439167 

2199 

"•560733 

10*000164 

9   0 

9-999836 

42 

30 

35 

20 
22 

8-441394 

2286 

1 1-558606 

8-441560 

1187 

11-558440 

10*000166 

10  1 

11  I 

9*999834 

40 
38 

25 

30 

30 

8-443674 

2273 

11-556326 

8*44384i 

2275 

"•556i59 

io*cooi68 

9*999832 

36 

14 

8-445941 

2261 

11-554059 

8*446110 

2263 

11-553890 

10*000169 

12    1 

9999831 

36 

24 

so 

36 

8*448196 

2250 

11*551804 

8*448368 

2251 

11-551632 

10*000171 

13    1 

9-999829 

44 

30 

37 

28 

8-450440 

2238 

11-549560 

8-450613 

2240 

"•549387 

10*000173 

14    1 

9-999827 

31 

23 

30 

30 

8451673 

2226 

11-547327 

8*451847 

2228 

11-547153 

10-000175 

15    1 

9-999825 

30 

30 

38 

31 

8*454893 

2216 

11-545107 

8-455070 

2217 

"•544930 

10-000176 

16    1 

9999824 

i» 

22 

30 

34 

8*457103 

2103 

11-542897 

8*457281 

1106 

"•54*719 

10*000178 

17    I 

9-999822 

-24) 

30 

39 

30 

8459301 

2193 

11-540699 

8*459481 

1194 

11-540519 

10*000180 

18    1 

9999820 

-24 

21 

30 

38 

8*461489 

2182 

11-538511 

8*461670 

1184 

"538330 

10*000182 

19    I 

9-999818 

« 

30 

40 

40 
42 

8-463665 

2171 

11-^36335 

8*463849 

*»73 

11536151 

10*000184 

20  1 

21  1 

9*999816 

18 

20 

30 

30 

8*465830 

2160 

11534170 

8*466016 

1162 

"•533984 

10*000186 

9*999814 

41 

44 

8467985 

2149 

11-532015 

8*468172 

1151 

11*531828 

10-000187 

22    1 

9-999813 

16 

10 

30 

40 

8*470129 

2139 

11*529871 

8*470318 

1140 

11*529682 

10*000189 

23    1 

9-999811 

14 

30 

it 

48 

8*471263 

2128 

11-527737 

8-472454 

1131 

"•527546 

10*000191 

24    1 

9-999809 

12 

18 

30 

30 

8-474386 

2118 

11-525614 

8-474579 

1119 

11-525421 

10*000193 

25    2 

9-999807 

10 

30 

43 

32 

8*476498 

2108 

11-523501 

8-476693 

11 10 

11-523307 

10-000195 

26   2 

9-999805 

8 

17 

30 

54 

8-478601 

2097 

11-521399 

8-478798 

209s 

11*521202 

10*000197 

27    l 

9*9998o3 

0 

30 

44 

M 

8*480693 

2088 

11-519307 

8*480892 

2089 

11*519108 

10*000199 

28   2 

9*999801 

4 

10 

30 

98 

8-482776 

2077 

11-517224 

8-482976 

2080 

11-517024 

lO'COOlOI 

29    2 

9'999799 

2 

30 

45 

M 

7 

2 

8484848 

2067 

11-515152 

8*485050 

2069 

11*514950 

10*000203 

30   2 

9*999797 

IS 

58 

15 
30 

8*486910 

2058 

11-513090 

8-487115 

2060 

11-512885 

10*000105 

1    0 

9*999795 

46 

4 

8-488963 

2048 

11511037 

8*489170 

2049 

11*510830 

10*000206 

2   0 

9*999794 

56 

14 

30 

0 

8*491006 

2038 

11-508994 

8*491215 

2041 

11*508785 

10-000208 

3   0 

9-999792 

54 

3* 

47 

8 

8-493040 

2029 

11-506960 

8-493250 

2030 

11*506750 

I0-0C02I0 

4   O 

9-999790 

3*2 

13 

30 

10 

8*495064 

1019 

11*504936 

8*495276 

2011 

11-504724 

10*000212 

5   0 

9-999788 

50 

30 

48 

It 

8*497078 

2010 

11*502922 

8*497193 

2011 

11-502707 

10*000214 

6   0 

9-999786 

48 

12 

30 

14 

8499084 

2COI 

1 1*500916 

8-499300 

1001 

11*500700 

10*000216 

7   0 

9-999784 

*J 

30 

4tf 

.0 

8-501080 

1991 

1 1*498920 

8*501198 

1994 

11-498702 

IO*C002l8 

8    1 

9-999782 

44 

11 

30 

18 

8*503067 

I983 

11-496933 

8*503287 

1984 

11-496713 

IO-OC0220 

9    I 

9-999780 

4*2 

30 

50 

30 

20 
22 

8-505045 

'973 

"•494955 

8*505167 

1976 

"'494733 

10'COC122 

10    1 
U    1 

9-999778 

40 
38 

30 

8-507014 

1965 

11*492986 

8*507238 

1966 

11-492762 

10*000224 

9*999776 

51 

24 

8-508974 

'955 

1 1*49 1026 

8*509200 

1958 

11*490800 

10XC0226 

12    1 

9*999774 

30 

0 

30 

2ft 

8-510925 

'947 

11-489075 

8*511153 

1949 

11-488847 

10*000228 

13    1 

9-999771 

34 

30 

52 

28 

8-512867 

1938 

11-487133 

8*513098 

1940 

11*486902 

IO*C0023I 

14    1 

9999769 

32 

8 

30 

30 

8*514801 

1930 

11-485199 

8*515034 

1931 

11*484966 

IO*000233 

15    1 

9*999767 

30 

JO 

53 

32 

8-516726 

1921 

1 1  483274 

8-516961 

1913 

"•483039 

IO*CC0235 

16    1 

9-999765 

28 

7 

30 

34 

8-518643 

1912 

11*481357 

8-518880 

1915 

11*481120 

10-C00237 

17    1 

9999763 

26 

30 

54 

30 

8-520551 

1904 

11-479449 

8*520790 

1906 

11-479210 

10*000239 

18    1 

9*999761 

24 

6 

30 

38 

8522451 

1896 

"'477549 

8*522692 

1898 

"•477308 

IO'C0024I 

19    1 

9*999759 

22 

30 

5T> 
30 

40 
42 

8*5*4343 

1888 

11-475657 

8*524586 

1890 

11-475414 

IO'C00243 

20  1 

21  1 

9999757 

20 
18 

5 

30 

8-  526226 

1879 

"'473774 

8*526472 

1881 

11-473528 

IO'OC0245 

9*999755 

56 

44 

8-528102 

1871 

11-471898 

8-528349 

1874 

11-471651 

10*CC0247 

22    2 

9*999753 

16 

4 

30 

40 

8-529969 

1864 

n  47003 1 

8-530218 

1865 

1 1*469782 

10'000249 

23    2 

9999751 

14 

30 

5" 

48 

8-531828 

1855 

1 1*468171 

8*532080 

1857 

11-467920 

IO'C00252 

24    2 

9*999748 

12 

8 

30 

30 

8-533679 

1847 

11*466311 

8*533933 

1850 

11*466067 

10'000254 

25    2 

9-999746 

10 

30 

58 

32 

8*5355*3 

1840 

11-464477 

8*535779 

1841 

11*464221 

IO-OC0256 

26    2 

9'999744 

8 

0 

30 

34 

8537358 

1831 

11*461641 

8-537617 

1834 

11*462383 

10*000258 

27    1 

999974* 

6 

30 

50 

36 

8539186 

1824 

11*460814 

8-539447 

1826 

"460553 

IO'C0026o 

28    1 

9-999740 

4 

I 

30 

58 

8-541007 

1817 

11-458993 

8*541269 

1818 

11*458731 

10-000161 

29    1 

9999738 

1 

30 

60 

S 

8*542819 

1809 

11-457181 

8-543084 

1811 

11*456916 

10*000265 

30    2 

9*999735 

0 

0 

1  II 

m. 

Cosine 

D. 

Secant 

Cotang. 

I>. 

Tangent 

Cosec. 

Parts 

Sine 

ra. 

/  // 

W 

5h  5i>m 
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Oh  8W 

2° 

/  // 
0 

m. 

Sine 

D. 

Cooec. 

Tangent 

D. 

Cotang. 

Secant 

Parts 

Ovine    I1!?' 

.    '  " 

0 

8*542819 

1809 

11*457181 

8*543084 

1811 

11*456,16 

10*000265 

9*999735  Ua,  W 

30 

i 

8'5446i4 
8*546422 

1801 

11*455376 

8-544891 

1804 
1796 

11*455109 

10*000267 

l"o 

9*99*733  | « 

u 

1 

4 

»794 

"•453578 

8*546691 

"•453309 

10*000269 

2  0 

9*99973* 

59 

58 

at 

e 

8*548212 

1786 

11*451788 

8-548483 

1789 

11-451517 

IO*0002f  1 

S  0 

9*9997*9 

54 

30 

3 

s 

8*549995 

1779 

11*450005 

8*550268 

1781 

u-44973* 

10*000274 

4    O 

9-999726 

St 

58 

30 

10 

8-551770 

177* 

11-448230 

8*552046 

'774 

"'447954 

10*000276 

6   0 

9*9997*4 

so 

30 

3 

IS 

*$53539 

1765 

11-446461 

8-553817 

1767 

11-446183 

10*000278 

6  0 

9*9997** 

48 

«7 

M 

14 

8*555300 

1758 

11-444700 

8*555580 

1760 

11*444420 

10*000280 

7    1 

9*9997*0 

46 

30 

4 

10 

8*557054 

1750 

11-442946 

8557336 

'753 

11*442664 

10*000283 

6    1 

9*999717 

44 

56 

M 

18 

8-558801 

1743 

11-441199 

8-559085 
8-560828 

'745 

11*440915 

10*000285 

9    l 

9*99971$ 

4* 

30 

5 

M 

to 

ft 

8*560540 

'737 

11-439460 

'739 

11*439172 

10*000287 

10  1 

11  1 

9099713 

40) 
38) 

55 

30 

8-561273 

1729 

11-437717 

8-562563 

1731 

"'437437 

10*000289 

9*9997" 

6 

S4 

8-563999 

1713 

11*436001 

8*564291 

'7*5 

"•4357C9 

10*000292 

12    1 

9999708 

36 

54 

M 

so 

8-565719 

1716 

11*434181 

8566013 

171S 

"•433987 

10*000194 

13    1 

9999706 

14 

30 

7 

so 

8* 567431 

1709 

11*432569 

8*567727 

1711 

"•43**73 

10*000296 

14    l 

9*999704 

» 

53 

M 

30 

8569137 

1701 

11-430863 

8569435 

1705 

11*430565 

10*000299 

15    l 

9*999701 

30) 

Ji 

8 

3S 

8-570836 

1696 

11-429164 

8*571137 

1698 

11*428863 

10*000301 

16    1 

9*999699 

SB 

88 

30 

34 

8-572528 

1689 

11*427472 

8*572832 

1692 

11*427168 

10*000304 

17    I 

9.999696 

S4 

da 

9 

M 

8574214 

1682 

11*415786 

8*574520 

1684 

11*425480 

10*000306 

18    1 

9.999694 

14 

51 

m 

3$ 

8*575893 

1676 

11*414107 

8*576201 

1679 

"'4*3799 

10*000308 

19    1 

9*999691 

S3 

30 

10 

30 

00 

4* 

8-577566 

1670 

11  412434 

8-577877 

1672 

11*422123 

10*000311 

20  2 

21  2 

9999689 

SOJ 
IS 

50 

30 

8-579*3* 

1663 

1 1*420757 

8-579545 

1665 

"4*0455 

10*000313 

9*999687 

11 

44 

8580892 

1657 

11*419108 

8*581208 

1660 

11*418792 

10*000315 

22    1 

9  999685 

16 

49 

10 

44 

8581546 

1650 

"*4'7454 

8*582864 

1652 

11*417136 

10*000318 

23    1 

9999681 

14 

30 

12 

a 

8-584193 

1645 

11-415807 

8584514 

1647 

11*415486 

10*000320 

24    2 

999968o 

IS 

48 

30 

50 

8-585834 

1638 

11-414166 

8586157 

1641 

11*413843 

10*000323 

25    2 

9-999677 

16 

30 

13 

AS 

8587469 
8*589098 

1632 

U'412531 

8587795 

1634 

11*412205 

10*000315 

26   2 

9*999675 

6 

47 

80 

§4 

1625 

11*410902 

8*  589426 

1628 

11-410574 

10*000318 

27    1 

9#99967* 

6 

30 

14 

50 

8*590721 

1620 

11*409279 

8*591051 

1622 

11-408949 

10*000330 

28    l 

9-999670 

4 

46 

90 

56 

8-592338 

1614 

1 1*407662 

8*591670 

1616 

"•407330 

10*000332 

29   2 

9*999668 

S 

30 

15 

30 

• 

S 

8-593948 

1607 

1 1*406052 

8594183 

1611 

11*405717 

10-000335 

30   2 

9999665 

sx 

56 

45 

30 

8*595553 

1602 

11*404447 

8-595890 

1604 

11*404110 

10*000337 

1    0 

9*999663 

10 

4 

8-597152 

1596 

11402848 

8*597492 

1598 

11*402508 

10*000340 

2   0 

9999660 

56 

44 

30 

0 

8-598745 
8*600332 

1590 

11*401255 

8*599087 

'593 

"•400913 

10*000342 

3   0 

9999658 

54 

30 

17 

8 

1584 

1 1*399668 

8*600677 

1586 

"'3993*3 

10*000345 

4   0 

9999655 

59 

43 

30 

10 

8*601913 

'579 

11*398087 

8-602260 

1581 

"•397740 

10*000347 

6   0 

9*999653 

56 

30 

18 

IS 

8*603489 

1572 

11*396511 

8-603839 

1576 

11*396161 

10*000350 

6    1 

9-999650 

48 

42 

30 

14 

8-605058 
8606623 

1567 

11*394942 

8*605411 
8*606978 

1569 

"•394589 

10*000353 

7    1 

9-999647 

46 

30 

10 

10 

1561 

"'393377 

1564 

11*393022 

10*000355 

8    1 

9999645 

44 

41 

30 

18 

8*608181 

1555 

11*391819 
11*390166 

8*608539 

1558 

11*391461 

10*000358 

9    1 

9*99964* 

41 

30 

20 

30 

SO 
« 

8*609734 

'5$' 

8*610094 

'5S3 

11*389906 

10*000360 

10  1 

11  1 

9*99964o 

46 

36 

40 

30 

8*611282 

'544 

11-388718 

8*611644 

'547 

11*388356 

10*000363 

9999637 

21 

S4 

8-612823 

•539 

11*387177 

8*613189 

'54* 

11-386811 

10*000365 

12    1 

9999635 

36 

30 

30 

SO 

8-614360 

'534 

11*385640 

8614728 

1536 

11-315272 

10*000368 

13    1 

9*99963* 

34 

30 

22 

S8 

8-615891 

1529 

11*384109 

8*616262 

'53» 

11383738 

10*000371 

14    1 

9*9996*9 

S* 

38 

30 

30 

8*617417 

1522 

11382583 

8*617790 

1526 

11*382210 

10*000373 

16    1 

99996*7 

30 

30 

23 

33 

8*618937 

1518 

11*381063 

8619313 

1520 

11*380687 

10*000376 

16    1 

9*9996*4 

SS 

37 

30 

34 

8*620452 

1512 

11-37954* 

8*620830 

»5'5 

11*379170 

10*000378 

17    2 

9999622 

S6 

Ji 

24 

30 

8*621962 

1508 

11-378038 

8622  343 

1510 

"•377657 

10*000381 

18   2 

9999619 

S4 

3G 

30 

38 

8623466 

1501 

11-376534 

8*623850 

1505 

11376150 

10*000384 

19   2 

9999616 

SS 

31 

2ft 
30 

40 
41 

8*624965 

1497 

11-375035 

8625352 

1499 

ii*  374648 

10*000386 

20  2 

21  2 

9-999614 

so 

18 

So 

30 

8*626459 

1492 

•••37354' 

8626849 

1494 

n-373'5' 

10*000389 

9999611 

26 

44 

8627948 

i486 

11-372052 

8628340 

1489 

11-371660 

10*000392 

22   2 

9*999608 

16 

34 

30 

40 

8*629432 

148 1 

11*370568 

8629827 

1484 

"•370173 

10*000394 

23    2 

9*999606 

14 

30 

27 

48 

8*630911 

•477 

11*369089 

8*631308 

'479 

11*368692 

10*000397 

24   2 

9999603 

11 

33 

30 

50 

8*632385 

1471 

11*367615 

8632785 

'474 

11-367215 

10*000400 

26    2 

9*999600 

10 

30 

28 

5* 

8*633854 

1466 

11*366146 

8*634256 

1469 

"•365744 

10*000403 

26   2 

9*999597 

9 

32 

39 

54 

8635317 
8-636776 

1462 

11*364683 

8635713 

1464 

11*364277 

10*000405 

27    2 

9*999595 

6 

30 

20 

58 

1456 

11*363224 

8*637184 

'459 

11-362816 

10*000408 

28    3 

9*99959* 

4 

31 

30 

58 

8-638230 

1452 

11-361770 

8-638641 

'455 

"•361359 

10*00041 1 

29    3 

9999589 

S 

30 

90 

10 

8*639680 

1446 

1 1*360320 

8*640093 

'449 

11*359907 

10*000414 

30    3 

9-999586 

0 

30 

'  /# 

m. 

Cosine 

D. 

Secant 

Cotang. 

D. 

Tangent 

Cooec. 

Porta 

Sine 

<?• 

/  // 

87° 

5b  50" 
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0h   J0*» 

2° 

9  // 

Sine 

D. 

Cooec. 

Tangent 

D. 

Cotang. 

Secant 

Parts 

Cosine 

m 

I  11 

3* 

0 

8*639680 

1446 

11*360320 

8*640093 

1449 

"•359907 

10-000414 

9*999586 

SO 

30 

M 

9 

8*641124 

1441 

11*358876 

8*641540 

'445 

11*358460 

10*000416 

l"o 

9999584 

58 

30 

91 

4 

8*641561 
8643998 

1437 

"'357437 

8*642981 

1440 

11*357018 

10*000419 

2  0 

9-999581 

50 

29 

30 

i 

'433 

11*356002 

9*644420 

'435 

11*355580 

10*000422 

3  0 

9*999578 

54 

80 

33 

8 

8*645428 

1427 

"'35457* 

8*645853 

'43' 

11*354147 

10*000425 

4  0 

9*999575 

59 

28 

30 

10 

8646854 

»4*3 

11*353146 

8*647281 

'4*5> 

11-352719 

10*000427 

5  0 

9*999573 

50 

30 

S3 

It 

8*648*74 

1419 

11*351726 

8*648704 

1421 

11*351296 

10-000430 

9   1 

9*999570 

48 

27 

30 

14 

8*649690 

'4'3 

11*350310 

8*650123 

>4'7 

"•349877 

10*000433 

7    1 

9999567 

48 

30 

34 

"J 

8-651 101 

1410 

11  348898 

8*651537 

1412 

11-348463 

10*000436 

»   1 

9*999564 

44 

28 

M 

10 

8-652508 

1404 

11*347492 

8652947 

1407 

"•J47053 

10  000439 

9    1 

9-999561 

49 

30 

95 

90 
99 

8*653911 

1400 

11*346089 

8*654352 

1403 

11*345648 

10*000442 

10  1 

11  I 

9-999558 

40 
38 

25 

84 

10 

8-655308 

1396 

11*344692 

S'655753 

'399 

"•344*47 

10*000444 

9*999556 

38 

94 

8*65670* 

1391 

11*343298 

8*657149 

'393 

11*342851 

10*000447 

19    1 

9*999553 

30 

24 

30 

96 

8*658090 

1386 

11*341910 

8*658541 

1390 

"*34'459 

10*000450 

13    1 

9*999550 

34 

30 

37 

99 

8*659475 
8*660855 

1382 

11*340525 

8*659928 

1385 

11*340072 

ic-500453 

14    1 

9*999547 

39 

93 

30 

31 

1378 

11*339145 

8*661311 

1381 

11*338689 

10*000456 

15    1 

9*999544 

30 

30 

38 

39 

8*662230 

1373 

11*337770 

8*662689 

1376 

11*337311 

10*000459 

16   2 

9*99954' 

98 

29 

30 

34 

8*663609 

1370 

11*336398 

8*664063 

137* 

"'335937 

10*000461 

>7  2 

9*999538 

90 

80 

39 

30 

8*664968 

1364 

11-33503* 
11-333669 

8*665433 

1367 

"•334567 

10*000465 

>8   2 

9*999535 

94 

21 

30 

38 

8*666331 
8*667689 

1361 

8*666799 

1364 

11*373201 

10*000468 

19   2 

9*99953* 

99 

30 

40 

40 
49 

1356 

11*332311 

8668160 

1359 

11*331840 

10*000471 

20  2 

21  2 

9*9995*9 

90 
18 

20 

30 

8-669043 

"35* 

11-330957 

8*669517 

'555 

11*330483 

10*000471 
10*000476 

9*9995*7 

30 

41 

44 

8*670393 

1348 

11*329607 

8-670870 

'35' 

11*329130 

22   2 

9*9995*4 

10 

19 

30 

40 

8*671739 

1343 

11*328261 

8*672118 

1346 

11*317781 

10*000479 

23    2 

9*999521 

14 

30 

42 

48 

8*673080 

1340 

11*326920 

8*673563 

'343 

11*516437 

10*000481 

24   2 

9*999518 

19 

18 

30 

50 

8*674418 

'335 

11*325582 

8*674903 

1338 

11*315097 

10*000485 

25   2 

9999515 

10 

30 

43 

99 

8*675751 

U3» 

11*324249 

8*676139 

'334 

11*313761 

10*000488 

26    3 

9-999511 

8 

17 

•o 

94 

8*677080 

1327 

11*322920 

8-677571 

1330 

11-322428 

10*000491 

27    3 

9*999509 

0 

30 

44 

50 

8*678405 

'3*3 

11*321595 

8*678900 

1326 

11*321100 

10*000494 

28    3 

9999506 

4 

8 

30 

38 

8*679726 

1319 

11-320274 

8-680114 

1322 

11*319776 

10*000497 

29   3 

9*999503 

9 

30 

44 

30 

U 

9 

8*681043 

I3'5 

11*318057 

8*681544 

1318 

11*318456 

10*000500 

30    3 

9999500 

58 

15 

30 

8*682356 

1311 

11*317644 

8681860 

'3»4 

11317140 

10*000503 

1    0 

9*999497 

48 

4 

8*683665 

1308 

11*316335 

8-684171 

1311 

11-315828 

10*000507 

2   0 

9*999493 

58 

14 

30 

8 

8-684971 

-J03 

11*315029 

8-685480 

1306 

11*314520 

10*0005 10 

3    O 

9*99949° 

54 

30 

47 

8 

8*686272 

1299 

11*313728 

8686784 

1301 

11-313216 

10*000513 

4    0 

9*990487 

59 

33 

30 

10 

8*687569 

1295 

11*31243- 

8688085 

1199 

11*311915 

10*000516 

5    1 

9*999484 

50 

3 

48 

19 

8*688863 

1292 

11*311137 

8*689381 

1194 

11*310619 

10-000519 

6    1 

9-999481 

48 

12 

30 

14 

8-690152 

1288 

11*309848 

8*690674 

1191 

11*309326 

10-000522 

7    1    >*999478 

48 

30 

49 

10 

8-691438 

1283 

11-308562 

8*69 1963V 

1187 

11*308037 

10-000525 

8    1 ,  9*999475 

44 

11 

30 

18 

8*692720 

1280 

11*307280 

8-693148 

1183 

11*306752 

10*000528 

9   1 j  9*999471 

49 

30 

50 

30 

90 
99 

8*693998 

1277 

11-306002 

8*694519 

1280 

11*305471 

10*000531 

10  1 

11  1 

9999469 

40 

38 

10 

30 

8-695272 

1272 

11-304728 

8*695807 

1175 

n  304193 

10*000534 

9-999466 

51 

94 

8696543 

1269 

'"•303457 

8*697081 

1271 

11*302919 

10*000537 

12    1 

9999463 

36 

9 

30 

90 

8-697810 

1265 

11*302190 

8*698351 

1168 

11-301649 

10*000541 

13    1 

9*999459 

34 

30 

62 

98 

8*699073 

1262 

11-300927 

8*699617 

1265 

11-300383 

10*000544 

14    1 

9-999456 

39 

8 

30 

30 

8*700333 

1257 

11*299667 

8*700880 

1261 

11*299120 

10-000547 

15    l 

9*999453 

30 

30 

A3 

39 

8*701589 

"55 

1 1  298411 

8*701139 

'*57 

1 1-297861 

10-000550 

16    2 

9-999450 

98 

7 

30 

34 

8*702841 

1250 

11*297159 

8*703395 

'*54 

11*296605 

10*000553 

17   2 

9*999447 

90 

30 

54 

38 

8*704090 

1*47 

11*295910 

8*704646 

1250 

"**95354 

10*000557 

18    2 

9*999443 

94 

8 

30 

38 

S*7<>5335 

1243 

11-294665 

8705895 

1*47 

11*294105 

10*000560 

19    2 

9-999440 

92 

30 

55  [ 

30 

40 
49 

8-706577 

1240 

11*193413 

8*707140 

'*43 

11*292860 

10*000563 

20  2 

21  2 

9*999437 

90 
18 

5 

8*707815 

1236 

11*191185 

8*708381 

1239 

11-291619 

10*000566 

9*999434 

30 

56 

44 

8*709049 

'*33 

11*190951 

8*709618 

1236 

11-190381 

10*000569 

22   2 

9*99943' 

10 

4 

30 

40 

8*710280 

1229 

11*189710 

8*710853 

1233 

11*189147 

10*000573 
10*000576 

23    2 

9*999417 

14 

30 

57 

48 

8*71 i5«7 

1226 

11-188493 

8-712083 

1228 

11*187917 

24    2 

9*999414 

19 

3 

30 

50 

8*71173 ' 

1222 

11-187168 

8-713311 

1226 

11-186689 

10*000579 

»    3 

9*999411 

10 

30 

59 

59 

«*7'395* 

1219 

11*186048 

8*7'4534 

1222 

11*285466 

10-000582 

26    3 

9*999418 

8 

2 

30 

54 

8-715169 

1216 

1 1-18483 1 

8715755 

1219 

11*184245 

10*000586 

27    3 

9*9994 '4 

0 

30 

59 

M 

8716383 

1212 

11183617 

8-716972 

1215 

11*283028 

10-000589 

28    3 

9*9994" 

4 

1 

30 

58 

8*7>7593 

1208 

1 1-182406 

8-718186 

1212 

n'181814 

10*000592 

29    3 

9*999408 

9 

.Ml 

80 

ia 

8*718800 

IlOj 

11*181100 

8719396 

1209 

11*280604 

10-000596 

30    3 

9-999404 

0 

0 

/  If 

•?• 

Cosine 

D. 

Secant 

Cotang. 

D. 

Tangent 

Co*ec. 

Parts 

Sine 

*■ 

1  If 

M7U 

5h  48"' 

74 1 


TABLE  68 


LOG.  SINES,  COSINES.  &«. 

0h   12n, 

3° 

9  // 

*. 

Sine 

D. 

Cosec 

Tangent 

D. 

Cotang. 

Secant 

Parte 

Cosine 

•. 

/    // 

0 

t 

8718800 

1205 

11*28*200 

8*7*9396 

1209 

11*280604 

10*000596 

9999404 

4M*|9© 

3t 

t 

8720004 

1202 

11*279996 

8*720603 

1205 

11*279397 

10*000599 

l"o 

9999401 

« 

aa 

I 

4 

8721204 

1199 

11*278796 

8*721806 

1202 

11*278194 

10-000602 

2  0 

9999398 

fit) 

99 

at 

s 

8722401 

1195 

11-277599 

8*723007 

1 198 

11*276993 

10*000606 

3  0 

9*999394 

54 

at 

2 

J 

8-713595 

1 192 

1 1  276405 

8*724204 

1 196 

11*275796 

10  000609 

4   0 

9*999391 

as 

911 

30 

It 

8*7*4785 

1189 

11275215 

8*7*5397 

1192 

11  274603 

10*000612 

5    1 

9999388 

at) 

aa 

9 

It 

8725972 

118^ 

1 1*274028 

87*6588 

1 189 

11*273412 

10*000616 

6    1 

9-999384 

48 

S7 

at 

14 

8727156 

1 183 

11-27*844 

8*7*7775 

1185 

11-272225 

10*000619 

7    I 

9999381 

40 

as 

4 

It 

8728337 

1179 

11-271663 

8*728959 

1183 

11*271041 

10*000622 

8    1 

9-999378 

44 

90 

M 

18 

8729514 
8730688 

1176 

11*270486 

8*730140 

1179 

11*269860 

10*000626 

9    1 

9*999374 

42 

aa 

9 
at 

10 

1 172 

11*269312 

8731317 

1176 

11*268683 

10*000629 

10    1 
U    1 

9*999371 

40 

as 

55 

aa 

8*73i859 

1170 

11-268141 

8*73*49* 

1173 

11*267508 

10*000633 

9999367 

€ 

•4 

8733027 

1166 

1 1 '266973 

8*733663 

1 170 

11*266337 

10*000636 

12    1 

9*999364 

as 

94 

a* 

tt 

8734192 

1163 

11 '26 5808 

8-734831 

1166 

11*265169 

10*000639 

13    I 

9999361 

34 

38 

7    j« 

8*735354 

1 1 60 

11*264646 

8735996 

1164 

1 1*264004 

10-00064? 

U   2 

9*999357 

3X 

53 

atiat 

873651* 

"57 

1 1-263488 

8737158 

1 160 

11-262842 

10*000646 

15    2 

9*999354 

at 

30 

• 

at 

8737667 

i»54 

11-262333 

87383*7 

1158 

11-261683 

10*000650 

16   2 

9559350 

28 

92 

at 

w 

8738820 

1151 

11-261180 

8*739473 

*"54 

11*260527 

10*000653 

17    2 

9*999347 

ts 

ar 

• 

at 

8739969 

Hi* 

11*260031 

8*740626 

1151 

"*59374 

10*000657 

18   2 

9*999343 

24 

91 

30 

38 

8741115 

1*44 

11*258885 

874*776 

1148 

11*258224 

io-oco66o 

19    2 

9*999340 

tt 

at 

10 

40 
4* 

8742259 

1 142 

11*257741 

8*742922 

1146 

11*257078 

10*000664 

20  2 

21  2 

9999336 

tt 
18 

90 

3» 

at 

8*743399 

1 139 

1 1 '256601 

8*744066 

1142 

11*255934 

10*000667 

9*999333 

II 

44 

8744536 
8745670 

1136 

11-255464 

8-745*07 
8*746344 

1139 

11254793 

10*000671 

22    3 

99993*9 

IC 

49 

at 

40 

113a 

11-254330 

1136 

11-253656 

10*000674 

23    3 

9*9993*6 

14 

ar* 

It 

48 

8746802 

1130 

11-253198 

8*747479 
8748611 

i>34 

11*252521 

■0*000678 

24    3 

9999322 

It 

48 

at 

at 

8747930 

1127 

11*252070 

1130 

11*251389 

10*00068 1 

25    3 

9999319 

It 

aa 

19 

at 

8749055 

1124 

1 1  250945 

8-749740 

ii*7 

11*250260 

10*000685 

26    3 

9999315 

.J 

47 

at 

64 

8750178 

1121 

1 1  -249822 

I750866 

11*5 

11*49134 

10*000688 

27    3 

9999312 

0 

aa 

14 

At 

8751297 

1118 

11*248703 

8751989 

1 122 

11*248011 

10-000692 

28    3 

9999308 

4 

4C 

at 

06 

8752414 

1115 

11*247586 

8753109 

1119 

1 1 '24689 1 

10-000695 

29    3 

9999305 

t 

J8 

15 

at 

IS 

t 

87535*8 

1113 

11-246472 

8*754**7 

1116 

ii'*45773 

10*000699 

30    3 

9*9993oi 

-tk*f 
58 

45 

39 

8754639 

1 109 

11-245361 

8*75534« 

i»3 

11*44659 

10*000703 

1    O 

9*999*97 

16 

4 

8'755747 

1107 

"•*44*53 

8-756453 

1110 

11-243547 

10*000706 

2   0 

9*999*94 

58 

44 

at 

0 

8756852 

1104 

11-243148 

8*757562 

1107 

11*242438 

10*000710 

3   0 

9999290 

64 

aa 

17 

8 

8*757955 

HOI 

11*242045 
11-240946 

8758668 

1105 

11*241332 

10-000713 

4   0 

9*999*87 

62 

43 

at 

It 

8759054 

IO98 

8*759771 

no* 

11*240229 

10*000717 

5    1 

9999283 

6t 

aa 

18 

It 

8760151 

IO96 

1 1  239849 

8-760872 

1099 

11*239128 

10*000721 

6    1 

9*999*79 

43 

42 

at 

14 

8761245 

IO92 

11-238755 

8*761970 

1097 

1 1 '238030 

10-000724 

7    I 

9-999*76 

44 

38 

J9 

It 

8762337 

I090 

11*237663 

8*763065 

1093 

11-236935 

10*000728 

8    l 

9999272 

44 

41 

at 

18 

8763425 

I088 

11236575 

8*764157 

1091 

11235843 

10*000732 

9    I 

9*999*68 

4S 

38 

20 
at" 

to 

tt 

876451 1 

I084 

11  235489 

8*765246 

1088 

11*234754 

10-000735 

10  1 

11  1 

9999*65 

4t 

38 

10 

at 

8765594 

IO82 

11*234406 

8*766333 

1086 

11*233667 

10*000739 

9-999261 

21 

t4 

8766675 

IO79 

11-233325 

8767417 

1083 

11-232583 

10-000743 

12    1 

9'999*57 

at 

39 

at 

to 

8767752 

IO76 

11-232248 

8-768499 

1080 

11*231501 

10*000746 

13    2 

9*999*54 

34 

aa 

n 

t8 

8768828 

IO74 

11231172 

8*769578 

1077 

1 1*230422 

10*000750 

14    2 

9*999*5© 

3t 

38 

at 

at 

8769900 

I07! 

11*230100 

8*770654 

1075 

11-229346 

10*000754 

15    2 

9999*46 

at 

30 

29 

at 

8770970 

IC69 

11*229030 

8*771727 

1072 

11-228273 

10-000758 

16   2 

9*999*4* 

18 

37 

at 

34 

8772037 

I065 

11*227963 

877*798 

1070 

1 1*227202 

10*000761 

17   2 

9*999239 

t6 

38 

24 

30 

8773*0* 

1064 

11*226899 

8773866 

1067 

11*226134 

10*000765 

18   2 

9*999*-35 

24 

34> 

at 

as 

8774*63 

I060 

11*225837 

8774932 

1064 

11-225068 

10*000769 

19   2 

9999231 

tt 

30 

96 

30 

40 
4t 

8775**3 

IO58 

1 1 -224777 

8*775995 

1062 

1 1*224005 

10-000773 

20  2 

21  3 

9*999**7 

tt 
18 

35 

3a 

8776279 

IO56 

11*223721 

8*777056 

1059 

11-222944 

10-000776 

9*999**4 

29 

44 

8*777333 

IO53 

11*222667 

8778114 

1057 

11*221886 

10-000780 

22    3 

9*999220 

III 

34 

at 

4t 

8778385 

IO5O 

11*221615 

8779169 

1054 

11-220831 

10*000784 

23    3 

9999216 

14 

31 

27 

48 

8*779434 

IO48 

11*220566 

8*780222 

1051 

11*219778 

10-000788 

24    3 

9999212 

It 

33 

at 

50 

8780480 

IO45 

11*219520 

8*781272 

1049 

11*218728 

10-000792 

25    3 

9*999*o8 

It 

38 

28 

5t 

8781524 

IO43 

1 1 -2 1 8476 

8*782320 

1047 

11*217680 

10*000795 

29   3 

9*999205 

S 

32 

at 

64 

8782566 

IO4O 

11*217434 

8783365 

1044 

11-216635 

10*000799 

^7    3 

9-999201 

• 

aa 

29 

60 

8783605 

IO37 

11*216395 

8*784408 

1041 

11-215592 

10*000803 

28   3 

9*999197 

4 

31 

30 

68 

8784641 

IO36 

11-215359 

8785448 

1040 

11-214552 

10-000807 

29   4 

9999193 

t 

an 

.10 

1ft 

8785675 

IO32 

11*214325 

8*786486 

1036 

11*213514 

10*0008 1 1 

30  4 

9999189 

0 

3d 

/  // 

in. 

Cosine 

D. 

Seomnt 

Cotang. 

D. 

Tangent 

Cotec. 

Parts 

Sine 

• 

/  " 

8->° 

5h  4l»m 
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LOG.  SINKS,  COSINES,  &c 

0*  I4m 

3° 

/  // 

m. 

Sine 

D. 

Cooec. 

Tangent 

D. 

Cotang. 

Secant 

Parts 

Cosine 

ft* 

/  // 

30 

SO 

0 

8-785675 

1032 

11*214325 

8*786486 

1036 

11*113514 

lO'OOOfil! 

9999189 

30 

1 

8*786707 

103 1 

11-213293 

8*7875*1 

1034 

11-212479 

10-000815 

l"o 

9999185 

58 

30 

31 

4 

8-787756 
8*788761 

1028 

1 1*212264 

8*788554 

1032 

11*211446 

10*000819 

2  0 

9999*8i 

50 

29 

JO 

0 

1025 

11*211238 

8-789585 

1019 

1 1*110415 

10-000822 

3  0 

9999178 

54 

30 

32 

8 

8-7*9787 

1023 

11*110213 

8*790613 

1027 

11*109387 

10*000826 

4    1 

9999174 

51 

20 

30 

10 

8*790808 

1020 

11*209192 

8*791639 

1025 

11*208361 

10*000830 

5    1 

9999170 

50 

30 

43 

11 

8-791828 

1019 

11*208172 

8*792662 

1022 

11-207338 

10*000834 

6    1 

9*999166 

48 

27 

30 

14 

8792845 

1015 

11*207155 

8*793683 

1019 

11-206317 

10x00838 

7    1 

9*999162 

46 

30 

34 

10 

8-793859 

1014 

11*206141 

8*794701 

1018 

11  105199 

io*cco842 

8    1 

9999158 

44 

20 

30 

10 

8-794872 

1011 

11*205128 

8*795718 

1015 

11*104282 

ICCCC846 

9    1 

9999*54 

41 

30 

35 

30 

10 

8795881 

1009 

11*204119 

8-79673' 

ion 

11*203269 

10-000850 
10*000854 

10    1 

n   1 

9999150 

40 

38 

2o 

30 

8-796889 

1006 

11*203111 

8*797743 

1011 

11-201257 

9*999146 

3* 

24 

8-797894 

1004 

11*202106 

8-798752 

1008 

11*201148 

10*000858 

12    2 

9999142 

30 

24 

v* 

to 

8-798897 

1001 

11-201103 

8-799759 

1005 

11*200241 

10*000862 
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18 

30 

58 

8*914256 

6  118 

,|,«*5744 

8-915714 

6  119 

11*084176 

10*001468 

35   4 

9098531 

10 

M 

43 

5i 

8*915011 

•  153 

1 1*084978 

8916495 

O154 

11*083505 

10*001473 

•»  4 

9*9985*7 

8 

17 

3(1 

54 

8*915787 

7  179 

1 1*0842 1 3 

8*917265 

7  180 

11*082735 

10*001478 

*7    5 

9998511 

6 

30 

44 

56 

8-916550 

8  104 

1 1*083450 

8*918034 

8106 

11*081966 

10*001484 

38   5 

9*998516 

4 

!0 

30 

58 

8-917313 

9  130 

11*082687 

8*918801 

9  131 

11*081199 

10*001489 

39   5 

9-998511 

2 

30 

45 

30 

10 

1 

8*918073 

IO255 

11*081917 

8*919568 

IO157 

11*080432 

10*001494 

30    5 

9*998506 

«1 

58 

16 

36 

8-918833 

1    25 

11*081167 

8*910331 

1    *5 

»i  -079668 

10*001499 

1    0 

9-998501 

46 

4 

8919591 

9    50 

11*080409 
11*079652 

8*911096 

9  si 

11*078904 

10*001505 

3   0 

9-998495 

58 

14 

30 

6 

8-910348 

*    75 

8*911858 

3  76 

11*078142 

10*001510 

3    1 

999849c 

54 

30 

47 

8 

8*911103 

4  100 

11*078897 

8*911619 

4  101 

11*077381 

10*001515 

4    1 

9998485 

52 

13 

30 

10 

8-921858 

»I2S 

11-078142 

8*923378 

6  116 

11*076621 

10*001521 

5    1 

9-998479 

JO 

30 

48 

It 

8*911610 

6  150 

11*077390 

8*924136 

6  151 

11*075864 

10*001526 

6    1 

9*998474 

48 

12 

31 

14 

8*923362 

7  175 

11*076638 

8924893 

7  177 

11*075107 

10*001531 

7    1 

9-998469 

40 

30 

40 

16 

8*924112 

8  101 

11*075888 

8*9*5649 

8  101 

11*074351 

10*001536 

8    1 

9998464 

44 

II 

30 

18 

8*924861 

9226 

11*075139 

8*926403 

9  117 

11*073597 

10*001542 

9   1 

9998458 

42 

30 

60 
30 

to 

t* 

8*02^609 

10  251 

i"*°7439" 

8927156 

10  153 

11*072844 

10*001547 

10  1 

11  1 

9998453 

40 

38 

10 

31 

8926355 

1     25 

11*073645 

8*927908 

•    *5 

1 1  '072092 

10*001552 

9-998448 

51 

14 

8*927100 

*    49 

1 1  '071900 

8*928658 

3    50 

11*071342 

10*001558 

13   1 

9-998442 

36 

0 

30 

to 

8*927844 

3    74 

11*071156 

8929407 

3    74 

11*070593 

10*001563 

13   1 

9*998437 

34 

30 

V2 

28 

8928587 

4    99 

11-071413 

8*930155 

4    99 

11*069845 

10*001569 

14    3 

9-998431 

32 

8 

30 

30 

8*929328 

6  123 

11*070671 

8*930902 

5  124 

11x69098 

10*001574 

15    3 

9-998426 

30 

30 

53 

3*1 

8*930068 

6  148 

1 1*069931 

8*931647 

6  149 

11*068353 

10*001579 

16   3 

9998421 

18 

7 

30 

34 

8*930806 

7J73 

11*069194 

8-932391 

7  174 

11*067609 

10*001585 

17    3 

9*99*4' 5 

16 

30 

54 

30 

8931544 

8  197 

11*068456 

8*933>34 

6  199 

11*066866 

10*001590 

18   3 

9*9984 10 

II 

6 

30 

3* 

8*932280 

9  222 

11*067720 

8-933876 

9  223 

1 1*066124 

10*001596 

19   3 

9*998404 

12 

30 

55 

30 

40 
It 

8933015 

IO247 

11*066985 

8*934616 

IO248 

1 1*065384 

10x01601 

30  4 

31  4 

9998399 

to 

18 

6 

30 

8*933749 

I    24 

11*066151 

8*935355 

•    *4 

1 1*064645 

10x01606 

9^8394 

Mi 

41 

8*934481 

*    4* 

11*065519 

8*936093 

*    49 

11*063907 

10*001612 

33   4 

9*998388 

16 

4 

30 

m 

8*935212 

*    73 

11*064788 

8-936830 

3    73 

11*063170 

10*001617 

23   4 

9998383 

14 

30 

67 

48 

8*935941 

*    97 

11-064058 

8*937565 

4    98 

11*062435 

10*001623 

34   4 

9*998377 

It 

3 

30 

M 

8*936671 

5  121 

11*063319 

8938299 

6  122 

1 1*061701 

10*001628 

35   4 

9*998372 

10 

30 

58   |» 

8  937398 

6145 

11*061602 

8*9390*12 
8*939764 

0  147 

11*060968 

10*001634 

36    5 

9*998366 

8 

tt 

30     *l 

8-938125 

7  170 

u#o6i875 

7  171 

11*060236 

10x01639 

*7    5 

9*998361 

6 

30 

50   •*» 

8-938850 

8  194 

1 1*061150 

8*940494 

8  195 

11 '059 506 

10*001645 

38    5 

9998355 

4 

1 

30 

«8 

3*93957} 
8*940196 

9218 

11*060427 

8*941224 

9  220 

11*058776 

io#coi65o 

39    5 

9*998350 

t 

30 

00    1 

BO 

10  242 

11*059704 

8*941952 

10  244 

11*058048 

10*001656 

30    5 

9*998344 

0 

0 
9  91 

9  99 
i 

m* 

Cosine 

Parts 

Secant 

Cotan*. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

•>* 

H5°                                                         bh  40m 

J48 

TABLE  C8 

LOG.  SINES,  COSINES.  &c 

0»»  20m                                                    S° 

/  // 

•. 

Sine 

Porto 

Cooec 

Tangent 

Parti 

Cotang. 

Secant 

Parts 

Cosine 

f' 

/  1 

0 

0 

8*940296 

11*059704 

8*941951 

1 1-058048 

10*001656 

9998344 

ft* 

30 

l 

8*941017 

l"i4 

11-058983 

8*941679 

1**4 

11*057321 

10*001660 

l"o 

9998339 

43 

» 

1 

4 

8*941738 

2    4« 

11*058262 

8-943404 

2    48 

11-056596 

io*ooi667 

t  0 

9*998333 

56 

58 

30 

f 

8*942457 

3    71 

11*057543 

8*944129 

3    7* 

11055871 

10*001672 

3    1 

9*998318 

54 

j» 

s 

• 

8-943174 

4    95 

11*056826 

8944852 

4    96 

1 105  5 148 

10*001678 

4    I 

9*998311 

« 

58 

33 

10 

8943891 

6  119 

11*056109 

8*945574 

5  no 

11*054416 

10*001684 

ft    1 

9*998316 

SO 

30 

3 

IS 

8*944606 

6  143 

11*055394 

8*946295 

0  144 

11*053705 

10*001689 

6    1 

99983 11 

48 

57 

3§ 

14 

8*945321 

7  167 

11*054679 

8*947015 

7  168 

11*051985 
11*052266 

10*001695 

7    1 

9*998305 

46 

30 

4 

'0 

8*946034 

8  191 

11*053966 

8*947734 

8  191 

10*001700 

8   2 

9*998300 

44 

56 

30 

18 

8'946745 

9214,11*053255 

8*948451 

9  2i6 

11*051549 

10*001706 

9  1 

9*998194 

It 

30 

6 

30 

to 
si 

8*947456 

10  238 

11*052544 

8*949168 

10  240 

11*050832 

10*001711 

10  1 

11  1 

9998189 

40 
38 

55 

30 

8*948166 

1    23 

11*051834 

8*949883 

1     24 

11*050117 

10*001717 

9*998183 

6 

u 

8*948874 

*    47 

11*051126 

8*950597 

8    47 

11*049403 

10*001723 

12   l 

9*998i77 

36 

54 

90 

so 

8*949581 

3    70 

11V50419 

8*951309 

3    71 

11*048691 

10*001728 

13    l 

9098171 

34 

30 

7 

to 

8*9^0287 

4    94 

11049713 

8*952011 

4    9** 

11047979 

10*001734 

14    3 

9*998166 

JS 

53 

ao 

30 

8950992 

ft  117 

11*049008 

8*952732 

5  118 

11*047268 

10*001740 

1ft    3 

9*998160 

SO 

30 

8 

J! 

8*951696 

;$ 

11*048304 

8-953441 

6  142 

iro46«*59 

10*001745 

18   3 

9*998255 

-03 

52 

10 

34 

8*952398 

11*047602 

8f954'4? 
8*954856 
8955562 

7165 

11*045851 

10*001751 

17   3 

9*998149 

-08 

30 

9 

M 

8*953100 

8  188 

11*046900 

8189 

11*045144 

10*001757 
10-001762 

18    3 

9998243 

*M 

61 

90 

38 

8*953800 

•  211 

11*046200 

9113 

"•044438 

19  4 

9998238 

*S 

30 

10 
30 

40 
4* 

8*954499 

10235 

11*045501 

8*956267 

10  136 

11*043733 

10*001768 

20  4 

21  4 

9*998131 

10 
It 

50 

30 

8*955197 

\l 

11*044803 
11*044106 

8*956971 

1    *3 

11*043029 
11*042326 

10*001774 

9*998226 

11 

4* 

*'955*94 

8*957674 

«    47 

10*001780 

92   4 

9*998210 

10 

49 

n  « 

8*956590 

11*043410 

8*958375 

3    70 

11*041625 

10*001785 

93   4 

9*998215 

14 

30 

12    140 

8957284 

4    92 

11*042716 

8*959075 

4    9J 

11*040925 

10*001791 

24    5 

9*998209 

11 

48 

30    50 

8*957978 

8115 

11*042012 

8*959775 

8  116 

11*040225 

10*001797 

2ft    5 

9998203 

10 

30 

IS  ln 

8*958670 

7  161 

11*041330 
11*040638 

8*960473 

8  140 

11*039527 

10*001803 

**   5 

9998197 

s 

47 

to  m 

8959362 

8*961170 

7163 

11*038830 

10*001808 

27   $ 

9*998192 

6 

30 

14 

56 

8*960052 

8185 

11*039948 

8-961866 

8186 

11*038134 

10*001814 

28    5 

9*998186 

4 

46 

to 

58 

8*960741 

9  208 

11*039259 

8*962561 

9  209 

11*037439 

10*001820 

29   6 

9*998180 

1 

3) 

13 
30 

a* 

i 

8*961420 

10  231 

11*038571 

8*963255 

IO133 

11*036745 

10*001826 

30  6 

9*998174 

58 

4ft 

3U 

8*962116 

1    23 

11*037884 

8-963947 

I    *3 

11*036053 

10*001832 

1    0 

9*998168 

Iff 

4 

8*962801 

*    45 

11*037199 

8964639 

t    46 

11*035361 

10*001837 

2   0 

9998163 

56 

44 

3f 

6 

8*963486 

3    68 

11*036514 

8*965329 
8*966019 

3    69 

11  03467 1 

10*001843 

3    l 

9-998157 

54 

34 

17 

8 

8*964170 

4    91 

11*035830 

4     91 

1 103  398 1 

10*001849 

4    1 

9-998151 

51 

43 

3k 

10 

8*964852 

5  114 

11*035148 

8*966707 

5  115 

11*033293 

10-001855 

ft    1 

9*998145 

50 

X 

18 

IS 

8*965534 

6136 

11*034466 

8*967394 

«  137 

11*032606 

10*001861 

6    1 

9*998139 

49 

42 

30 

14 

8*966214 

7  159 

11*033786 

8*968081 

7  160 

11*031919 

10*001867 

7    1 

9998133 

4>i 

30 

19 

10 

8*966893 

8  182 

11*033107 

8*968766 

8183 
9  106 

1 1-31234 

10  001872 

8   1 

9-998 128 

44 

41 

30 

18 

8967572 

9205 

11*032428 

8*969450 

11*030550 

10*001878 

9    l 

9*998:22 

41 

30 

2(1 
30 

SO 

is 

8*968249 

IO227 

11031751 

8*970133 

10  229 

11*029867 

10*001884 

10  2 

11  2 

9*998116 

40 
38 

49 

30 

8*96892  { 

1    22 

11*031075 

8*97081  c 
8*971496 

1    13 

11*029185 

10*001890 

9*998110 

21 

S4 

8 -96960a 

*    45 

11*030400 

*    45 

11*028504 

10*001896 

12   1 

9*998104 

38 

39 

30 

tfl 

8*970274 

3    67 

11*629726 

8*971176 

3    68 

11*027824 

10*001902 

13    3 

9-998098 

34 

30 

22 

S8 

8*970947 

4    89 

11*029053 

8*972855 

4    90 

11*017145 

10*001908 

14    3 

9998091 

31 

38 

30 

30 

8*971619 

6  112 

11*028381 

8973532 

5  113 

11*016468 

10*001914 

1ft    3 

9-998086 

30 

3J 

23 

3S 

8*972289 

•  134 

11*027711 

8*974209 

•  '35 

11*015791 

10*001920 

16    3 

9*998080 

*8 

37 

30 

34 

8*972959 

7.56 

1 1*027041 

8*974885 

7  158 

11*015115 

10*001926 

17   3 

9-998o74 

16 

30 

24 

36 

8*973628 

8  I*»9 

11*026372 

8*975560 

8  180 

11*014440 

10*001932 

18   4 

9*998068 

U 

36 

30 

3ft 

8*974296 

9  201 

11*025704 

8*976233 
8*976906 

9  203 
10  226 

11*013767 

10*001938 

19  4 

9*998062 

SS 

30 

25 

30 

40 
41 

8*9749** 

IO223 
1      22 

11*025038 

11*013094 

10*001944 

20  4 

21  4 

9*998056 

10 

18 

35 

30 

8*975628 
8*976293 
8*976956 

11*024372 

8*977578 

1     22 

1 1*022422 

10*001950 

9998050 

20 

44 

«    44 

11*023707 

8*978248 

9    44 

11*021752 

10*001956 

22    5 

9*998044 

16 

34 

30 

40 

3    66 

11*023044 

8-978918 

3    67 

11-011081 

10*001962 

23    5 

9098038 

14 

X 

27 

48 

8*977619 

4    88 

11*022381 

8*979586 

4    89 

11*020414 

10*001968 

24    5 

9*998032 

IS 

33 

30 

30 

8*978280 

ft  tio 

11*021710 

8*980254 

8  ill 

11*019746 

10*001974 

25    5 

9*998016 

10 

30 

28 

31 

8*978941 

•  132 

11*021059 

8*980921 

6  133 

11*019079 

10*001980 

28   5 

9*998010 

8 

32 

30 

M 

8*979600 

7  154 

11*020400 

8*981586 

7  156 

11*018414 

10*001986 

27    5 

9*998014 

0 

30 

29 

36 

8*980259 

8  176 

11*019741 

8*982251 

8  178 

11*017749 

10*001992 

28   6 

9*998008 

4 

31 

3* 

58 

8*980916 

9  19S 

11*019084 

8*982914 

9  200 

11*017086 

10*001998 

29   6 

9*998001 

1 

30 

90 

ma 

8*981573 

10  220 

1 1*018427 

8*983577 

10  222 

11*016423 

10*002004 

30   6 

9-997996 

0 

30 

/  // 

•. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cooec. 

Parts 

Sine 

t  n 

84° 

hh  :)8"» 

TABLE  68 


740 


LOG.  SINES.  COSINES,  he 

O*   ggm                                                                       50 

/  // 

». 

Sine 

Puts 

Cooec 

Tt*f«nt 

Part. 

Cot-mg. 

Secant 

ParU 

Cosine 

,*■**• 

/  // 

80 

0 

8-981573 

11*018427 

8*983577 

• 

11*016423 

10-002004 

9*99:99* 

•9*9 

30 

10 

9 

8*981228 

1"  22 

11-017772 

8-984238 

1"22 

11*015762 

10*002010 

l"o 

999799c 

58 

30 

31 

4 

8*982883 

*    43 

11*017117 

8984899 

3    66 

11*015101 

10*002016 

9  0 

9*997984 

50 

•29 

10 

0 

8-983536 

3    65 

11*016464 

8-085559 

11014441 

10*002C22 

3    1 

9997978 

54 

30 

32 

8 

8984189 

4    87 

12*015811 

89862 17 

4    88 

11*013783 

10*002028 

4    1 

9*9°797* 

59 

28 

30 

10 

8-984840 

6  109 

11*015160 

8*986875 

5  110 

11*013125 

10*002035 

5    1 

9997965 

50 

30 

33 

13 

8985491 

6  130 

11*014509 

898753* 

6  131 

11*012468 

10*002041 

6   1 

9*997959 

48 

27 

30 

14 

8-986141 

7  152 

11-013859 

8988187 

7  153 

11*011813 

1 0*OO*x047 

7    1 

9*997953 

46 

St 

34 

10 

8*986789 

8174 

11-013211 

8-988842 

8  175 

11*011158 

10*002053 

8   2 

9997947 

41 

26 

30 

18 

8-987437 

9195 

11*012563 

8989496 

9  197 

11*010504 

10*C02059 

9   2 

9997941 

49 

Sf 

3d 

30 

90 
92 

8988083 

10  217 

11*011917 

8-990149 

10*19 

11*009851 

I0'C02C65 

10  2 

11  2 

9*997935 

40 

38 

25 

38 

8988729 

1      21 

11*011271 

8*990801 

1     22 

11*009199 

I0'002071 

9*9979*9 

36 

94 

8989374 

«    43 

1 1*010626 

8991451 

*    43 

11*008549 

10*002078 

ia  2 

9997922 

38 

24 

30 

90 

8*990017 

3    64 

11009983 

8*992101 

3    65 

11*007899 

I0'C02084 

13   3 

9-997916 

34 

38 

37 

98 

8*990660 

4    85 

11*009340 

8*992750 

4    86 

11*007250 

•OXO2O9O 

14    3 

9*997910 

39 

23 

30 

30 

8*991302 

5  107 

11*008698 

8-993398 

5  108 

11*006602 

IOXO2096 

15    3 

9*997904 

30 

30 

38 

J9 

8-991943 

6  128 

11*008057 

8-994045 

6  129 

11-005955 

10*002103 

16   3 

9*997897 

98 

29 

30 

34 

8992583 

7  150 

11*007417 

8994692 

7  151 

11-005308 

IO'OC2109 

17   4 

9*997891 

98 

30 

39 

38 

8-993222 

8  171 

11*006778 

8*995337 

8  173 

1 1*00466  3 

10*002115 

18  4 

9*997885 
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Tangent 

Parts 

Cotang. 

Secant 

Parrs 

Cosine 

m 

*   I 

30 

30 

0 

9*169702 

10*830298 

9-174499 

10-825501 

1CC04797 

99952C3 

30 

S 

9*170125 

1*  14 

10*829875 

9*174931 

l"  14 

10*825069 

10*004806 

V 

c 

T995-94 

a*- 

31; 

31 

4 

9*170547 

3    28 

10*829453 

9*175362 

3    *9 

10*824638 

10*004816 

2 

1 

9*995 '84 

to 

an 

30 

e 

9*170968 

3    41 

10*829032 

9*»75793 
9*176224 

*    43 

10*824207 

10004825 

3 

1 

9*995*75 

5-1 

31 

32 

8 

9-171389 

4    56 

10*828611 

4    57 

10*823776 

10*004835 

4 

1 

9995165 

5 

ill 

30 

10 

9*171810 

5    70 

10*828190 

9*176654 

8    72 

10-823346 

10-004844 

6 

2 

9'995>56 

50 

3d 

S3 

is 

9*172130 

6    84 

10*827770 

9-177084 

6    86 

10*822916 

10*004854 

6 

2 

9*995146 

48 

27 

30 

14 

9T/2650 

7    98 

10*827350 

9*»775»3 

7  100 

10*822487 

10*004863 

7 

2 

7*995  »37 

40 

3« 

34 

16 

9*173070 

8  112 

10*826930 

9*17794* 

8115 

10-812058 

10-004873 

8 

3 

9995127 

44 

fefi 

30 

18 

9*173489 

9  126 

10*826511 

9*178371 

9129 

10*821629 

10-004882 

9 

3! 

99951 18 

4*2 

31' 

36 

30 

to 

SS 

9*173908 

10  140 

10-826092 

9*178799 

*•  '43 
•     '4 

10*821201 

10*004892 

10 
11 

3 
4 

0*995108 

40 
JO 

26 

3D 

9*174326 

1      14 

10*825674 

9- 179227 

10-820773 

10004901 

9*995099 

38 

S4 

9*174744 

2  28 

10-825256 

9*179655 

2    28 

10*820345 

10*004911 

12 

4 

9*995089 

30 

24 

30 

SO 

9*175161 

3  41 

10*824839 

9-180089 

3    43 

10-819918 

10*004920 

13 

4 

9*995080 

34 

311 

97 

18 

9*175578 

5  69 

10*824422 

9*180508 

♦    57 

10*819492 

10*004930 

14 

4 

9995070 

32 

23 

30 

30 

9*«75995 

10-824005 

9*180934 

6    71 

10*819066 

10004939 

15 

5 

9*995061 

30 

so 

ft* 

33 

9*176411 

8    83 

10-823589 

9*181360 

«    85 

10-818640 

10*004949 

16 

5 

9*995051 

•28 

22 

St 

34 

9*176827 

7    97 

10*823173 
10*822758 

9*181786 

7    99 

10*818214 

10*004959 

17 

5 

9*995041 

StJ 

30 

39 

30 

9*177242 

8  in 

9-1811*11 

8  114 

10*817789 

10*004968 

18 

6 

9-995032 

•24 

21 

30 

38 

9*177657 

9  124 

10*822341 
10*821928 

9*182635 

9  128 

10*817365 

10*004978 

19 

6 

9995022 

« 

30 

46 

40 

42 

9*178072 

10  138 

9*183059 

10  142 

10*816941 

10*004987 

20 
21 

6 

7 

9*9950*3 

SO 
18 

20 

so 

30 

9*178486 

1      14 

10*821514 

9*183483 

»     14 

10*816517 

10*004997 

9*995003 

41 

44 

9*178900 

2  27 

10-821 ICO 

9*18390- 

9    28 

10-816093 

10*005007 

22 

7 

9*994993 

10 

19 

M 

40 

9*179313 

3  41 

10*820687 

9*184330 

3    42 

10*815670 

10*005016 

23 

7 

9*994984 

14 

30 

43 

48 

9*179726 

4    55 

10-820274 

9*184751 

4    56 

10-815248 

10*005026 

24 

8 

9*994974 

IS 

18 

30 

50 

9*180139 

5    69 

10*819861 

9*185175 

6    70 

10*814825 

10-005036 

25 

8 

9*994964 

10 

30 

43 

5* 

9*180551 

6    82 

10*819449 

9^5597 

6    84 

10-4 14403 

10*005045 

26 

8 

9*994955 

8 

17 

30 

54 

9*180963 

7    96 

10*819037 

9*186018 

7    98 

10*813982 

10*005055 

27 

9 

9*994945 

0 

so 

44 

50 

9*181374 

8  no 

10*818626 

9- 186439 

8  113 

10*813561 

10*005065 

28 

9 

9*994935 

4 

18 

30 

58 

9*181785 

9  124 

10*818215 

9' 186860 

9  127 

10*813140 

10*005075 

29 

9 

9*994925 

S 

30 

45 

90 

38 

1 

9*182196 

10  137 

10*817804 

9*187280 

IO141 

10*812720 

10*005084 

30  10 

5*994916 

28 

68 

15 

30 

9*182606 

1     14 

10*817394 

9*187700 

1     14 

ie'812300 

10*005094 

I 

0 

9-994906 

48 

4 

9*183016 

9    27 

10*816984 

9*188120 

3    28 

io-8 11880 

10*005104 

2 

1 

9*994896 

50 

14 

30 

0 

9*183425 

3    41 

10*816575 

9188539 

3    42 

10*811461 

■0*005113 

3 

1 

9*994887 

54 

30 

47 

• 

9*183834 

4     54 

10816166 

9*188958 

4    56 

10*811042 

10*005123 

4 

1 

9*994877 

62 

13 

30 

10 

9*184143 

6    68 

10815757 

9*189376 

6    70 

10*810624 

10*005133 

5 

2 

9*994867 

50 

so 

48 

IS 

9- 18465 1 

6    82 

10*815349 

9*189794 

«    84 

10*810206 

10*005143 

6 

1 

9*994857 

48 

12 

30 

14 

9*185059 

7    95 

10*814941 

9*190212 

7    98 

10*809788 

10-005153 

7 

2 

9*994847 

40 

so 

49 

If 

9*185466 

8  109 

10*814534 

9*190629 

8  in 

10*809371 

10*005162 

8 

3 

9-994838 

44 

11 

30 

18 

9*185874 

9  122 

10*814116 

9*191046 

9  125 

10*808954 

10*005172 

9 

3 

9*994828 

•IS 

80 

68 

30 

SO 

ss 

9*186280 

10  136 

10*813710 

9*191462 

10  139 

10*808538 

10*005182 

10 
11 

3 

4 

(9*994818 

40 

38 

10 

30 

9*  186686 

•     '3 

10-813314 

9*191878 

•     H 

10*  808122 

10*005192 

9-994808 

61 

S4 

9*187092 

9    2; 

10*812908 

9- 192294 

3    28 

10-807706 

10-005202 

12 

4 

9*994798 

30 

9 

SO 

SO 

9*187498 

3    40 

10*811502 

9*192709 

3    41 

10*807291 

10*005211 

13 

4 

9*994789 

34 

30 

63 

S8 

9*187903 

*    54 

10*812097 

9*193124 

U 

10*806876 

10*005221 

14 

5 

9*994779 

33 

8 

80 

30 

9*188308 

6    67 

10*811692 

9' '93539 

10*806461 

10*005231 

15 

5 

9-994769 

30 

so 

63 

3S 

9*188712 

6    81 

10*811288 

9*-93953 
9*194367 

6    83 

10*806047 

10-005241 

16 

5 

9*994759 

48 

7 

30 

34 

9*189116 

7    *4 

10-810884 

7    97 

10*805633 

10*005251 
10*005261 

17 

6 

9*994749 

•20 

*♦ 

64 

30 

9*189519 

8  108 

10*810481 

9*  194780 

8  no 

10*805220 

18 

6 

9*994739 

24 

8 

so 

38 

9*  189913 

9  111 

10*810077 

9- 19519} 
9*195606 

9  114 

10-804807 

10-005271 

19 

6 

9*994719 

SS 

30 

66 

so 

40 
4i 

9*190325 

ro  135 

10*809675 

10  138 

10*804394 

10*005280 

20 
21 

7 
7 

9*9947ic 

SO 
18 

ft 
30 

9*190728 

1    '3 

10*809172 

9-196018 

1     H 

10*803982 

10*005290 

9*9947  ic 

68 

44 

9*191130 

*    17 

10-808870 

9*196430 

2    17 

10*803570 

10-005300 

23 

7 

9*99470c 

10 

4 

30 

40 

9*191532 

8    40 

10*808468 

9*196842 

3    41 

10*803158 

10*005310 

23 

8 

999469c 

14 

so 

67 

48 

9-191933 

4  V 

6    67 

10*808067 

9*197253 

.if 

10*801747 

10*005320 

24 

8 

999468c 

IS 

3 

SO 

50 

9*19*334 

10*807666 

9*197664 

10*801336 

10*005330 

33 

8 

9.99467c 

10 

so 

68 

5S 

9*'9*734 

6    80 

10*807266 

9*198074 

»   <a 

10*801926 

10*005340 

28 

9 

9*994660 

H 

3 

30 

54 

9*193134 

7    93 

10*806866 

9- 198484 

7    96 

10*801516 

*t>*rx>5350 

37 

9 

9*99465C 

Ii 

so 

69 

58 

9*»93534 

8  107 

10*806466 

9*198894 

8  109 

10*801106 

10*005360 

28 

9 

9.99464? 

4 

1 

30 

58 

9* '93933 

9  120 

10*806067 

9*199304 

9  1*3 

10*800096 

io*co537o 

29  10 

9*994630 

S 

w 

88 

38 

9*194331 

10  133 

10*805668 

9*  1997 1 3 

IO137 

10*800287 

10*005**  80 

30  10 

909462c 

A 

0 

/  #/ 

Cosine 

P*rti 

Secant 

Cotang. 

Parts 

Tangent 

Coeec.    1  Parts 

Sme 

*• 

/  // 



81° 

ft> 

— 

ft 

756 

TABLfc  68 

LOO.  SINES,  COSINES,  au\ 

<>»'  36,n                                                          «° 

/  n 

m. 

Sine 

Parti 

Cotec. 

10-805668 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

•. 

/  // 

0 

0 

9*194332 

9*  1997 1 5 

10*800287 

10*005380 

9094620 

a* 

60 

39 

l 

9*194731 

1*  13 

10*805269 

9*2COI2I 

l"i3 

io*799*79 

10*005390 

To 

9994610 

58 

36 

1 

4 

9*195129 

9    26 

10*804871 

9*200529 

2    27 

10*799471 

10*005400 

2    1 

9*994600 

96 

69 

33 

0 

9*195527 

3    39 

10*804473 

9*200937 

3    40 

10-799063 

ICCC541C 

3    I 

9*99459° 

94 

3i' 

2 

8 

9*195925 

4     52 

10*804075 

92OI345 

4     I4 

10798655 

10*005420 

4    l 

9*994580 

51 

541 

30 

10 

9*196322 

6    65 

10-803678 

9*201752 

5    67 

10*798248 

10*005430 

6    2 

9994570 

90 

36 

3 

It 

9*196719 

6    79 

10*803281 

9'202159 

6    81 

10-797841 

10*005440 

6   1 

9994560 

46 

67 

30 

14 

9*197115 

7    92 

10*802885 

9*202565 

7    94 

10-797435 

10*005450 

7   2 

9*994550 

46 

30 

4 

10 

9-197511 

8  105 

10*802489 

9*202971 

8  108 

10*797029 

10*005460 

8    3 

9994540 

44 

56 

SO 

18 

9*197907 

9  118 

10*802093 

9*203377 

9  121 

10*796623 

10*005470 

2    3 

9*99453° 

41 

» 

p 

so 

to 

9*198302 

10  131 

11  144 

10*801698 

9*203782 

10  134 

11  148 

10*796218 

10*005481 

10    3 
U    4 

9*994*  »9 

46 

36 

5a 

30 

9*198697 

10*801303 

9'204l88 

10*795812 

10*005491 

9-994509 

0 

14 

9*199091 

12  157 

10*800909 

92O459I 

19  161 

10*795408 

10*005501 

12   4 

9*994499 

36 

44 

30 

16 

9*199486 

13  170 

10*800514 

92O4996 

13  175 

10-795004 

10*005511 

13   4 

9*9944*9 

34 

3* 

7 

18 

9*199879 

14  183 

10*800121 

9*20C400 

14  188 

10*794600 

10*005521 

14    5 

9*994479 

31 

63 

30 

30 

9100273 

1ft  197 

10*799727 

Q*20<j804 

16  201 

10*794196 

10-005531 

16    5 

9*994469 

36 

30 

8 

31 

9*200666 

16  110 

10-799334 

9*206207 

16  115 

10*793793 

10005541 

16    5 

9*994459 

16 

62 

30 

J4 

9*201059 

17  ill 

18  136 

10*798941 

9*106610 

17  129 

10*79:390 

10*005552 

17   6 

9*99444* 

16 

3n 

9 

30 

9*201451 

10-798549 

••207013 

18  241 

10-791987 

10*005562 

18   6 

9*99443* 

14 

51 

so 

38 

9*201843 

19  249 

10*798157 

9207415 

>*»55 

90  169 

91  282 

10*792585 

10*005572 

19   6 

9*9944** 

11 

30 

10 

30 

40 
41 

9*202234 

99  161 

21*75 
99  228 

10*797766 

9-207817, 

10792183 

10*005582 

20  7 

21  7 

9*9944** 

10 
16 

50 

30 

9*102626 

10*797374 

9*108118 

10*791782 

10*005592 

9*9944o8 

11 

44 

9*203017 

10*796983 

9*108619 

99295 

10-791381 

10*005602 

22    7 

9*99439* 

16 

48 

30 

48 

9*203407 

93  301 

10*796593 

9*209020 

93309 

10*790980 

10*005613 

23    8 

9*9943*7 

14 

30 

IS 

48 

9*203797 

94315 

10-796203 

9*209420 

94323 
96336 

10*790580 

10*005623 

24    8 

9*994377 

11 

40 

30 

50 

9104187 

9ft  328 

10*795813 

9*209820 

10*790180 

10*005633 

26   8 

9*994367 

10 

30 

IS 

n 

9*204577 

98341 

10*795423 

9*210220 

96350 

10*789780 

10*005643 

96   9 

9*994357 

8 

47 

so 
14 

94 

60 

9*204066 
9*205354 

•7  354 
98367 

10*795034 
10*794646 

9'2I06l9 
9-2I10I8 

97  361 
98376 

10*780381 
10*788981 

10*005654 
10*005664 

97    9 
28   9 

9*994346 
9*994336 

6 
4 

30 

46 

so 

88 

9*05743 
9*206131 

99380 

10*794257 

9-2114I7 

99390 

10-788583 

10*005674 

29  10 

9*9943*6 

1 

30 

16 

so 

ST 

1 

f°393 

10-793869 

9*211815 

•9403 

10*788185 

10*005684 

30  10 

9-994316 

as 

98 

46 

9*206519 

1    *3 

10793481 

9*212213 

1     13 

10*787787 

10*005695 

1    0 

9*994305 

30 

It 

4 

9*206906 

*    *5 

10*793094 

9*2I26ll 

9    16 

10*787389 

10*005705 

2    I 

9*994*95 

96 

44 

30 

0 

9*207293 

3     38 

10*792707 

9*213002 

3    39 

1078699s 

10*005715 

3    l 

9*994**5 

94 

30 

l7 

8 

9207670 
9-208066 

ft    64 

10*792321 

9213405 

♦    5* 

10786595 

10*005726 

4    1 

9*994*74 

91 

43 

30 

10 

10*791934 

9*213802 

6    65 

10-786198 

10*005736 

6   2 

9994*64 

90 

30 

10 

11 

9208451 

6    76 

10*791548 

9*214198 

6    79 

10*785801 

10-005746 

6   2 

9*994*54 

48 

42 

30 

14 

9*108837 

7    89 

10*791163 

9*214594 

7    9* 

10-785406 

10*005757 

7   2 

9*994*43 

46 

30 

It 

16 

9*209222 

8  102 

10*790778 

9*214989 

8  105 

10*785011 

10*005767 

8   3 

9*994*33 

44 

41 

so 

18 

9*209607 

9  115 

10*790393 

9*215j85 

9  118 

10-784615 

10*005777 

9   3 

9*994**3 

48 

30 

20 

30 

M 

n 

9*209992 

10  127 

11  140 

10*790008 

9*215780 

10  131 

11  144 

10-784110 

10*005788 

10  3 

11  4 

9-994212 

46 

38 

40 

30 

9*210376 

10*789624 

9*216174 

10*783826 

10*005798 

9*994201 

91 

14 

9*210760 

19153 
13  166 

10*789240 

9*2165*8 

12157 

10*783431 

10*005809 

12   4 

9-994191 

38 

39 

30 

16 

9*111141 
9*2115x6 

10*788857 

9*216962 

13  170 

10-783038 

10*005819 

13   4 

9*994181 

34 

30 

29 

18 

14  178 

10*788474 

9>-2!7356 

14  183 

10-782644 

10*005829 

14    5 

9*  >94«7i 

31 

38 

30 

30 

9*211909 

16  191 

10*788091 

9*217749 

15  196 

10*782251 

10*005840 

15    5 

9^94160 

36 

30 

23 

31 

9*212291 

10  204 

10*787709 

9*218142 

16  2 10 

10*781958 

10*005850 

16    5 

9*994150 

16 

37 

30 

34 

9*212674 

17  217 

10-787326 

9*218534 

17  223 

10*781466 

10*005861 

17    6 

9-994139 

*36 

30 

24 

36 

9*213055 

18  229 

10*786945 

9*218926 

18  136 

10*781074 

10*005871 

18   6 

9*994129 
9*994118 

94 

36 

30 

36 

9**13437 

I9242 

10*786563 

9*219318 

•0*49 

10*780682 

10-005882 

19  6 

n 

-30 

2ft 

30 

40 
41 

9*213818 

«0  255 

91  268 

10*786182 

9-219710 

20  262 

21  275 

10*780290 

10*005892 

20  7 

21  7 

9*994108 

16 
18 

35 

30 

9*214198 

10-7*5802- 

9*220IOI 

10*779899 

10*005903 

9*994097 

20 

44 

9*214579 

99  28o 

10*785411 

9'220492 

29  288 

10779508 

10*605913 

22   7 

9*994087 

16 

34 

30 

46 

9*214959 

93293 

10*785041 

9*220882 

23  301 

10*779118 

10*005924 

23   3 

9-994076 

14 

30 

27 

48 

9*215338 

94  306 
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0*634623 
0634116 
0*634049 
-fol7*3 


0*633476 
0*633190 
0-632904 
0*631618 
10*632332 
0*632047 
0*631761 
ro  611476 
^0*631191 
0*610906 

10-630612 
10-630337 
10-630053 
10-619708 
10-619484 
(0*629201 
(0-628917 
so"6i86j3 
(0*618350 
10*618067 


0*627784 
0*627501 
0-61711! 
o  616936 
0626651 
0*626371 
0626089 
0*625807 
o  615515 
0*615244 


0-614961 
o  614681 
o  614400 
0-614119 
0613S38 

o  613558 
0623177 
0*621997 
0*611717 

■  h  z  •  4  -  - 
0*1*21  1 57 
0-611878 
o'6n  598 
061 1 3  19 
0621040 

620761 
0*620482 
0-620103 
061 991 5 
0*6*9646 


Tnr>ppnt 


Sciimii' 


10*0 1 1176 
10*01 1191 
io'oi  1305 
10-01 J  310 
1001 1 334 
10011349 
10-011364 
1001 1378 
10*01 1391 
io'oi 140* 
10-011411 


io'oi 1437 

io'oi  1452 
1001 1466 
10*011481 
10*011496 
10-011511 
10-011515 
io'oi 1540 

10-011555 

10-011570 
10011584 
10*011599 
10*011614 
10*011629 

io'oi 1644 

10-011658 
1001 1671 

1001168* 
10*011701 

10*011718 


10*011713 
o  01174I 
0*011763 
0*011777 
10-011792 
10-011807 
10-011821 
1001 1837 
10*011852 
10*011867 


10-011882 

10-011897 
1001 1912 
10-011927 
10-011941 

10011957 
10-011971 
10*011987 
10-012002 
10*011017 


10-011011 
0-011047 
10-011061 
10*011078 
10012093 

10*011 10S 
10*011113 

10*011138 
10-011151 
10'oriitiR 

COM* 


Putt*    C 1  mil  if 


<9 

To  9 

*    1  9 

'  9 

a  9 

*  9 

3  9 

3  9 

4  9" 

4  9 

5  I 


5  9 

6  9 

6  9 

7  9 


20  10 

21  1 

22  11 
93lt 
94  12  9 

9 

9 


25  12 
WiJ  9 


l+ 

9»i4 


988-14 

9K8695 
988680 
9 S 8666 
98*651 
98R636 
988622 
98*60 7 
9^59^ 
9^578 


9ii56] 

9*854! 

9**534 

9X8519 
9**504 

98S489 

988475 
988460 
98844  <; 


"J 
9 
9 

0  9 
9 
9 

1  9 
ii9 

I  9 

3  9 
+  9 

4  9 

5 
6 

6J9 

7 

B  9 
8 

') 
9 


3 
3 

4 
5 

6 

7 

$ 

n 
11 
ii 
u 
15 
14 
17 

19 

20  10 

21  10 
29  1 E 
33  II 

24  12 

25  12 

»n 

97l3fc 

2S14-9 
19  14  9 


Furl* 


9884 e6 
98S401 
9SSJS6 
988371 
988336 

988142 
988327 
988112 
988297 
988282 
^8267 

988252 

9**137 
988223 
9*3 208 
9S3i93 
9^8178 
98*16-1 
9*8148 
9»*U3 


9^*118 
9*Sjo3 

9SS0S8 
9**073 

9*805* 
9**043 
988028 
9&Koij 
987998 
9*7?83 


9879*8 
987951 
987937 
987922 
987907 
987892 
987877 
987861 
9*7*47 
9*-7*-ii 


Sine 


m 

da 

» 

■ 
m 

2" 

hh_ 

M 

t4 

f>i 

m 
vi 

j« 

411 


17 

4<i 

m 


43 

41 

If 
41 

m 
|6 

™ 

19 

VI 

la 

r* 

37 

H 
I< 

m 

aa_ 

M 

34 

8" 

3d 

H 

:*j 

M1 
31 

SO 


TABLE  68 


7C5 


LOG.  SINES,  COSINES,  &e. 


0**  54,tt 


13° 


38 

at 
31 

at 
33 

at 

sa 

at 
SI 

at 
35 

at 
M 

at 
»7 

at 

38 

at 
99 

at 

— 

at 
41 

at 
42 

at 
43 

at 


44 

at 
40 

3t 

47 

at 

48 

at 
49 

at 


61 

at 
62 

at 
63 

at 
64 

at 
66 

at 
66 

at 
67 

at 

68 
at 

69 
a* 

ISO 

7771 


Sine       Parts 


9-368185 
9-368448 
9*368711 
9*368974  3 
4 
5 
6 
7 
8 
t 
10 

11 


9-  369236 
9.369499 

9.36976 

9.370023 

9-370285 

9-370546 

9.370808 


9-371069 
9*371330 
9-37159' 
937185a 
9-372113 

9*37*373 
9-372634 

9-371894 
9*373154 
9*373414  *>  »74 
9-37367411  18ft 

9*373933 M  *9> 
9-374192  ~ 
9-37445294208 
937471  > 
9*37497© 


12  104 

13  113 

14  122 

15  130 

16  139 

17  148 

18  156 

19  165 


217 
96  226 
9-37522897235 
9375487  9«243 

9*375745  **9  *5* 
9*37600330  261 


9-376261 
9-376519 
9*37*777 
9*377035 
9-377292 

9*377549 
9*3778o6 

9-378063 

9-378320 

9*378577 


9 

3 
4 
5 
6 
7 
8 
9 
10 

9*378833ll 
9-37908919 

9*37934*1* 

9-379601 

9*379*57 

9-38011 

9-380368(17 

9- 3801 

9*38o87^19 

9*38ii 


3>« 


134  » 


9-38138981 

9*381643 

9-38  "   ~ 

93821 

9*382406 

9-382661 

9*3**9'4|?7 

9383  " 

9-383422 

9-383675 


189888 
15286 


i.|  Cosine      Parti 


8 
17 
*5 

34 
4* 
51 
59 
68 
76 
85 

94 
102 
111 
14  119 
16  128 
136 
"45 

170 

179 
187 
196 
204 

96  213 

96  222 

230 

*39 

39*47 

30  256 


Cotec. 


0*631815 
0631552 
0*631289 
0*631026 
0*630764 
0*630501 
0*630239 
0629977 
0*629715 
0-629454 
0-629192 


0*628931 
0-628670 
0*628409 
0628148 
0*627887 
0-627627 
0-627366 
0*627106 
0*626846 
0*626586 


10*626326 
0*626067 
10-625808 
10-625548 
10*625289 
(0*625030 
0-624772 
10*624513 

0624255 
0-623997 


0*623739 
0-623481 
10*623223 
0*622965 
[0*622708 
0*622451 
0*622194 
10*621937 
10*621680 
10-621423 


0*621167 
10*620911 
0*620654 
0*620399 
0*620143 
0*619887 
10-619632 
0-619376 
[0*619121 
0*618866 


0*618611 

10*618357 
10*618102 
10*617848 
0*617594 
10*617339 
0*617086 
0*616832 
10-616578 
0-616325 


Secant 


Tangent 


9-380354 
9*380632 
9*380910 
9381 188 
9  -481466 
9381743 
9-382020 
9*382298 
9*382575 
9*382852 
9*3*3**9 


9-383405 
9*383682 
9383958 
9-384234 
9-384510 
9384786 
9*385062 

9*3*5337 
9*385612 
9-385888 


9*386163 
9*386438 
9*386712 
9-386987 
9-387261 
9*387536 
9*387810 
9*388084 
9-388358 
9-388631 


9*388905 
9-389178 
9-389451 
9389724 
9*3*9997 
9-390270 
9'390543 
939o8i5 
9-391087 

9*39i3*o 


9391632 
9*39i903 
9392175 
9*39*447 
9-392718 

9-392989 
939326c 

9*393531 
0*393802 

9'394073 


9*394343 
9394614 

9*394884 
9*395i54 
9*3954*4 

9*395*94 
9-395963 
9*396233 
9396502 
9*39*771 


Cotang. 


Part* 


9 
18 
28 

37 
4* 

55 
64 
74 
83 
92 

11  101 

12  110 

13  120 

14  129 
'3* 

16  147 

17  156 

18  166 

19  175 

20  184 

21  193 

22  202 

23  212 

24  221 
26  230 
26239 
27248 
28258 
29267 
30  276 


Cotang. 


10*619646 
10*619368 
10*619090 
10*618812 
10*618534 
10*618257 
10*617980 
10*617702 
10-617425 
10*617148 
10*616871 


10*616595 
10*616318 
10*616042 
10*615766 
10*615490 
10*615214 
10*614938 
10*614663 
10*614388 
10*614112 


10-613837 
10-613562 
10*613288 
10*613013 
10*612739 
10*612464 
10*612190 
10*611916 
10*611642 
10*611369 


11  99 

12  108 

13  118 

14  127 

15  136 

16  145 

17i54 

18  16) 

19  172 

20  181 

21  190 
199 

23  208 

24  217 
226 

96235 
27244 
26253 
29262 
30  271 


Parti 
7C*° 


10-611095 
10*610822 
10*610549 
10*610276 
10*610003 
10*609730 
10*609457 
10*609185 
10*608913 
10*608640 


10-608368 
10*608097 
10*607825 

10*607553 
10*607282 

10*607011 
10*606740 
10*606469 
ic  606198 
10*605927 


10*605657 
10605386 
10*665116 
10*604846 
10*604^76 
10*604306 
10*604637 
10-603767 
10*603498 
10*603229 


Tangent 


Secant 


[C012168 
0*012184 
0*012199 
10*012214 
:o*oi22-»9 
0*012244 
10*012260 
0*01*275 
0-012290 
0*012305 
0*012321 


0*012336 
0*012351 
0*012366 
0*012382 
0-012397 
0*012412 
0*012428 
0-012443 
0*012458 
10*012474 


10*012489 
0*012504 
0*012520 
0*01*535 
0*012551 
0*012566 
0*012581 
0*012597 
0*012612 
10*012628 


0*012643 
0-012659 
10*012674 
0*012690 
0*012705 
0*012721 
0-012736 
0-012752 
0-012767 
0-012783 


0*012798 
0*012814 
0*012830 
0*012845 
0-012861 
0-012876 
0*012892 
0-012908 
0-012923 
0-012939 


^•012955 
0*012970 
0*012986 
0*013002 
0*013017 
0-013033 
0*013049 
0*013064 
0*013080 
0*013096 


Cotec. 


Part* 


Cosine 


(9*987832 
I"  1,9*9878 16 

1  9*987801 

2  9*987786 

2  9*9*777i 

3  9*9*775* 

3  9'9*774-c 

4  9*9*77*5 

4  9*9*77  10 

5  9*9*7695 

5  9*9*7679 

6  9*987664 

6  9987649 

7  9*9*7*34 

7  9*987*18 

8  9*9*7*03 

8  9*9*75** 

9  9*9*7572 
9  9*9*7557 

19 10  9*9*754* 

90  10  9*9*7526 

91  11  9'9*75H 

92  1 1  9*987496 
98  12  9-987480 
94  it  9*9*74*5 
38  «3  9*9*7449 
98 1  j  9*9*7434 
«»  «4  9*9*74i9 
9314  9*9*7403 
3915  9*9*73** 

1  j  9*987372 


■  9*9*7357 

■  9*9*7341 
t  9-987326 

*  9*9*73io 

3  9*9*7*95 

3  9*9*7*79 

4  9*9*7**4 

4  9*9*7*4* 

5  9*9*7*33 

10  5  9-987117 

11  6  9*987202 

13  6  9*987186 
IS  7  9*9*7170 

14  7  9*9*7155 

15  8  9*9*7139 

16  8  9*987124 

17  9  9*9*7io* 

18  9  9*9*7092 

19  10  9*987077 

20  10  9*987061 

21  11  9*987045 

22  11  9*987030 

23  12  9*987014 

24  12  9-986998 
96  13  9*98*983 

26  14  £-986967 

27  14  9*!#$95* 
2815  9-986936 
29*15  9*986920 
3016  9-9865*04 


Parte      Siae 


6    30 

30 

2i# 
3» 

28 
at* 

27 

at 
26 

*M» 

35 
at 
24 

at 
23 

at 
22 

ao 
21 

3> 

20 
ao 

19 
at 

18 
at 

17 
at 

16 

at 
15 

at 
14 

at 
13 

at 

19 

at 
II 

at 

10 

at 

9 

M 

8 

30 

7 
w 
8 
it 

It  M 
It  I 
14 
It 
It 

t 

6 

4 

t 

t 


2 

at 


aa 
0 


/  Ik 


5b  4° 


766 


TABLE  63 


LOO.  SINES.  COSINES,  flee. 

Ob  56m                                                     14° 

.•  // 

m. 

u 

Sine 

Pom 

Coaec. 

Tang-nt 

Porta 

Cotang. 

Secant 

Parts!  Cosine 

m.:"" 

0 

9 

9-383675 

10  616315 

9-396771 

10*603229 

10*013096 

1 

9*986904 

* 

ffO 

at 

1 

9*383928 

r  8 

10*616072 

9*397040 

;\i 

10*602960 
10*602691 

10*013112 

1"  1 

9-986888 

Vi 

90 

1 

4 

9*384182 

9  17 

10*615818 

9*397309 

10*015117 

2    1 

9986873 

*« 

69 

39 

8 

9384435 

3   25 

10*615565 

9*397578 

3  27 

10*602422 

10*013 143 

3     2 

9*986857 

54 

90 

2 

9 

9-  384687 

**    33 

10*615313 

9397846 

4     36 

10*602154 

10*01;  *59 

4    2 

9*986841 

31 

543 

19 

M 

9-384940 

ft   4* 

10*615060 

9398115 

6    44 

10-601885 

10*013175 

*    3 

9*986825 

50 

JO 

3 

It 

9*385192 

6    50 

10*614808 

9*398383 

6  P 

7  62 

10*601617 

10*0131;! 

«    3 

9-986809 

48 

57 

M 

14 

9*385445 

7    59 

10*614555 

9*398651 

10*601349 

10*013206 

7   4 

9986794 

46 

30 

4 

10 

9*385697 

8    67 

10*614303 

9398919 

8    71 

10*601081 

10*013222 

•  4 

9986778 

44 

56 

90 

19 

9*385949 
9-386201 

9    75 

10*614051 

9*399187 

9    80 

10*600813 

10*013238 

•    5 

9*986762 

41 

38 

ft 

99 

99 
tt 

10  84 

11  91 

10-613799 

9*3994^ 

10     89 
It     98 

10^600545 
10*600278 

10013254 

10  5 

11  6 

9*986746 

40 
28 

55 

9-386452 

10613548 

9*399722 

10*013270 

9*986730 

98 

6 

94 

9*386704 

19  100 

10*613296 

9399990 

12  107 

10*600010 

10*013286 

12   6 

9*986714 

98 

54 

99 

96 

9*3860*4 

19  too 
14  Il8 

10*613045 

9*400257 

13  116 

■o*  599743 

10*013301 

13    7 

9*986699 

34 

98 

7 

98 

9*387107 

10-611793 

9400524 

14  125 

io*  599476 

10*013317 

14    7 

9-986683 

32 

53 

99 

90 

9*J*745« 

16  116 

10-612542 

9*400791 

15  133 

io*  599209 

10013333 

15   8 

9*986667 

30 

30 

6 

n 

9'  387709 

16  134 

10*612291 

9*401058 

16  142 

10*598942 

10-013349 

16   8 

9*986651 

18 

5S 

99 

94 

9*3*7959 

17  142 

10*612041 

9401325 

17  151 

10*598675 

10*013365 

17    9 

9-986635 

18 

90 

9 

90 

9*388210 

18  150 

10*611790 

9*401591 

18  160 

10598409 

10*013381 

18  10 

9*986619 

14 

51 

99 

99 

9-388461 

19159 

10*611539 

9*401857 

19  169 

10*598143 

•0013397 

19  10 

9*986603 

H 

30 

10 

90 

40 
41 

9*388711 

99  167 
91  176 

10*611289 

9*402124 

80  178 
21  187 

10597876 

10*013413 

90u 
21  11 

9*986587 

99 
18 

50 

90 

9*388961 

f  0*611039 

9*402390 
9*402656 
9-402922 

10*597610 

10*013429 

9*986571 

11 

99 

44 

46 

9*389211 
9*389461 

99  184 
91  192 

10*610789 
10*010539 

22  196 
23205 

•0597344 

10*597078 

10013445 
10*013461 

22  12 

23  12 

9986555 
9986539 

18 
14 

49 

90 

li 

40 

9-389711 

94  201 

10*610289 

9*403*87 

24  214 

10-596813 

10*013477 

24  13 

9*986523 

11 

46 

90 

90 

9- 389960 

98  209 

10*610040 

9403453 

96  222 

10*596547 

10*013493 

8613 

9*986507 

10 

90 

13 

91 

9*390210 

96  218 

10*609790 

9*403718 

86231 

10*596282 

10*013509 

96  14 

9*986491 

8 

47 

99 

K 

9*39°459 

97  127 

10*609541 

9*403983 

97  240 

10*596017 

10*013515 

9714 

9*986475 

6 

90 

14 

99 

9-300708 

96236 

10-609291 

9404249 

68249 

•©•595751 
10*595486 
10*595222 

10*013541 

28i5 

9*986459 

4 

46 

99 
1ft 

99 

99 

67 

9 

9*390957 
9*391106 

86*44 
86251 

10*609043 
10-608794 

9-VH514 

9*404778 

29i$8 
90  267 

10013557 
•0-013573 

9915 
30  16 

9*986443 
9*986427 

9 
33 
98 

3» 
45 

90 

9*39"454 

1      8 

10*608546 

9*405043 

•      9 

io*594957 

10*013589 

1    I 

9-98641 1 

It 

4 

9'39!703 

9     16 

10*608297 

9*4053o8 

8    17 

10*594692 

10*013605 

9    1 

9*986395 

98 

44 

99 

• 

9*391951 

»    *5 

10*608049 

9*40S572 

3    26 

10*594418 

10*013621 

3   2 

9*986379 

64 

90 

17 

8 

9*391199 

*    33 

10*607801 

9*403836 
9*406100 

*    35 

10*594164 

ic  013637 

4    2 

9986363 

91 

43 

99 

19 

939*447 

ft    41 

10*607553 

»    44 

10*593900 

10*013653 

5   3 

9986347 

90 

90 

1* 

It 

9-391695 

6    49 

10*607305 

9*4063*4 

6  C2 

7  61 

10*593636 

10*013669 

«   3 

9*986331 

48 

42 

99 

14 

9*39*943 

7    57 

10*607057 

9*406628 

10593372 

10*013685 

7  4 

9986315 

48 

90 

It 

M 

9*393191 

8    66 

10*606809 

9*406892 

8    70 

10*593108 

10*013701 

6  4 

9-986299 

44 

41 

99 

M 

9*393438 

9    74 

10*606561 

9*407i55 

9    79 

10-592845 

10-013718 

•   5 

9-986282 

41 

90 

90 

9» 

99 
91 

9*393685 

10  82 

11  90 

10*606315 

9*407419 

10  87 

11  96 

10*592581 

10*013734 

10  5 

11  6 

9*986266 

40 
38 

46 

90 

9*393932 

10*606068 

9*407682 

10*592318 

10*013750 
10*013766 

9*986250 

SI 

94 

9*394«79 

19    98 

10*605811 

9*407945  ,a  io5 

10*592055 

12  6 

9*986234 

98 

36 

99 

98 

9*394426 

13  106 

10*605574 

9*408208 

13  114 

10*591792 

10*013782 

13   7 

9-986218 

94 

90 

n 

98 

9*394*73 

14  114 

10*605327 

9*408471 

14  122 

10*591529 

10*013798 

14   8 

9*986202 

31 

38 

99 

99 

9*3949*9 

Ift  123 

10*605081 

9*408734 

1ft  131 

10-591266 

10*013814 

16   8 

9*986186 

30 

90 

ts 

99 

9395166 

16  132 

10*604834 
10*604588 

9*408996 

16  140 

10*591004 

10*013831 

16  9 

9*986169 

28 

37 

99 

94 

9*395412 

17  140 

9*409259 

•7  149 

10-590741 

10013847 

17   9 

9986153 

98 

90 

14 

99 

9*39565* 

16  148 

10*604341 

9*409521 

18  157 

19  166 

10-590479 

10*013863    18  10 

9*986i37 

94 

36 

99 

99 

9*395904 
9*396150 

19  156 
86  164 

81  172 

10*604096 

9*409783 

10-590117 
10*589955 

10*013879 

IP  10 

9*986121 

29 

99 

9ft 

40 

49 

10*603850 

9*410045 

90  175 

91  184 

10*013896 

20  11 

21  u 

9-986104 

20 
18 

35 

90 

99 

9' 39*395 
9*396641 

10*603605 

9-410307 

10*589693 

10*0*3912 

9-986088 

96 

44 

89  180 

10-603359 

9*410569 

99  192 

10*589431 

10*013928 

99  12 

9*986072 

18 

34 

99 

49 

9-396886 

83  189 

10*603114 

9*410831 

23  401 

10*589169 
10*588908 

10013944 

93  12 

9*986056 

14 

99 

97 

48 

9*39713* 

84197 

10*601868 

9-411092 

24  no 

10*013961 

2413 

9*986039 

12 

33 

99 

50 

9*397377 

86205 

10*601623 

9'4«353 

86119 

10588647 

IOOI3977 

9ft  13 

9*986023 

14 

90 

96 

81 

9-397611 

86113 

10*601379 

9*411615 
9*411876 

26  127 

10*588385 

10013993 

9614 

9*986007 

8 

39 

99 

44 

9*397866 

87  121 

10-602134 

27136 

10*588124 

10*014009 

97  15 

9*8599! 

9 

98 

99 

46 

9*398ii» 

86929 

10*601689 

9*41*137 

28  245 

10*587863 

10*014026 

28ic 
29  16 

9*9f5974 
9*985958 

4 

31 

99 

68 

9-398355 
9-398600 

»237 

10*601645 

9*412397 

»*54 

10*587603 

10*014041 

a. 

99 

30 

643 

86  246 

10*601400 

9*411658 

SO  262 

10*587342 

10*014058 

JO  16 

9-985942 

• 

36 

in 

a. 

Coafoe 

Parti 

Serarat 

Cotaitg. 

Parte 

Tangent 

Coaeo. 

Parts 

Sine 

TOO. 

/  » 

75-                                                       5*  •*"• 

TABLE  6b 
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LOG.  SINES,  COSINES,  flee. 

0h  58ro                                                     14° 

/  // 

m. 

8ine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m.|/// 

30 

0 

9*398600 

10*601400 

9*412658 

"0-58734* 

10-014^658 

9*985942 

a 

30 

30 

s 

9-398844 

1"    8 

10*601156 

9*412919 

»"    9 

10*587081 

10*014075 

1*  1 

9,9*59*5 

58 

30 

SI 

4 

9*399088 

8    16 

10*600912 

9413179 

8    17 

10*586821 

10*014091 

2    1 

9*985909 

-iff 

*0 

30 

6 

9*39933* 

8    24 

10*600668 

9*4-3439 

3    26 

10*586561 

10*014107 

3    2 

9*985893 

54 

3ft 

32 

6 

9*399575 

4    3* 

10*600425 

9*413699 

*    34 

10*586301 

10*014124 

4    2 

9*985876 

42 

28 

30 

10 

9*399819 

6    40 

IO'6oOl8 ! 

9'4«3959 

*    43 

10-586041 

10*014140 

*    3 

9-985860 

50 

30 

33 

in 

9*400062 

6    48 

10-599938 

9*414219 

7    60 

10-585781 

10*014157 

«   3 

9985843 

48 

27 

30 

14 

9*400306 

7  J6 

8  65 

10-599694 

9'4*4479 

10*585521 

10-014173 

7   4 

9*985827 

40 

30 

34 

10 

9-400549 

lo"  59945 1 

9'4»473« 

8    69 

10*585262 

10*014189 

8  4 

9-9*5811 

44 

20 

30 

H 

9*400792 

•    73 

10*599208 

9*414998 

9    78 

10*585002 

10*014206 

8    5 

9985794 

42 

90 

35 

9*> 
92 

9*4010-35 

10    81 

1)   S9 

10*598965 

9*415257 

10  86 

11  95 

•0*584743 

10*014222 

10  5 

11  6 

9985778 

40 
38 

25 

30 

9-401277 

10-598723 

9*415516 

10-584484 

10*014239 

9*985761 

30 

36 

94 

9*401520 

12    96 

10-598480 

9*415775 

12  103 

10*584225 

10*014255 

12    7 

9985745 

38 

24 

to 

80 

9*401762 

13  104 

10*598238 

9*416034 

13  112 

10*583966 

10*014272 

13    7 

9*9857*8 

34 

30 

37 

99 

9*402005 

14  112 

i°-597995 

9*416293 

14  121 

10*583707 

10*014288 

14   8 

9985712 

32 

23 

30 

30 

9-402247 

15  120 

»o*  597753 

r4««55i 

16  129 

10*583449 

10*014305 

15   8 

9985695 

30 

30 

38 

82 

9-402489 

16  129 

10*597511 

9*416810 

16  138 

10*583190 

10*014321 

16   9 

9*985679 

29 

22 

30 

34 

9-402731 

17  137 

10597269 

9*417068 

»7  147 

10*582932 

10*014338 

17   9 

9*985662 

98 

30 

30 

30 

9-402972 

18  145 

10*597028 

9-417326 

18  155 

10*582674 

10-014354 

18  10 

9*985646 

94 

21 

30 

38 

9-403214 

10  153 

10*596786 

9*4-7585 

19  164 

10-582415 

10*014371 

1910 

9*985629 

99 

30 

40 

30 

40 

41 

r403455 

20  161 

21  160 

22  178 

10*596545 

9417842 

20  172 

21  181 

10*582158 

10*014387 

20u 
21  12 

9*985613 

90 
18 

20^ 

30 

9-403697 

10*596303 

9*418100 

10*581900 

10*014404 

9*985596 

41 

44 

9*403934 

10*596062 

9*418158 
9*418616 

22  190 

10-581642 

10*014420 

22i2 

9*98558o 

16 

10 

30 

46 

9-404179 

23  186 

10*595821 

23  198 

10*581384 

10*014437 

23  13 

9-985563 

14 

30 

43 

48 

9-404420 

24194 

10*595580 

9*4-8873 

24207 

10*581127 

10014453 

24  13 

9-985547 

19 

18 

30 

66 

9*404660 

25  202 

10*595340 

9*419130 

25  215 

10-580870 

10*014470 

2614 

9*985530 

10 

30 

43 

« 

9*404901 

26  2IO 

10*595099 

9#4»9387 

20  294 

10*580613 
10*580356 

10*014486 

90.4 

9985514 

8 

17 

30 

84 

9-405141 

27  818 

10-594859 

9*4*9^44 

«7*33 

10*014503 

2715 

9*985497 

• 

30 

44 

60 

9405382 

28226 

10*594618 

9*419901 

20  241 

10580099 

10*014520 

20  i| 

9-985480 

4 

10 

30 

98 

9*405622 

»*34 

10*59437* 

9-4*0158 

20  250 

10*579842 

10*014536 

29  16 

9985464 

9 

30 

40 
30 

06 

t 

9-405862 

30  242 

10*594138 

9420415 

30  159 

IO'579585 

10014553 

30  16 

9*985447 

ft 
88 

16 

30 

9*406102 

1      8 

10*593298 

9*420671 

1      8 

10*579329 

10*014570 

1    I 

9-985430 

46 

4 

9-406341 

2    16 

10593659 

9-420927 

8    17 

io*57|073 
10*578816 

10*014586 
10*014603 

3    l 

99854H 

88 

14 

30 

0 

9*406581 

3    24 

10*593419 

9-421184 

3    25 

3     2 

9985397 

54 

30 

47 

8 

9*406820 

4    3* 

10*593180 

9421440 

«    34 

10*578560 

10*014619 

4    2 

9985381 

69 

13 

30 

10 

9*407060 

5    40 

10*592940 

9*421696 

6    42 

10*578304 

10*014636 

*   3 

9985364 

M 

88 

48 

1* 

9*407299 

6    48 

10*592701 

9*421952 

6    51 

10*578048 

10*014653 

«   3 

9985347 

48 

18 

30 

14 

9*407538 

7    55 

10*592462 

9-422207 

^   59 

10-577793 

10*014670 

7   4 

9985330 

48 

30 

40 

18 

9*407777 

8    63 

10*592223 

9422463 

8    68 

"0-577537 

10*014686 

0  4 

99853H 

44 

11 

30 

18 

9*408015 

0  71 

•0*59198* 

9*422718 

9    76 

10*577282 

10*014703 

•   5 

9*985297 

49 

80 

06 

90 
92 

9-408254 

10  79 

11  87 

10-591746 

9*422974 

10  85 

11  93 

10-577026 

10*014720 

10  6 

11  6 

9*985280 

48 

38 

10 

30 

30 

9*408492 

10-591508 

9423229 

10-576771 

10*014736 

9*985264* 

51 

91 

9-408731 

12    95 

10*591269 

9423484 

12  102 

10-576516 

10*014753 

12   7 

9*985*47 

38 

0 

30 

98 

9-408969 

13  103 

jo*  59103 1 

9*4*3739 

13  no 

10*576261 

10*014770 

13    7 

9*985130 

84 

30 

08 

98 

9-409207 

14  til 

10-590793 

9*4*3993 
,-424248 

14  119 

10*576007 

10*014787 

14    8 

9*985113 

39 

0 

30 

38 

9409445 

16  118 

»o*59°555 

15  127 

10*57575* 

10*014803 

16   8 

9-985197 

30 

30 

03 

32 

9*409682 

16  126 

10*590318 

9-424503 

16  136 

io-575497 

10*014820 

16  9 

9*985180 

98 

7 

30 

84 

9*409920 

>7  134 

10*590080 

9*424757 

17  144 

10*575243 

10*014837 

17  10 

9985163 

98 

JO 

04 

38 

9-410157 

18  142 

1V589843 

9*425011 

18  153 

10*574989 

10*014854 

10  10 

9-985146 

94 

6 

3f 

38 

9410195 
9*410632 

10  150 

10*589605 

9425265 

19  161 

10*574735 

10-014871 

10  11 

9*985129 

99 

30 

00 

30 

40 
49 

20  158 

21  166 

10*589368 

9*4*55»9 

90  170 

91  178 

10-574481 

10*014887 

20u 
21  12 

9985113 

98 
10 

0 

9*410869 

10*589131 

9*4*5773 
9*426027 

10*574227 

10-014904 

9985096 

30 

06 

41 

9*411106 

22i?4 

10*528894 

22  i87»io*573973 

10*014921 

22is 

9*985079 

16 

4 

m 

40 

9'4«343 

21  182 

10*582657 

9*426181 

83  195  ,•*•*>'  5737»9 
24  104  10*573466 

10*014938 

20 13 

9*985062 

14 

30 

57 

48 

9*411579 
9-411816 

24  190 

10*588421 

9'4*6534 

10*014955 

24,3 

9*985045 
9*985018 

12 

3 

'    30 

88 

20  198 

10*588184 

9*426787 

25  112 

10-573211 

10*014972 

*H 

10 

88 

08 

92 

9*412052 

20  206 

10*527948 

9*497041 

20  210 

i©*57*959 

10*014909 

2O.5 

9*985011 

8 

% 

30 

84 

9*412288 

27  214 

10*587712 

9*4*7*94 

87  219 

10*571706 

10-015005 

2715 
28  16 

9984995 

• 

38 

06 

38 

9*4"5*4 

28  228 

io*  5X7476 

9'4»7}47 
9*427800 

80 137 

»«%57*453 

10*015022 

9*984978 

4 

1 

31 

58 

9*412760 

20&3O 

10*587940 

20  H* 

10*571200 

10*015039 
10*015050 

20  16 

9-984961 

9 

30 

60 

60 

9*412996 

30238 

10*587004 

9*428052 

»254 

10-571943 

00  17 

9*984944 

6 

0 

/  // 

t. 

Cosine 

Parts 

8e€8At 

Cotang. 

Parts 

Tangent  J    Cose*. 

Parts 

Sine 

TAB. 

a. 

9  $9 

75°                                                   S*  0* 
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LOG.  SINES,  COSINES,  &r. 

Ih 

dm                                                   15° 

Y77 

Sine 

Ports 

Coobc 

Tangent 

Ports  1  Cotang. 

Occam 

Porta 

Cosine 

"f- 

*>   / 

0 

0 

9-411996 

I«v  587004 

9-418051 

10*571948 

10*015056 

9984944 

#0 

GO 

m 

s 

9413131 

1"    8 

10586768 

9428305 

1"    8 

10*571695 

10*015073 

l"i 

9*9*49*7 

58 

m 

1 

4 

9-413467 

0    16 

10586533 

94*8558 

9    17 

10*571441 

10*015090 

8   1 

9-984910 

SB 

«. 

33 

0 

9413703 

3    13 

10*586297 

9*418810 

3    *5 

10*571190 

10*015107 

3    1 

9-984893 

54 

3* 

1 

8 

9-41393* 

4    3« 

10*586061 

9*429061 

4    33 

10*570938 

10*015114 

4   1 

9*984876 

53 

S8 

M 

10 

9*4*4«73J  *    39 

10585817 

9*4*93*4 

6    41 

10-570686 

10*015141 

»   3 

9984859 

58) 

30) 

3 

It 

9-414400 

*    47 

io- 585 591 

9419566 

6    50 

10*570434 

10-015158 

«   3 

9*984841 

48 

57 

30 

14 

9414643 

7    55 

IC585357 

9*419818 

7    59 

10*570181 

10*015175 

7  4 

99848*5 

45 

3)0 

4 

10 

9-4I487* 

8    61 

10*585111 

9-430070 

8    67 

10*569930 

10*015191 

•  5 

9*984808 

44 

W 

M 

10 

9415111 

9    70 

10*584888 

9*430311 

9    75 

10*569679 

10*015209 

0  5 

9*98479- 

4* 

30 

so 

to 

St 

9*4 '5347 

10  78 

11  86 

IC584653 

9*430573 

10  84 

11  91 

10*569427 

10*015126 

i0  6 

11   6 

9*984774 

40 
38 

ft* 

30 

94«55*» 

IO5844I9 

9430824 

10-569176 

10*015143 

9*984757 

6 

34 

941J815 
9416049 

10    94 

W584185 

9-431075 

19  100 

10*568925 

10*015160 

13  7 

998474c 

3* 

54 

33 

SO 

19  101 

IO*583951 

9*4313*6 

IS  109 

to*  568674 

10*015177 

13   7 

9*9847*3 

34 

30 

7 

SB 

9*416183 

14  109 

W583717 

9#43-577 

14  117 

10-568423 

10*015194 

14   8 

9-984706 

3S 

53 

33 

30 

9-416517 

IB  117 

IO583483 

9*431828 

16  115 

10*568171 

10*015311 

15   9 

9984689 

38 

00 

• 

SB 

9-416751 

10  115 

■0*583149 

9*431079 

16  134 

io-  567921 

10*015318 

16   9 

9*984671 

18 

50 

St 

34 

9416984 

17  133 

IO583CI6 

943*3*9 

17  141 

10-567671 

10015345 

17  10 

9-984655 

SO 

30 

t 

30 

9*417*17 

18  140 

W581783 

9*431580 

18  150 

10-567410 

10*015361 

18  10 

9*984638 

94 

51 

M 

n 

9*4»745' 

10  148 

IO581549 

9*431830 

19  159 

10*567170 

10*015380 

1911 

9*984610 

SS 

30 

10 

40 
41 

9417684 

00  156 
91  164 

IO-581316 

9*433080 

90  167 

91  J  76 

10*566910 

10*015397 

90ii 
9111 

9*984603 

SO 
18 

50 

m 

30 

9*417917 

IO-581083 

9*43333» 

10*566669 

10*015414 

9*984586 

II 

44 

9*418150 

00  171 

10*581850 

9*433580 
9*433830 

09  184 

10-566410 

10*015431 

99  13 

9-984569 

M 

40 

30 

40 

9418381 

09  179 

tO*58l6l8 

09  191 

10*566170 

10*015448 

93  13 

9*984$5* 

14 

30 

It 

48 

9*418615 

04  187 

IO*58l395 

9-434080 

01  IOI 

10*565910 

10*015465 

94i4 

9984535 

1* 

40 

30 

•0 

9*418847 

90  195 

10*59lt53 

9*43433o 

96  109 

10*565676 

10*015482 

96i4 

9984518 

IO 

30 

II 

01 

9*419079 

99  103 

IO*5S09SI 

9*434579 

96  117 

10-565411 

10*015500 

9615 

9*904500 

8 

47 

30 

•4 

9419311 

97  110 

IO*58o688 

9*434818 

07il6 

10*565171 

10*015517 

9715 

9*984483 

8 

30 

14 

00 

9*4«9544 

99ii8 

to- 580456 

9435078 

00  134 

-0*564911 

10015534 

SB  16 

,-•984466 

4 

40 

30 

M 

9*419776 

99n6 

10*580214 

94353*7 

09  141 

10*564673 

10-015551 

1917 

9984449 

t 

30 

15 

"it" 

1 

S 

9*410007 

0O134 

to*  579993 

9435576 

30  151 

10*564414 

10-015568 

SO  17 

9*984431 

00> 

BB- 

J5_ 

3T 

9*410139 

1      8 

10-579761 

94358*5 

1      8 

10*564175 

10-015586 

1   1 

9984414 

10 

4 

9-410470 

9    15 

10*579530 

9-436073 

9    16 

10*563917 

10*015603 

2    1 

9984397 

SS 

44 

30 

0 

9*410701 

3    *3 

10*579198 

9436311 

3    *5 

10*563678 

10*015610 

3    1 

9-984380 

54 

30 

17 

8 

9*410933 

4    3' 

io- 579067 

9-436570 

4    33 

10*563430 

10*015637 

4    2 

9-984363 

» 

43 

st 

10 

9411164 

*    38 

10*578836 

9436819 

6    41 

10*563181 

10*015655 

6    3 

9*984345 

50 

9* 

10 

IS 

9*4*1395 

6    46 

10*578605 

9*437067 

6    49 

10561933 

10*015672 

«   3 

9*984318 

40 

43 

st 

14 

9*411616 

7    54 

io*  $"70374 

9*4373-5 

7    58 

10*562685 

10*015689 

7  4 

9-9843" 

40 

30 

10 

M 

9-411857 

8    61 

10578143 

9*4375*3 

8    66 

io- 561437 

10-015706 

8   5 

9*984194 

44 

41 

90 

IB 

9*411087 

9    69 

10-5779-3 

9437811 

*   74 

10*561189 

10-015724 

»   5 

9*984176 

4S 

30 

00 
30 

SO 

ss 

9-411318 

10  77 

11  85 

10-577681 

9-438059 

10  82 

11  91 

10*561941 

10*015741 

10  6 

i:   f 

9984*59 

40 

38 

40 

3** 

9411548 

10-577452 

9438306 

10*561694 

10*015758 

9*984141 

01 

S4 

9*411778 

19    91 

10-577111 

9*438554 

19    99 

10-561446 

10*045776 

19   7 

9*984114 

38 

30 

30 

SB 

9-413008 

13  100 

10*576991 

9-438801 

IS  107 

10*561199 

10-015793 

13   8 

9*984107 

34 

30 

00 

SO 

9*413138 

14  108 

10*576761 

9439048 

14  115 

10*560951 

10*015810 

14   8 

9-984190 

31 

30 

30 

SO 

9*413468 

IB  115 

10576531 

9*439196 

15  123 

10-560704 

10-015818 

15   9 

9*984171 

30 

30 

00 

31 

9*4*  3^97 

16  113 

io- 576303 

9*439543 

16  131 

10*560457 

10*015845 

16  9 

9*9*4«55 

SB 

37 

30 

34 

9*413927 

17  131 

10*576073 

9*439790 

17  140 

10*560110 

10*015863 

17  K) 

9*984137 

SO 

30 

04 

30 

9-414156 

18  138 

I0575844 

9*440036 

18  148 

10*559964 

10*015880 

18  10 

9*984  JtlO 

84 

30 

30 

3B 

9414386 

19  146 

10*575614 

9*440*83 

19  156 

10-559717 

10*015897 

19ll 

9*9Hlo3 

S3 

30 

01 

40 
41 

9414615 

90  153 

91  161 

10*575385 

9*440519 

90  165 

91  173 

-0-559471 

10*015915 

90ii 
91  11 

9-984085 

SO 
18 

35 

31 

30 

9444844 

io-575»5*> 

9*440776 

10*559114 
10*558978 

10*015931 

9*984068 

00 

44 

9415073 

99  169 

'o*  5749*7 

9441021 

99  181 

10*015950 
10*015967 

90  13 

9*984050 

M 

04 

30 

4C 

9*4*53oi 

99  176 

10-574699 

0*441168 

93  189 

10*55873* 

93  13 

9984033 

14 

31 

27 

40 

9*4*5530 

94  1S4 

10*574470 

9*44*5*4 

94  198 

10*558486 

IO-OI5085 

94  14 

9984015 

It 

33 

30 

50 

9*415758 

99  191 

■0-574*4* 

9*441760 

95  106 

10*558140 

10*Ol6o02 

96  14 

9-983998 

10 

3t 

00 

51 

9-4*5987 
9-416115 

96  199 

10*574013 

9*441006 

90  21+ 

*o*557994 

10-016019 

96  15 

9*983981 

8 

39 

30 

04 

97  107 

»o*5'73785 

9*44**5* 

97  ill 

«o*557748 

10*016037 

97l6 

9-983963 

B 

30 

29 

56 

9*416443 

98115 

io'5'73557 

9*44*497 

9S130 

10-557503 

10*016054 

99  16 

9-983946 

4 

91 

30 

50 

9*416671 

99111 

io*S733*9 

9*44*743 

99139 

10-5-57*57 

10*016071 

9917 

9*983918 

S 

10 

00 

a 

9-416899 

00  130 

10*573101 

9*44*988 

30  147 

10*557011 

10*016089 

3017 

9-983911 

0 
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•9 


30 
30 

51 
so 

32 

30 

33 

30 

34 

30 

35_ 

30 

3G 

sit 

37 

»o 

38 
so 

3tf 
so 

40 

SO 

41 

at 

4* 
30 

43 
so 

44 
so 

iL 

30 

49 

so 
47 

St 

48 
so 

49 
so 

50 

39 

51 
so 

52 

at 
53 

80 
51 

at 

55. 

80 

50 
so 

57 
so 

58 

30 

5.9 
30 

GO 


Sine       Parts 


/  91 


9426899 
94171x7 

9*4*7354 
9-427581 
9-417809 
9*428036 

9*428263 
9-418490 
9-428717 
9-428944 
9*42917010 


9-429397!! 

9-429613 

9*419849)13 

9  43°075 
9-430301 

9'43°5*7 
9-43375* 
9*43097* 
9*431203 


9-4314*9  •»  «5*» 


9-43165421  ist 
943187922  i65 
943210423  173 
9*43*3*9  •*  ,8« 
943*553 »  188 
9-43277826  196 
9*4330o*  27  203 
9*43322628  210 

9'43345»»*»7 
9-433*75130**6 


9-433*<98 
9*434121 

9'434346 
9H34569 
9*434793 
9-435016 

9*435*39 
9*43546* 
9*435685 
9435908 


9*436131 

9*4*6353 
9436576 

9*4*6798 
9-437010 

9-437242 

9*437464 
9*437686 

9*4379o8 


9*43812920.148 


9*43835* 
9*43857* 
9-438793 


9-43901424  178 
943923525185 


9439456 


9439677 27  200 
9*439897  28  207 
9*44011829  215 
9*440338  30  222 


8 

»5 
*3 

30 
3« 

45 
53 
60 
68 
75 
83 

90 
98 

14  105 

16  113 

16  120 

17  128 

18  135 
18  143 


14  104 

15  itl 

16  118 

17  126 

18  133 

19  141 


21  151 

22  163 

23  171 


26  191 


Cosine  Parts 


Cosec 


10-573101 

10-57187} 
10*571646 
10-571418 
10*571191 
10-571964 
10*571737 
20*571510 
10*571283 
10-571056 
10*570830 


10-570603 
10*570377 
10-570151 
10*569925 
10*569699 

•0*569473 
10*569248 
10*569022 
10-568797 
10*568571 


10*568346 
10*568111 
10*567896 
10*567671 
10*567447 
10*587112 
10*566998 
10*566774 
10-566549 
10-566325 


10*566101 
10*565878 
10*565654 
10-565431 
10-565107 

10-564984 
10-564761 
10*564538 
10*564315 
10*564091 


10-563869 
10-563647 
10-563424 
10*563202 
10*562980 
10*561758 
10*562536 
10*562314 
10*561092 
10*561871 


10*561649 
10*561418 
10*561107 
10*560986 
10*560765 
10-560544 
10-560313 
10-560103 
10*559882 
10*559662 


Secant 


Tangent  Parts 


9442988 
9*443*34 
9*443479 
9*4437*4 
9*443968 
9444113 

9*444458 
9*444702 

9*444947 
9*445*9" 
9*445435 


9445679 
9*4459*3 
9*446167 
9446411 
9*446654 

9446898 
9*447*41 
9'447384 
9-447627 

9*447870 


1" 

2 

3 

4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 


9*448113 
9*448356 
9448599 
9*448841 
9-449084 

9*4493*6 
9'449568 
9-449810 
9*450051 
9*450*94 


9*450536 

9*450777 
9-451019 
9*451260 
9*451502 

9*45*743 
9-451984 

9*45***5 
9*45*465 
9*45»7o6 


9*45*947 
9'453i87 
9*4534*8 
9453668 
9-453908 
9-454148 
9*454388 
9-454628 
9-454867 
9*455*07 


9*455346 
9*455586 

94558*5 
9-456064 

9*456303 
9456541 
9*45678i 
9-457019 
9*457*58 
9*45740* 


8 

16 
*4 
3* 
4i 
49 

I] 

7J 
81 

89 

97 

106 

114 

122 

16  130 

17  138 

18  146 

19  154 

20  162 

21  171 

22  179 

23  187 
24195 
26103 

26  m 

27  119 
28227 
29235 
30244 


10-557012 
■0*556766 

10-556521 
10-556176 
10*556032 
10555787 

*o*55554* 
10-555298 
10-555053 
10-554809 
10*554565 


10554321 
10-554077 
•0*553833 
■0-553589 
10553346 

10*553102 
10-552859 
10*552616 

io*55*373 
10*552130 


8 

16 
*4 
3* 

40 

48 
56 
64 
72 
80 
88 
96 

13  104 

14  112 

15  120 

16  128 

17  136 

18  144 

19  152 

20  160 

21  j68 

22  176 

23  184 

24  192 

25  100 

26  208 

27  116 
28124 

29  232 

30  240 


Cotang. 


Parts 
74° 


Cotang. 


10*551887 
10*551644 
10*551401 

10551159 
10*550916 

10*550674 

10*550432 
10*550190 
•o-549948 
10*549706 


10-549464 
0549223 
1054898 1 
10*548740 
10548498 
jo*  548257 
10-548016 
10-547775 

*o-  547535 
10-547294 


10*547053 
10*546813 
10-546572 
10-546332 
10*546092 
10545852 
10*545612 
10*545372 
10-545133 
10*544893 


10*544654 
,©5444,4 
10-544175 
10-543936 
io*  543697 

10*543458 

io- 543**9 
10*542981 
10*542742 
io-S4*5°4 


Tangent 


Secant 


10*016089 
10*016107 
10*016125 
lo'oibi^i 
10*016160 
10*016277 
20*016295 
10-016222 
10-016230 
10*026248 
10*016265 


10*016283 
10*016300 
10*016318 
10*016336 
10*016353 
10-016371 
10*016389 
10*016406 
10016424 
10*016442 


10*016460 
10*016477 
20*016495 
20*016513 
10-016531 

10*016548 
10*016566 
10-0165S4 
10*016602 
10*016619 


10*016637 
10*016655 
10*016673 
10*016692 
10*016709 
10-016717 
10*016744 
10-016702 
10*016780 
10-016798 


10*016816 
10-016834 
10-016852 
10-016870 
10016888 
10*016906 
10*016924 
10*016942 
10*016960 
10-016978 


10*016996 
10*017014 
10*017032 
10*017050 
10*017068 

10*017086 
10*017-04 
10-017111 
10*017140 
10*017258 


Coeeo. 


Parts    Cosine 


«  5 

9  I 

10  6 

11  6 

12  7 

13  8 
U   8 

15  9 

16  9 
17io 
18  1, 
1911 

20  12 

21  12 

22  13 
23i4 
24  14 
2515 
26i5 
27  16 
28i7 
29i7 
30  18 


9*5,8391 1 
9-983893 
9*983875 
9983858 
9-983840 
9983823 
9-983805 
9*983788 
9-983770 
9983752 
9983735 


9*983717 
9-983700 
9-983682 
9983664 
9983647 
9*983629 
9*983611 

9*9S3594 
9*983576 

9*9*3558 


4 
5 
5 
6 

7 
7 
8 
8 

9 

16  10 

17  10 

18  1 1 

19  11 

20  12 

21  13 

22  13 

23  14 

24  14 
2515 
26i6 


9-983540 
9983523 
9*983505 
9*983487 
9983469 
9-983451 

9*983434 
9-983416 
9*983398 
9983381 


9-983363 

9983345 
9-983317 
9983309 
9983191 

4  9*983*73 
9*983156 
9-983138 
9-983220 
9*983202 


9-983184 
9*983166 
9*983148 
9*983130 
99831 12 
9*983094 
9-983076 
9*983058 
9*983040 
9  983021 


9-983004 
9*982980 
9-982968 
9982950 
9*982932 

7  98*9*4 

27  16^*98*896 


2817 
2917 
30  18 


9982878 
9*982860 
9*982842 


Parbs       Sine 


u  f  ft 


SO 
34 
33 
30 
38 
SO 
24 
22 
30 
18 
10 
U 
13 
10 

8 

0 

4 

2 
87 
58 
64 
54 
53 
50 


30 

30 

20 
so 

2« 
so 

27 

30 

26 
so 

30 
24 

30 

23 
30 

22 

30 

21 

30 
20 

30 
19 

so 
18 

30 

17 

30 

16 
so 

IL 

30 

U 

so 

.3 

30 

12 

so 
U 

30 

10 
30 

0 

30 

8 

?o 


6 

30 

4 

30 

3 

30 
2 

30 

1 

30 

0 
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*• 

8ine 
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Ceoec. 
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Parte  I  CoUnf. 

Seeat* 
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Coatee  (*"r| 

0 

t 

9-440338 

10*559661 

9*45749* 

,#0-54*504 

10*017158 

9*9XlK4*| St'  Ml 

30 

t 

9-440558 

1"    7 

*»'  559441 

9*457735 

r  8 

10-541165 

10*017176 

i"i 

9*98*8*4  U* 

33 

1 

4 

9-44077$ 

*    "5 

10-550111 

r457973 

9  16 

10-5410*7 

10*017195 

3  1 

9*98180 {1  W 

Mi 

at 

i 

9-440998 

S    21 

10-55900* 

9-458111 

3    *4 

»©*54>789 

10*017113 

s  1 

9*981787 

V4 

a*. 

3 

8 

9-441118 

4    29 

10-553782 

9*45»449 

6    3* 

10*541551 

10*017131 

4  * 

9-981769 

St 

68 

30 

13 

9*44»438 

6     36 

10-558561 

9-458687 

•    39 

10*541313 

10*017149 

»   3 

998175 1 

30 

» 

3 

It 

9-441658 

•    44 

10*558341 

9*4589*5 

•    47 

10*541075 

10*017267 

•  4 

9081735 

ea 

07 

33 

H 

9-441877 

7    5» 

10-558113 

9-459163 

7  I5 

8  63 

10*540837 

10*017185 

7  4 

9-981715 

m 

aa 

4 

13 

9-442096 

8    58 

>o'557?04 
10*557684 

9*459400 

10*540600 

10*017304 

I  1 

9*981696 

44 

64> 

93 

18 

9-442316 

t    65 

9-459638 

9    7" 

10*540361 

10*017311 

•  i 

10  6 

11  7 

9*981678 

«t 

aa 

6 

33 

S3 

9*44*535 

10  73 

11  80 

10-557465 

9*459875 

10  79 

11  87 

10*540115 

40-017340 

9*981660 

4* 
38 

3d 

33 

9*441754 

10-5  57246 

9*460111 

10*539888 

10*017358 

9*98164* 

6 

S4 

9*441973 

12    87 

10*557027 

9*4fc>349 

13    95 

10-539651 

10-017376 

13   7 

9*98*6*4 

38 

64 

33 

id 

9-443192 

13    95 

10-556808 

9-460(86 
9-460813 

IS  103 

10*539414 

10-017395 

iS   8 

9*981605 

34 

33 

7 

33 

9'4434«° 
9-443629 

14  101 

10*556590 

14  110 

10*539177 

10*017413 

14    9 

9981587 

a* 

33 

S3 

S3 

16  109 

10556371 

9*461060 

16  118 

10*538940 

10*017431 

16    9 

9-981569 

38 

S3 

8 

S3 

9a443H7 

10  Il6 

10-556153 

9*461197 

16  116 

10-538703 

10-017449 

16  10 

9-98*551 

to 

33 

30 

34 

9-444066 

17  114 

I0*  55 5934 

9*46i533 

17134 

10*538467 

10*017468 

17  10 

9*98*53* 

36 

aa 

9 

36 

9*444284 

18  131 

10*555716 

9*461770 

18  141 

10*538130 

10*017486 

18  11 

9-98*514 

34 

31 

S3 

38 

9*444502 

It  138 

»°*55549* 

9*461006 

19  150 

>o-537994 

10*017504 

19ll 

9*98*496 

tt 

S3 

10 

33 

43 

41 

9-4447*0 

90  146 
31  l« 
S3  160 

10*555280 

9*461141 

90  158 
31  166 

-0*537758 

10*017513 

30ii 
31  13 

9*98*477 

38 
M 

30 

33 

9*444938 

10*555062 

9*462478 

10-537511 

10*017541 

9*981459 

11 

44 

9*445155 

W554845 

9*462715 

33  174 

10*537186 

•©•017559 

93  13 

9-98*441 

M 

40 

33 

40 

9*445373 

33  167 

10*554627 

9-461950 

33  181 

10*537050 

10*017578 

33  14 

9*98*4** 

M 

33 

12 

43 

9445590 
9-445*o8 

34  175 

10*554410 

9*463186 

94  189 

10*536814 

10*017596 

34i5 

9*98*404 

n 

48 

33 

33 

98  182 

10-554191 

9*4634** 

96197 

10*536578 

10*017614 

96l5 

9-98*386 

10 

33 

13 

33 

9-446015 

36  189 

«©*553975 

9*463658 

38*05 

10*53634* 

10*017633 

96  16 

9*98*367 

8 

47 

33 

34 

9*446242 

37  196 

10*553758 

9*46389} 
9*464118 

37  113 

10*536107 

10*017651 

97  16 

9*98*349 

8 

a* 

14 

38 

9*446459 
9.446676 

36  104 

•°*55354* 

36*11 

10*53587* 

10*017669 

36l7 

9*98*331 

4 

46 

S3 

38 
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21  157 

10*510162 
10*509938 

10-019792 

20  13 

21  14 

9*980208 

to 

59 

9-470151 

io*5*9749 

9-490062 

10*019811 

9980189 

IS  f     J* 

11 

44 

9*470455 

SS  150 

»o-5*9545 

9*490286 

22  165 

10*509714 

10*019831 

2214 

9*980169 

16 

49 

so 

40 

9-470659 

S3  157 

10519341 

9*4905io 

23  172 

10*509490 

10*019851 

2315 

9*980149 

14 

so 

IS 

48 

9-470863 

S4  164 

10*519137 

9*490733 

24  180 

10*509267 

10*019870 

24  16 

9*980130 

It 

48 

so 

90 

9-471067 

36  171 

10518933 

9490957 

25  187 

10*509043 

10*019890 

25  16 

9  9801 10 

10 

so 

13 

St 

9*471*71 

S6  178 

10*518719 

9*491180 

26  194 

10*508820 

10*019909 

2617 

9  980091 

8 

47 

so 

54 

9>7W75 

37  184 

10*518515 

9*49i404 

27  ici 

10*508596 

10*019929 

27  IS 

9*980071 

6 

so 

14 

90 

9-471679 

88  191 

10*518311 

9491627 

S3  109 

10508373 

10-019948 

28  18 

9*980052 

4 

46 

so 

98 

9*471882 

29  198 

10*518118 

9-491850 

29117 

10*508150 

10*019968 

2919 

9*980031 

t 

St 

15 

1 

9*471086 

SO  105 

10*517914 

9-49*073 

80  114 

10*507917 

10-019988 

30  19 

9-980011 

SI 

98 

45 

so 

M 

9-471189 

1       7 

10*517-11 

9*492296 

1      7 

10*507704 

10*010007 

1     1 

9979993 

II 

4 

9*47149* 

*    «3 

10*527508 

9491519 

*    «5 

10*507481 

10*020027 

2    1 

9*979973 

90 

44 

SO 

* 

9471695 

S    10 

10-517305 

9*49*74* 

S    11 

10*507158 

10*020046 

3    1 

9979954 

94 

30 

17 

8 

9'47i*9* 

4    *7 

10*517102 

9492965 

4    30 

10*507035 

io*oioc66 

«    3 

9*979934 

91 

a 

#o 

10 

9*473101 

*    34 

10*516899 

9'493'87 

5    37 

10*506813 

IO*01COb6 

6   3 

9979914 

90 

-  30 

18 

It 

9*473304 

6    40 

10*516696 

9493410    6    44 

10*506590 

10*020105 

6  4 

9*979895 

48 

42 

so 

14 

9*473507 

*    47 

10-526493 

9*493631     7    52 

10*506368 

10*020125 

7    5 

9*979875 

40 

30 

19 

16 

9>737io 

8  54 

9  61 

to*  516290 

9493854  ,  8    59 

10*506146 

10  020145 

U 

9*979855 

44 

41 

so 

18 

9*47391* 

10*516088 

9*4940— 

9    66 

10*505913 

10*020164 

9979836 

4t 

JO 

90 
so 

to 

tt 

9*474115 

10  67 

11  74 

10-515885 

9*494299 

10    74 
it    81 

10*505701 

10-020184 

10  7 
"   7 

9*979816 

40 

38 

40      . 

9*474317 

10*515683 

9*4945*1 

10*505479 

10*020204 

9*979796 

30 

21 

14 

9*4745 '9 

IS    81 

to*  515481 

9*494743 

IS    89 

10*505*57 

10*020224 

12  8 

9*979776 

30 

39 

so 

to 

9*4747*1 

IS    88 

10-515179 

9*494965 

13    96 

10*505035 

10*020243 

13   9 

9*979757 

34 

30 

2* 

18 

9*4749*3 

14    94 

10-515077 

9*495 » 86 

14  103 

10*504814 

10*020263 

14   9 

9979737 

31 

38 

so 

SO 

9*4751*5 

16  101 

10*524875 

9*4954o8 

16  111 

10*504591 

10*020283 

15  10 

9*979717 

SO 

3ft 

23 

31 

9*4753*7 

16  108 

10*524673 

9-495630 

16  118 

10*504370 

10*020303 

16  11 

9979697 

18 

37 

90 

34 

9*4755*9 

17  115 

10-524471 

9*495851 

17  116 

10504149 

10*020321 

17  11 

9979678 

to 

SO 

24 

30 

9*47573© 

18  111 

10*524270 

9*496073 

18  133 

io'5039*7 

10*010341 

18ii 

9979658 

14 

3fl 

sii 

38 

9*47593* 

19  118 

10*524068 

9496294 

19  140 

10*503706 

10*010361 

19  13 

9979638 

« 

so 

25 

40 
41 

9*476133 

29  135 
31  141 

10*523867 

9*4965i5 

SO  148 
21  155 

10*503485 

10*010381 

20  13 

21  14 

9979618 

to 

18 

35 

so 

9>76335 

10*523665 

9*496736 

10*503264 

r  0*010401 

9*979598 

2* 

44 

9*476536 

23149 

10*523464 

9H96957 

22  163 

10*503043 

10*010411 

2215 

9*979579 

10 

**4 

so 

40 

9*476737 

23  155 

10*523163 

9*497i78 

23  170 

10*501811 

10*020441 

2315 

9979559 

14 

SO 

27 

48 

9*476938 

24  161 

10*523062 

9*497399 

24   177 

10*501601 

r  0*020461 

24  16 

9*979539 

It 

33 

so 

90 

9*477i39 

26  168 

10*522861 

9*497620 

25  18$ 

10*501380 

10-020481 

25  16 

9979519 

10 

30 

28 

91 

9*477340 

26  175 

10*522660 

9*497  *-Ui 

26  192 

10*501159 

•0*010501 

2617 

9*979499 

ft 

32 

so 

*4 

9*477540 

27  181 

lo*  522460 

9*498061 

27  200 

10*501939 

10*010511 

27  18 

9*979479 

0 

3« 

2» 

•h 

9*477741 

28  ]88 

10*522259 

9  498282 

28  107 

10*501718 

10-010541 

28)8 

9*979459 

4 

31 

33 

9H 

9*47794' 

29  195 

10*522059 

9*498502 

29114 

10*501498 

10*010561 

29  19 

9979439 

1 

*FI 

HO 
/// 

5 

9*478141 

30  102 

10*521858 

9-498722 

30  in 

10*501278 

10*010580 

30 10 

rj*9794*o 

• 

30 

9  ft 

Cosine 

Parts 

Secant 

Cotung. 

Parte 

Tangent 

Cosec. 

Parts 

Sine 

»•  1 

Vtf° 

4b  50" 

TABLE  68 


773 


LOG.  SINES,  COSINES.  «cc. 


Ih    10" 


17° 


30 

38 

3! 

30 

32 
90 

33 

30 

34 

30 

2L 

30 

30 

30 

37 

30 

38 
39 


Sine 


9-478141 

9-47*34* 

9*478542 

9-478742 

9 

9*479 

9479342 

9*47954- 

9*479741 

9*47994" 

9-480140 


>*47*9* 
9141 


9-480339 
9480539 


30 
41 


42      -    ,  .     , 
30     30    9483H9 
£-483316 

9-483711 
~   9-48390929 
IX  9-4*4'<>7 

9-484304 


43 

30 

44 

3) 

4* 


30 
41 

30 
47 

30 

48 

30 

49 

30 

60 


30 

51 

30 

63 

30 

63 

30 

54 

30 

55 


9-480738 
9-480937 
9481 1 

3»    9'4«I 

*   9'4*i_ 
9-48173 
948193c 
9481128 

-   9 "**„  . 
44   9**l8*5*5 

40    9*482723 

48   9*4**9* 


30 
50 

30 
57 

30 

58 

30 

60 

30 

W    1*1 9 
/  // 


35 

334  •« 
"533 


3*7*1 


9-484501 
9484698 
9-484895 
9-485092 
9-485289 

9*4*54»5 
9-485682 

9*48s879 
9486075 


9*486271 
9486467 
9*486664 
9-486860 
9487055 

9*487*5> 
9-487447 
9-487643 
9487838 
9*488034 


43  9-488229 

44  9*488424 
4*1  9-488619 
48  9*488814 
50  9489OO9 

489*04 


9*489399  *7 
9*489593 
0-489788 
489981 

Cosine 


Ports 


a   5? 

9    60 
10    66 


Cosec 


73 
80 
86 
93 
99 
106 

17  113 

18  119 

19  126 
SO  132 

l~13? 
22  146 

93  152 

94159 

25  166 

99  172 

179 

98  186 

192 

bo  1 


10*519661 
10*519461 
10*519262 
10*519063 
10*518865 
10*518666 
10-518467 
10-518269 
10-518070 
10*517872 


122, 


10  104 

17  in 

18  117 

19  124 

90  131 

91  137 

22  144 

23  150 

"57 
25  163 

20  170 
176 

28  183 

29  189 

30  196 


Parts 


10*521858 
10*521658 
10*511458 
10*521259 
10*511058 
10*520858 
10*520658 
10*520458 
10*520259 
10-520059 
10*519860 


10*517673 
10*517475 
10*517277 
10*517079 
10*516881 
10*516684 
10*516486 
10*516288 
10*516091 
10*515893 


10*515696 
10*515499 
10*515302 
10*515105 
10*514908 
10*514711 
10-514515 
10-514318 
10*514121 
'Q*  5 '39*5 


10*513729 
10*513533 
10*513336 
10*513140 
10*512945 
10*512749 
10*512553 
10*512357 
10*512162 
10*511966 


10*511771 
10*511576 
10*511381 
10*511186 
10*510991 
10*510796 
10*510601 
10*510407 
10*510211 
10-510018 


Secant 


Tangent     Parts 


9-498712 

9*498943 
9499163 

9*499383 
9499603 
9-499822 
9*500041 
9*500262 
9500481 
9-500701 
9-  500920 


9-501140 
9-501359 
9*501578 
9- 50 1797 
9*502016 
9*50223 < 
9502453 
9-502672 
9*502891 
9*5°3*°9 


9-503328 
9503546 
9-503764 
9-503981 
9*504100 
9*504418 
9*504636 
9*504854 
9*50507* 
9'505*89 


5' 

58 
66 

73 
80 
88 

|l4  101 

15  IC9 

16  117 

17  124 

18  131 

19  139 
90  146 


Cotang. 


10*501178 
10*501057 
10*500837 
10*500617 
10*500397 
10*500178 
10499958 
10*499738 
10*499519 
10*499199 
10*499080 


10*498860 
10*498641 
10*498422 
10-498203 
10-497984 

10-497765 
io*4V7547 
10*497328 
10*497109 
10*496891 


,21  153 

!22  161 
73  168 


9*505507 

9"5057*4 
9*50(941 
9*506159 
9506376 
9*506593 
9*506810 
9*  507027 

9*507*43 
9-5071.60 


9.507677 
9*507893 
9*508110 
9*508326 
9*508542 

9*508759 
9*508975 
9*509191 
9*509407 
9*509622 


9*509838 
9*510054 
9*510269 
9510485 
9*510700 
9-510916 
9-511131 
9-511346 
9-511561 
9-511776 


Cotang.     Parts 
72° 


'75 
182 

190 

'97 
204 
211 
219 


6 
7 

8 

9 
10 

U 
12 
13 

14  ioi 

15  108 

16  115 

17  123 

18  130 

19  137 
20144 

21  151 

22  159 

23  166 

94  173 

25  180 

26  187 

27  195 

28  102 

29  209 

30  216 


10*496672 
10*496454 
10*496136 
10*496018 
10*495800 
10*495581 
'0*495364 
10*495146 
10*494928 
10*4947" 


10*494493 
10*494176 
10*494059 
10*493841 
10-493614 
10*493407 
10*493190 
,0491973 
10*492757 
10*492540 


10492323 
10*492107 
10*491890 
10-491674 
10*491458 

10*49  ll4I 
10*491025 
10*490809 
10490593 
10490378 


10*490162 
10-489946 
10-489731 
10-489515 
10-489300 
10*489084 
10*488869 
10*488654 
10*488439 
10*488224 


Tangrat 


Secant 


10*020580 
10*020600 
10*020620 
10-020640 
10*010660 
10*020680 
10*010700 
10*020710 
10*020740 
10-020760 
10-020780 


10*020800 
10*020820 

IO*O208aO 

10*020800 
10*020880 
10*020900 
10*020921 
10*020941 
10*020961 
10*020981 


Parts    Cosine 


9979420 
9-979400 
9*979380 
9*979360 
9*979340 
9*979310 
9979300 
9*979180 
9979260 
9*979*4o 
9-979220 


I0'O2IO0I 
10*01102 I 
10*021041 
I0*02I06l 
10*021082 
10*02II01 
IO'021I22 
10*02X142 
IO*OHl62 
10*021l83 


IO*01I203 
10*011113 
10*011143 
IO*01Il63 
10*02Il84 
10*011304 
IO-O21314 
IO-O2I345 
10*02X365 
10*021385 


1002 1406 
10*021426 
10*021446 
10*021467 
10*021487 
I0*O2I507 
10*011528 
I002 1 548 
10*021569 
10*021589 


I0*02l609 
IO'02l630 
IO'02l650 
10'02l67I 
10'02l69I 
IO'02I712 
IO*02I732 
10-02I753 
10-021773 
10-021794 


Cosec. 


V 
9 
3 

4 

6 

6 

7 

8 

9 
10 
11 
19 
13 
14 
16  10 

16  n 

17  11 

18  u 

19  13 

90  13 

91  14 19*978999 
29*5  9'978979 
23159978959 

24  16  99?8939 

25  17 19-978918 
9617  9  978898 

9*978878 
9*97*858 
9*978838 
9*978817 


9-979200 
9-979180 
9-979160 
9-979140 
9979120 

9*979100 
9*979079 
.,•979059 
9979039 

»'9790'9 


97i8 
9819 
9919 
30  20 


7 

7 
8 

9 

14  10 
16  10 

16  11 

17  12 

18  12 
1913 
20  14 

91  14 
2215 

23  16 

24  16 

25  17 

26  18 
27i8 
2819 
29io 
30  20 


.  978797 
9*978777 
9*978757 

9*978737 
9-978716 

9*978696 
9*978676 
9-978655 
9-978635 

9*97861 S 


9978594 
9-978574 

9*978554 
9978533 
9978513 

9978493 
9*978472 
9-9-8452 

9?«*43' 
99784" 


9978391 
9*978370 
9*978350 
9-978329 
9*978309 

9*978288 
9-9/8268 
9*978i47 
9*978227 
9*978206 


Parts      Sine 


so«"5ir 


58 

30 

50 

29 

54 

30 

•2 

28 

90 

30 

48 

*7 

48 

30 

44 

20 

4* 

30 

40 

26 

38 
30 

80 

24 

34        **> 

3*  I  23 

30        30 

-w'2-2 

88,     30 
*4     21 
fai;     3C 
20 


30 
14 

30 

13 

10 

12 

30 
II 

30 
10 

30 

0 

30 

H 

30 

7 

3D 

6 

30 

_5 

30 

4 

30 

3 

3d 

2 

30 
1 

30 

0 


/  // 


4k  48* 


774 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 

p   ^m                                                                          1QO 

"IT 

IB. 

Sine 

Parti 

Cooec. 

Tangent 

Parta 

Cotang. 

Secant 

Parte 

Cosine 

-?- 

!'" 

0 

9489982 

10*510018 

9*511776 

10*488214 

10*021794 

9*978106 

♦>a,ffl» 

30 

t 

9-490177 

1"    6 

10*509823 

9*511991 

1"    7 

10*488009 

10*021814 

1*1 

9*978186 

*» 

J» 

I 

4 

9*490371 

«    «3 

10*509629 

9*512206 

2    14 

10-487794 

10*011835 

9    1 

9-978165 

66 

89 

30 

6 

9*490565 

III 

•0-509435 

9*512420 

2    11 

10*487580 

10*011855 

9   1 

9978145 

64 

30 

9 

8 

9*49°759 

10*509141 

9*511635 

4    18 

10*487365 

10*011876 

*   3 

9-978114 

63 

5e 

so 

It 

9490953 

6    32 

•0*509047 

9*512850 

6    36 

ir487>5° 

10*011896 

«  3 

9978104 

tt 

31 

3 

It 

9*491147 

6    39 

10508853 

9513064 

*    43 

10*486936 

10*011917 

6  4 

9*978083 

48 

*7 

so 

14 

9*491341 

7    45 

10*508659 
10*508465 

9513278 

7    50 

10*486711 

10*011938 

7   5 

9*978061 

46 

30 

4 

14 

9*49-535 

8    51 

9*5 '3493 

•    57 

10*486507 

10*011958 

6  6 

9978041 

44 

58 

so 

18 

9*491728 

9    |8 

10  64 

11  71 

10*508272 

9513707 

9    64 

10*486293 

10*011979 

9  6 

9*978011 

4S 

M 

6 

to 

« 

9*49192* 

10*508078 

9513911 

10  71 

11  78 

10*486079 

10*011999 

10  7 

11  2 

9*978001 

48 
36 

59 

30 

SO 

9*492115 

10*507885 

9'5H'35 

10-485865 

10*012010 

9*977980 

6 

14 

9*492308 

12    77 

10*507691 

9*5*4349 

12    85 

10*485651 

10*012041 

12   8 

9*977959 

38 

54 

so 

to 

9*491502 

11    84 

10*507498 

9*5«45'53 

19    93 

10*485437 

10*022061 

13   9 

9*977939 

34 

JB 

7 

18 

9*492695 

14    90 

10*507305 

9*5«4777 

14  100 

10*485113 

10*011081 

14  10 

9*9779  >8 

31 

53 

so 

SO 

9-492888 

16    96 

10*507111 

9-514990 

15  107 

10*485010 

10*011103 

15  10 

9977897 

36 

30 

• 

SS 

9*49>o8i 

16  103 

10-506919 

9-515104 

16  114 

10*484796 
10*484583 

10*011123 

16  11 

9*977877 

16 

52 

so 

34 

9*493273 
9*493466 

17  109 

10*506727 

9*5»54*7 

17  121 

10*011144 

17ll 

9*977856 

18 

30 

• 

SO 

18  116 

10506534 

9515631 

18  118 

10*484369 

10*011165 

18  12 

9*977835 

14 

5! 

so 

SO 

9*493659 

19  122 

10*506341 

95  «5844 
9*516057 

19  135 

10*484156 

10*011185 

19l3 

9-977815 

» 

30 

10 

SO 

40 

n 

9H938  5 1 

20  129 

21  135 

10*506149 

10  142 
91  150 

10*483943 

10*011206 

90i4 
2114 

9*977794 

16 
18 

56) 

30 

9*494044 

10*505956 
10*505764 

9*516171 

10*483719 

10*021127 

9*977773 

II 

44 

9*494236 

22  146 

9*516484 
9*5»»*97 

89  1J7 

10*483516 

10*012248 

2215 

9*97775* 

16 

49 

SO 

46 

9*494428 
9*494*2 1 

21  148 

10*505572 

-19  164 

10483303 

10*012268 

29  16 

9*97773* 

14 

30 

12 

48 

28  161 

10*505379 

9*516910 

24  171 

10*483090 

10*011189 

9417 

9*9777" 

It 

49 

so 

SO 

9*494813 

10*505187 

9-5«7«*S 

28  178 

10481877 

10*011310 

95  17 

9-977690 

16 

30 

13 

91 

9*495005 
9*495196 

26  162 

«••  504995 

10*504804 

9"5>TS1J 

88185 

10*481665 

10*011331 

96  18 

9977669 

8 

47 

90 

04 

27  174 

9#5i754i 

27  191 

10*481452 

10*011351 

27  19 

9'977948 

0 

30 

U 

96 

9*495388 

28  180 

10*504612 

9*517791 

:3 

10*481139 

10*011372 

2819 

9*977018 

4 

46 

so 

06 

9*495580 

20  186 

10*504410 

9*5«797J 
9*518189 

10*481017 

10*011393 

29io 

9-977607 

t 

30 

16 
so 

13 

t 

9*495772 

90  193 

10*504118 

80  114 

10*484814 

10*012414 

9021 

9977586 

68 

45 

9*495963 
9*496154 

1      6 

10504037 

9-5>8j9t 
9-518610 

1      7 

10*481601 

10-011435 

1    I 

9*977565 

36 

II 

4 

2     13 

10*503846 

•    H 

10*481390 

10012456 

9    1 

9*977544 

68 

44 

so 

6 

9496346 

9     19 

10*503654 
10503465 

9*518811 

9    11 

10*481178 

10*021476 

9   2 

9*9775*4 

64 

36 

17 

8 

9*496537 

4    *S 

9*5»9°34 

4    18 

10*480966 

10*011497 

*  3 

9*977503 

61 

43 

so 

It 

9*496728 

6    32 

10*503171 

9*519146 

•    35 

10480754 

10*011518 

•  3 

9*97748* 

36 

36 

18 

It 

9*496919 

6    38 

10*503081 

r*?»9458 

6    4* 

10*480542 

10*011539 

«  4 

9*977461 

48 

43 

so 

14 

9*497110 

7    44 

10*502890 

9*519670 

7    49 

10*480330 

10*021560 

7   5 

9*977440 

48 

30 

19 

16 

9497301 

8    51 

10*502699 

9*519882 

8     56 

10*480118 

10*012581 

8  6 

9*977419 

44 

41 

so 

16 

9*497492 

9    57 

10*502508 

9*510094 

9    63 

10*479906 

10*022602 

9  6 

9*977398 

4-1 

36 

211 
so 

to 

tt 

9*497682 

10  63 

11  70 

10*502318 
10*502127 

9- 52030 5 

10  70 

11  77 

10*479695 

10*021613 

10  7 

11  8 

9*977377 

46 
38 

43 

9>97873 

9-520517 

10*479483 

10*012644 

9977356 

36 

21 

t4 

9498064 

12    76 

10*501936 

9*520718 

12    84 

10*479171 

10*022665 

19  2 

9*977335 

36 

33 

sn 

66 

9498254 

13     81 

10*501746 

9*520939 

13    91 

10-479061 

10*022686 

19  9 

9'9773i4 

34 

36 

22 

to 

9*498444 

14     89 

10*501556 

9*521151 

14    98 

10-478849 

10*021707 

14  10 

9977193 

33 

33 

so 

SO 

9*498634 

15    95 

10*501366 

9*5*1361 

15  105 

10*478638 

10-011718 

15  10 

9-977171 

36 

36 

29 

St 

9*498825 

16  joi 

10-501175 

9"5**573 

16  111 

10*478417 

10*011749 

16  it 

9'977i5i 

S8 

«7 

so 

34 

9*499015 

17  108 

10*500985 

9*521784 

17  110 

10*478116 

10*011770 

17n 

9977130 

16 

36 

24 

36 

9*499204 

18  114 

10*500796 

9521995 

18  117 

10*478005 

10*011791 

I813 

9*977109 

96 

33 

so 

36 

9*499394 

19  121 

10*500606 

9*522206 

19  134 

10*477794 

10*011811 

1913 

9*977188 

St 

36 

26 

.  so 

40 
41 

9*499584 

20  117 

21  133 

10*500416 

9-5*2417 

20  141 

21  148 

10*477583 

10*011833 

9014 
21  15 

9977167 

86 
18 

33 

9*499774 

10*500226 

9522627 

JO'477373 

10*011854 

9*977i46 

36 

99 

44 

9*499963 

22  140 

10*500037 

9*521838 

22  155 

10*477161 

10*012875 

22i| 

9*977115 

16 

34 

30 

46 

9*500153 

23  146 

10*499847 

9*513048 

29  161 

10*476951 

10*011896 

29  16 

9*977I04 

14 

36 

27 

46 

9-50034* 

24  152 

10499658 

9523159 

24  169 

10*476741 

10*011917 

24  17 

9*977o83 

11 

33 

so 

90 

9*500531 

26i59 

10*499469 

9*513469 

25  176 

10476531 

10*011938 

2517 

9*977061 

16 

36 

28 

91 

9*500711 

26  165 

10*499179 

9*513680 

26  183 

10*476310 

10*011959 

26  18 

9*977041 

8 

33 

so 

94 

9*500910 

27  171 

10*499090 

9*  513890 

27  190 

10*476110 

10*011980 

2719 

9*977010 

6 

36 

29 

96 

9*501099 

28  178 

10*498901 

9*5H«oo 

28197 

10*475900 

10*013001 

28 10 

9*976999 

4 

31 

so 

96 

9*501288 

29  184 

10*498711 

9*514310 

29104 

10*475690 

10*013011 

29io 

9*976978 

t 

36 

30 

14 

9*501476 

90  190 

10*498514 

9*524510 

Mill 

10475480 

10*013043 

9011 

9976957 

6 

30 

/  // 

m. 

Cooine      Part* 

Secant 

Cotang. 

Parte 

Tangent 

Cooec. 

Parte 

Sine 

•." 

/  it 

71°                                                        4fc40- 

TABLE   68 


775 


LOG.  8INBS,  COSINES,  &c 


|t>   Um 


18? 


9  99 


30 

30 
II 
30 

32 

so 
33 

at 
34 

st 
36 

36 
30 

30 
87 

30 

18 

30 

39 


30 
41 

30 
42 

30 
43 

30 
44 

30 
46 

SO 
41 

30 
47 

30 

48 
30 

49 

30 

60 

30 
61 

30 
59 

30 

63 

30 

64 

so 
M.. 

30 
30 

17 

so 

68 

sr 
68 


Sine 


9- $01476 
9*501665 

9'5©«J8S4 
9*501042 
9*502131 


9502419   6 

9*502607 

9*502796 

9-502984 

9*503172 


IlltS 


Cosec 


9*503548 

9-503735 
9*503923 
9*50411014 
9*504208 

9*504485 
9*504673 
9*50486018  112 
9*505047 
9*50523486  125 
91  131 


9*505421 
9*505608 


99  137 


9*505794©  144 


9*505981 
9*506168 
95063  54 
9'  50654 


94  150 
96  156 
96  162 

i7  169 


9*506727*98  175 
9*506913199  181 
9-  507099  **°  -<7 


9*507285 

9-507471 
9*507657 
9*507843 
9-508028 
9508214 
9*508400 
9508585 
9-508770 

9-5og956 


9-509141 

9- 509316)12 

9509511 

9-509696 

9.509880 

9*510065 

9*510250 

9510434 

9-5 10619 19 

9*51080380 


9510987 
9511 
9-511 
9511 
951 1 


172  99 
35688 
540  94 


9*511907 

9-512091 

9511275 

9'5ii458|99 

9' 


*  5 11641  SO 


Cosine 


50 
56 
61 

69 

75 
81 

87 

15  94 

16  100 

17  106 


1      6 
9    11 


8  49 

9  f5 

10  6l 

11  68 

74 
is  80 
14  86 
16    91 

16  99 

17  105 

18  111 

«»7 
113 

91  119 

US 

»4* 
148 

»54 

96  160 

97  166 

98  172 

179 
185 


Parts 


10*498524 
10-498335 
10*498146 
10497958 

10*497769 
10497581 

10-497393 
10*497104 
10-4970 16 
10*496828 
10*496640 


10496452 
10*496265 
10-496077 
10*495890 
10-495702 

«o'4955'5 
'0*4953*7 
10-495140 

JO'494953 
10-494766 


»o>94579 
10-494392 
10*494206 
10-494019 
10-493832 
10*493646 

»o'493459 
10493273 
10*493087 
10*492901 


10-492715 
10492529 

«o*49*343 
10*492157 
10-491972 

10-491786 
10*491600 
10-491415 
10*491230 
10*491044 


10-490859 
10-490674 
10490489 
10*490304 
10*490120 

10-489935 
10*489750 
10*489566 
10*489381 
10-489197 


10*489013 
10*488828 
10-488644 
10*488460 
10*488276 

10-488093 
10-487909 
10-487715 
10*487542 
10*487358 


8ecant 


Tangent  Parti 


9524520 
9*524730 
9-524940 
9*5*5*49 
9*5*5359 
9525568 

9*5-5778 
9*515987 
9*516197 
9*516406 
9*516615 


9*516824 
9*527033 
9*527142 
9*527451 
9*527660 

9*517868 
9*518077 
9*518185 

9-5*8494 

9*518701 


9*518910 
9*519119 
9-519317 
9*5*9535 
9*5*9743 

9*5*995 1 
9530M8 
9530366 

9-530574 
9*530781 


9*  530989 
9*531196 
9-531403 
9531611 
9*531818 

9*53*0*5 
9*53**3* 
9*53*439 
9*531646 

9-53*853 

9-5330J9 
9533166 

953347* 
r533679 
9*533885 
9534091 
9-534*98 
r534504 
9-5347-0 
9*5349*6 


9*535111 
9*5353*8 
9*535534 
9*535739 
9*535945 
9536150 
9*536356 
9536561 
9-536767 
9*53697* 


15  104 

16  in 

17  118 

18  115 

19  132 
90139 

91  146 
99  153 

93  160 

94  167 
98  174 

96  181 

97  188 

»95 
89  102 
»oo 


7 
»4 
11 

28 
34 

4« 

48 

02 
69 
76 
83 

9 

103 
no 
"17 
»*4 
131 
138 
91  144 
99  151 

94  165 

95  172 

96  178 

97  186 

193 
200 
SO  206 


Cotang.     Parti 
7F" 


Cotang. 


0*475480 
0*475270 
10*475060 
0*474851 
0474641 
0474432 

0*474222 
0-474013 
0*473803 
0*473594 
0*473385 


0-473176 
0*472967 
0*472758 
0*472549 
0*471340 
0*471131 
0-471913 
10-471715 
0*47 1 5C6 
0*471198 


10*471090 
0-470881 
0*470673 
0*470465 
10-470157 
10*470049 
10*469841 
10*469634 
10*469416 
10*4691 19 


10*469011 
10*468804 
0*468597 
0*468389 
0-468182 

0467975 
0*467768 
0*467561 
0*467354 

o*467'47 


0*4661,41 
0*466734 
[0*466528 
10*466321 
10*466115 
0*465908 
0*465701 
10*465496 
0*465290 
0*465084 


0*464878 
0*464672 
0*464466 
0*464261 
0*464055 

0*463850 
0-463644 

10463439 
0463233 
0*463028 


Tangent 


8ecant 


10*023043 
10*023065 
10*023086 
10-023107 
10*023128 
10*023149 
10*023170 
10*023192 
10*023213 
10*023234 
10*023255 


10*023177 
10*023198 
10-013319 
10*013340 
10*013362 

10*013383 
10*013404 
10*013416 
10*013447 
0*013468 


10*013490 
10*013511 
10*013531 
10*023554 
10*023575 
10*023596 
10*023618 
10*023639 
10*023661 
10*023682 


10*023704 
10-023725 
10*023746 
10*023768 
10*023789 
10*023811 
10*023832 
10*023854 
10*023875 
10*023897 


10*023919 
10*023940 
10*023962 
10*023983 
10*024005 
10*024026 
10*024048 
10*024070 
10*024091 
10*024113 


10*024135 
10*024156 
10*024178 
10*024200 
10*024221 

10*024243 
10*024265 
10*024286 
10*024308 
10*024330 


Cooec. 


V 
9 
3 

4 

6 

6 

7 

8 

9 
10 
11 
19 
13 
14  10 
16  II 

16  11 

17  12 

18  13 
1913 
9014 
91  15 
99  16 

93  16 

94  17 

95  18 

96  18 

97  19 

98  20 
9921 
3021 


9*976957 
9*9769*5 
9*976914 
9*976893 
9*976871 
976851 

9*976830 
9*976808 

9*976787 
9976766 

9*976745 


99767*3 
9.976701 
9*976681 
9*976660 
9976638 
9*976617 
9976596 
9-976574 
9976553 
9-97653» 


1 
9 
3 

4 

6 

6 

7 

8 

9 
10 
11 
19 
13 

14  10 
16  11 

16  11 
17ll 
18  13 
1914 

90  14 

91  15 
99  16 
93  17 
9417 
95  18 
9619 

97  19 

98  20 
9921 
SO  22 


Parts 


Cosine 


9*976510 
9976480 
9976468 
9*976446 
9976425 

9*976404 
9*97638i 
9*976361 
9-976339 
9'9763'8 


9976296 
9-976275 
9976254 
9*976232 
9*976211 
9-976189 
9*976168 
9*976146 
9*976125 
9-976103 


9*976081 
9*976060 
9*976038 
9*976017 
9*975995 
9*975974 
997595* 
9-975930 
9975909 
9'975887 


9*975865 

9975844 
9-975822 
9975800 
9*975779 
9*975757 
9*975735 
9*9757H 
9*97569* 
9'97S67o 


30 

30 

29 

30 

88 

30 

87 

*** 
26 

10 
26 

30" 
24 

30 

28 

30 

22 

30 

21 

30 

20 

"30 
19 

30 

18 

30 

17 
30 

18 

30 

16 
30 

14 

30 

13 

30 
12 

30 
II 

30 

10 


8 

30 

7 

30 
6 
30 

6 

30 

4 
30 

3 

30 

9 
30 
I 

m 
0 


t  19 


4b    44m 


776 

Table  68 

loo.  sInes.  COSINES,  &c 

lh    16™                                                      19° 

/  // 

*?' 

Sine    1  Ports 

Cooec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cookie 

am-'" 

«„  1 

0 

0 

9-5126411 

10-4X7358 

9536972 

10*463018 

10*024330 

'9975670 

•m  <a» 

30 

* 

9-512815 

r  6 

10-427175 

9*537*77 

1-    7 

10*461811 
10*461618 

10*024352 

I*  1  997  5-64-8 

5»  •     *■ 

1 

4 

9513009 

2  12 

10*486991 

9-53738* 

*    14 

10-024373 

2    1  I9975617 

SAJ88 

30 

0 

9  513192 

3  18 

10-486808 

9'5375«7 

8    10 

10*461413 

10*024395 

3    219*975605 

«!  » 

2 

8 

rsnvt 

«    *+ 

10*486615 

9*53779* 

*    *7 

10*461208 

10*024417 

4    3  19*9755*3 

».68 

30 

10 

9*S'355« 

5     30 

10-486441 

9537997 

«    34 

10*461003 

10024439 

*  4|9*97556» 

»:  » 

3 

IX 

9*5«374i 

6    36 

10-486159 

9*538202 

6    41 

10*461798 

10*024461 

6  4  9*975539 

«;87 

30 

14 

9*513924 

7    43 

10*486076 

9*538406 

7    48 

10*461594 

10*024482 

7    5]9*9755»8 

46  1     » 

4 

16 

9-514107 

8    49 

10485893 

9*538611 

8    54 

10*461389 

10*014504 

8  6  !9*  975496 

44 

08 

30 

Id 

9*  5 14189 

9    55 

10  61 

11  67 

10*485711 

9*538816 

9    61 

10*461184 

10*014516 

2  7  9*975474 

43 

30 

"30 

to 
n 

9-514471 

10*485518 

9*539020 

10    68 

10*460980 

10*014548 

10   7  9-9754*5* 
»   8  (9*975430 

40) 
3* 

« 

9-514655 

10-485345 

9-539224 

'■     75 

10*460776 

10*014570 

39 

6 

u 

9514837 

12    73 

10*485163 

9-539429.12    82  10  460571 

10*014591 

12   9 

9975408 

m 

84 

30 

96 

9515019 

IS    79 

10*484981 

9*539633   13    88' 10*460367 

10*024614 

13  9p*97S3** 

24 

3f 

7 

» 

9  515202 

14    85 

10*484798 

9*539837  ,14    95  110*460163 

\c  014635 

14  10 

9975365 

31 

81 

30 

30 

r5*53«4 

15    91 

10*484616 

9*540041  jis  101  |io*459959 

10*024657 

15  11 

9*975343 

39 

30 

8 

33 

9-515566 

16    97 

10-484434 

9*540245 

16  109,10-459755 

10*014679 

16  12 

9*9753*1 

**S 

82 

30 

34 

9*5«574« 

17  103 

10484252 

9'54<H49 

17  116110*459551 

10*024701 

17  12 

9*975*99 

*M 

30 

t 

36 

9515930 

18  109 

10*484070 

9-540653 

18  m'io*4 59347 

10*024723 

18  13 

9'975*77 

S4|8I 

30 

36 

9*516111 

19  115 

10483888 

9*540857  il»  129110*459143 

10-024745 

•2 '4  9*975*55 

•tt!     30 

10 

40 
41 

9- 5 16294 

20  III 

21  117 

10-483706 

9*  54106 1 

2O136 

10458939 

10*014767 

2015  9*975*33 

»  )  3* 

30 

9-516475 

10*483525 

9*541164 

21   143 

10*458736 

10x14789 

21  15 

^•975*11 

11 

44 

9-516657 

22  134 

»o*4*3343 

9*541468   22  150 

10458531 

10*014811 

22  16  ;9*9?5i$9 

16-19 

30 

46 

9-516838 

23  140 

10*483162 

9*  54167 1  |23  156 

10-458319 

10*014833 

*23*7  9'975I67 

14  j      30 

13 

48 

9-517010 

24  146 

10*482980 

9541875  j»  '63 

10*458115 

10*024855 

34 '8 '9-975145 

»;  48 

30     30 

9-517101 

25  152 

10*482799 

9*541078  25  170 

10*457911 
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18  103 

10-462837 

9' 564593 

18  117 

10*435407 

10-027430 

18  14 

9*97*57o 

84 

51 

so 

St 

9537335 

19  109 

10*462665 

9*564788 

19  124 

10*435212 

10-027453 

1915 

9*97*547 

88 

30 

10 

to 

40 
48 

9*537507 

29  115 
21  III 

10-462493 

9564983 

20  130 

21  137 

10-435017 

10-027476 

20  15 

21  16 

9*972524 

86 
18 

88 

9*537^79 

10*462321 

9*565178 

10*434822 

10-027499 

9*97*501 

30 

11 

44 

9537851 

22  126 

10*462149 

9*565373 

22143 

10-4.34627 

10*027522 

2217 

997*478 

16 

48 

so 

46 

9-538023 

23  132 

10*461977 

9565568 

23  150 

'0*43443* 

10*027546 

23  18 

9*97*454 

14 

36 

12 

48 

9'53*»94 

24  138 

to -46 1806 

9*  565763 

24  156 
26  163 

•0*434*37 

10*027569 

24  18 

9*97*431 

18 

48 

90 

58 

9-538366 

25  144 

10*461634 

9*565958 

10*434042 

10*027592 

2619 

9*971408 

It 

30 

II 

« 

953*538 

28149 

10*461461 

9566153 

26  170 

"0-433847 

10*027615 

26  20 

997*385 

8 

47 

90 

51 

9538709 

27  155 

10*461291 

9*566348 

27  176 

10*433652 

10*017639 

2721 

9*97*36i 

6 

30 

14 

56 

9-538880 

28  161 

10*461120 

9-566542 

28  183 

"0-433458 

10*027662 

28  21 

9*971338 

4 

-88 

30 

58 

9'539°5* 

29  167 

10*460948 

9  566737 

29189 

10433163 

10*027685 

2911 

9*97*3*5 

2 

so 

U 

so 

S3 

8 

9-539**3 

90  172 

10-460777 

9  56693* 

98  106 

10*433068 

10-027709 

30 13 

9*972291 

66 

45 

9539394 

1    i 

10*460606 

9*56712$ 

1      i 

10-432874 

10*017731 

1    I 

9*972268 

36 

18 

4 

9*5395*5 

2  11 

10*460415 
10*460264 

9*567320 

*    II 

10*432680 

10*017755 

9   1 

9*97**45 

56 

44 

10 

6 

9*53973* 

9  17 

9*5675'5 

12 

10-431485 

10017779 

9   l 

9*972211 

54 

30 

17 

t 

9*539907 

*    *3 

10*460093 

9-567709 

10*431291 

10*017801 

**   3 

9-971198 

58 

43 

so 

10 

9-540078 

6    28 

10*459922 

9*567903 

6    32 

10*431097 

10*017815 

*  4 

9*971175 

56 

36 

18 

18 

9-  540249 

6    34 

10*459751 

9*568098 

6    39 

10-431901 

10*017849 

«  5 

9*971151 

46 

42 

30 

14 

9-540420 

7    40 

10-459580 

9*568292 

7    45 

10*431708 

10*017871 

11 

9-971118 

46 

36 

19 

16 

9-540590 

8    45 

10-459410 

9*568486 

8    5* 

10-431514 

10*017895 

9*97*io5 

44 

41 

30 

It 

9.540761 

9    5« 

10*459239 

9-568680 

9    58 

10*411320 

10*017919 

9  7 

9-972081 

48 

30 

St 

80 
88 

9- 540931 

10  57 

11  62 

10*459069 

9568873 

19    64 

11    7' 

10*431127 

10*017941 

10  8 

11  9 

9*972058 

46 
36 

40 

30 

954"'o* 

10-458898 

9*569067 

10430933 

10*017966 

9*97*034 

SI 

84 

9-541272 

12    68 

10*458728 

9*569261 

19    77 

10430739 

10*027989 

12  9 

9-971011 

36 

ao 

so 

86 

9*54144* 

13    74 

10-458558 

9*569455 

13    84 

10-430545 

10*028012 

13  IO 

9971988 

34 

36 

22 

86 

9541613 

•  4    79 

10-458387 

9*569648 

14     90 

10430352 

10*018036 

14  11 

9*971964 

38 

38 

30 

30 

9*54«7«3 

15    85 

10*458217 

9*  56984* 

16    97 

10*430158 

10*028059 

16  12 

9*97i94» 

36 

36 

23 

38 

9*54*953 

16    91 

10-458047 

9*570035 

16  103 

10*429965 

r  0*02808 3 

16  12 

9971917 

» 

37 

30 

34 

9*54***3 

17    96 

10-457877 

9- 570229 

17  no 

10*429771 

10*028106 

17  13 

9*9/1894 

86        38 

24 

36 

9*54**93 

18  102 

10*457707 

9-570422 

10  116 

10*429578 

10*028130 

18  14 

9*V7»870 

"I* 

30 

38 

9542462 

19  108 

10*457538 

9*570616 

19  123 

10429384 

10*018153 

1915 
90  16 
21  16 

9971847 

88 

36 

26 

30 

40 

48 

9542632 

20  113 

21  119 

10*457368 

9*570809 

29  129 
91  135 

10*429191 

10*028177 

9*971813 

86 
18 

35 

9- 542802 

10-457198 

9*571002 

10*418998 

10*018200 

9*971800 

36 

29 

44 

9-542971 

22  125 

10*457029 

9-571195 

28  142 

10*418805 

10*018124 

2217 

9*971776 

M 

34 

at 

46 

9-543HI 

23  130 

10-456859 

9571388 

29  148 

10*428611 

10*018247 

23  18 

9*971753 

M 

36 

27 

46 

9'  5433*0 

24  136 

10*456690 

9*571581 

94l<5 
28  161 

10*418419 
10*418116 

10*02827 1 

24H9 

99717*9 

18 

33 

30 

68 

9*543480 

28  142 

10*456520 

9*571774 

10*018194 

26x9 

9*971706 

16 

38 

2S 

58 

9*543*49 

28  147 

10-456351 

9*571967 

96  168 

10*418033 

10*028318 

9820 

9*971681 

6 

32 

so 

54 

9543818 

27  153 

10*456182 

9*572160 

97  174 

10*417840 

10*028342 
10*028365 

271119-971658 

6 

3t 

29 

66 

9-543987 

28i59 

10*456013 

9*57*35* 

28  181 

10*417648 

28  21  6-971635 

4 

31 

30 

M 

9-544156 

29  164 

'0*455844 

9*57*545 

29  187 

10*417455 

10*018389 

2913,9-971611 

8 

30 

30 

aa 

9*5443*5 

30  170 

-o*455675 

9*57*738 

80  193 

10-417262 

10-018412 

30  *3  6-9715881  • 

30 

I II 

m 

Corrine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Coeec. 

Pmrts|    Sine     \q*\' " 
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LOG.  SINES,  COSINES.  &r 

[h  >22m                                                  20° 

9  ft 

Sine 

Parte 

Cooec. 

Tangent 

Parte 

Cotang. 

Secant 

Parte 

Cosine 

30 

0 

9*5443*5 

10*455675 
10*455506 

9*57*73* 

10*427262 

10*028412 

9*971588 

39 

1 

9*544494 

1"    6 

9*57*93° 

1"    6 

10*427070 

10*028436 

1"  1 

9*971564 

5tt 

30 

31 

4 

9*544663 

2    11 

i°*455337 

9*5731*3 

2    13 

10*426877 

10*028460 

2    1 

9*97  "54° 

00 

29 

j« 

6 

9*544832 

3     17 

10*455168 

9*573315 

3     19 

10*426685 

10*028483 

3   2 

9*9r*5'7 

54 

30 

8* 

0 

9*545000 

4     22 

10*455000 

9*573507 

4    26 

10*426493 

10*028507 

*   3 

9-971403 

51 

28 

M 

10 

9*545169 

5    28 

10*454831 

9*573700 

5     32 

10*426300 

10*028531 

«   4 

9971469 

50 

00 

S3 

IS 

9*54533* 

«    34 

10*454662 

9*573*9* 

6    38 

10*426108 

10*028554 

«    5 

9*971446 

48 

27 

n 

14 

9*545506 

7    39 

i°*454494 

9*574084 

7    45 

10*425916 

10*028578 

7   6 

9971422 

40 

90 

34 

16 

9*545674 

*   45 

10*4543*^ 

9*574276 

8    51 

10*425724 

10*028602 

8   6 

9*97 » 39* 

44 

26 

30 

16 

9*545843 

9    50 

IO-454157 

9*  574468 
9*574660 

9    5* 

ie   64 

11    70 

10425532 

10*028625 

9   7 

9*971375 

42 

30 

35 
90 

to 
to 

9*546011 

10  56 

11  61 

10453989 

10*425340 

10*028649 

10  8 

11  9 

9*971351 

40 

38 

26 

30 

9*  546 179 

10*453821 

9*574*5* 

10*425148 

10*028673 

9971327 

St 

94 

9*546347 

12    67 

10*453653 

9*575044 

12   77 

10*424956 
10424764 

10*028697 

12  9 

9*971303 

30 

24 

m 

90 

9*546515 

13    72 

10*453485 

9*575*36 

13    83 

10*028720 

13  IO 

9*971280 

34 

90 

37 

18 

9*546683 

14    78 

10*453317 

9*5754*7 

U     89 

'0*4*4573 

10*028744 

14li 

9*97i*56 

31 

23 

90 

30 

9*546851 

15    84 

10*453149 

9*575619 

16    96 

10*424381 

10*028768 

16  12 

9*971232 

30 

so 

St 

32 

9*547019 

10    90 

10*452981 

9-575810 
9*576002 

.6  102 

10*424190 

10*028792 

16  13 

9*971208 

10 

22 

3D 

94 

9*547187 

17    95 

10*452813 
10-452646 

17  109 

10*423998 

10*028815 

1713 

9*97ii*5 

10 

90 

30 

90 

9*547354 

18  IOI 

9*576193 

18  115 

10*423807 

10*028839 

18  14 

9*971161 

14 

21 

30 

30 

9*5475" 
9*547689 

19  107 

10*45*47* 

9576385 
9*576576 

19  121 

10*423615 

10*028863 

1915 

9*971137 

11 

90 

40 

90 

40 

4* 

SO  112 

31  118 

10*452311 

20  128 

21  134 

10423424 

10*028887 

20  16 

21  17 

9*971113 

10 

20 

30 

9*547*57 

10452143 

9*576767 

10*423233 

10*028911 

9*971089 

41 

44 

9*548024 

32  123 

10*451976 

9*576959 

22  141 

10*423041 

10*028934 

22  17 

9*971066 

10 

10 

99 

40 

9*548191 

23  129 

10*451*09 

9*577150 

23147 

10-422850 

10*028958 

23  18 

9*971042 

14 

90 

41 

40 

9*54*359 

24134 

10*451641 

9'57734i 

24  153 

10*422659 

10*028982 

2419 

9*971018 

11 

18 

90 

30 

9548526 

25  140 

10*451474 

9*57753* 

26  160 

10*422468 

10*029006 

25  20 

9*970994 

10 

*» 

43 

90 

9*548693 

26145 

10*451307 

9*5777*3 

20  166 

10-422277 

10*029030 

2621 

9*97097o 

0 

17 

90 

54 

9*548860 

27  151 

10*451140 

9*577914 

27  173 

10*422086 

10*029054 

2721 

9*970946 

0 

90 

44 

50 

9*549027 

28  156 

10*450973 

9*578104 

28  179 

10*421896 

10*029078 

2822 

9*970922 
9970898 

4 

to 

90 

50 

9*549»?3 
9*549360 

29  162 

10*450807 

9*57**95 
9*57*4*0 

99  185 

10*421705 

10*029102 

2923 

1 

9» 

46 

90 

as 

i 

30  168 

10*450640 

SO  192 

10-421514 

10*029126 

30  24 

9*970874 

37 
58 

16 

90 

9*5495*7 
9*549693 

1      6 

10-450473 

9*578676 

1      6 

10*421324 

10*029150 

1    I 

9*970850 

40 

4 

2     n 

10*450307 

9*57*867 

*    13 

10*421133 

10*029173 

2   2 

9970827 

50 

14 

90 

0 

9*49860 

3    17 

10*450140 

9*579057 

S     19 

10*420943 

10*029197 

3    2 

9*970803 

54 

30 

47 

8 

9*550026 

4    22 

io*449974 

9*579*4* 

«   *5 

10*420752 

10*029221 

♦   3 

9*970779 

51 

IS 

90 

10 

9*550193 

5    28 

10*449807 

9*57943* 

6    32 

10*420562 

10*029245 

6   4 

9*970755 

50 

90 

48 

IX 

9*55°359 

«    33 

io,449*s4i 

9*5796*9 

0    38 

10*42037 1 

10*029269 

6   5 

9*97073i 

49 

12 

90 

14 

9*550525 

7    39 

10*449475 

9*579*19 

7    44 

10*420181 

10*029293 

7   6 

9*970707 

4.1 

90 

49 

10 

9*550692 

6    44 

10*44930* 

9-580009 

8    51 

10*419991 

10*029317 

8   6 

9*970683 

44 

11 

90 

10 

9*550858 

9    50 

10*449142 

9*5*oi99 

9    57 

10*419801 

10*029341 

9   7 

9*970659 

41 

30 

60 

90 

90 

9*551024 

10  55 

11  0 

10*448976 

9*580389 

10  63 

11  70 

10*419611 

10*029365 

10  8 

11  9 

9*970635 

40 
30 

10 
30 

9*551190 

10*448810 

9*5*o579 

10*419421 

10*029389 

9*970611 

61 

24 

9*551356 

12    66 

10448644 

9*580769 

12    76 

10*419231 

10*029414 

12  10 

9-9705*6 

30 

9 

90 

SO 

9*551521 

13    72 

10*448479 

9*580959 

13     82 

10*419041 

10*029438 

13  10 

9*970562 

34 

30 

62 

18 

9*551687 

1*    77 

10*448313 

9-581149 

14    88 

10*418851 

10*029462 

14  11 

9*97053* 

31 

8 

90 

90 

9*55**53 

16    83 

1044*147 

9*5*1339 

15    95 

10*418661 

10*029486 

15  12 

9*9705i4 

30 

30 

63 

30 

9-552018 

16    88 

10*4479** 

9581528 

16  101 

10*418472 

10*029510 

16  13 

9*97049° 

18 

7 

90 

34 

9*552184 

17    94 

10*447816 

9*581718 

17  107 

10*418282 

10*029534 

17  14 

9*970466 

10 

30 

64 

30 

9*55*349 

18    99 

10*447651 

9*581907 

10  114 

10*418093 

10*029558 

18  14 

9*97044* 

14 

6 

90 

30 

9*55*515 

19  105 

10*447485 

9582097 

19  120 

10*417903 

10*029582 

1915 

997041* 

11 

30 

66 

90 

40 
41 

9-5*2680 

90  110 
21  116 

10*447320 

9*582286 

20  126 

21  133 

10*417714 

10*029606 

20  16 

21  17 

9*970394 

10 
18 

6 

30 

9*552845 

10*447155 

9*582476 

10417524 

10*029630 

9970370 

60 

44 

9*553010 

22  121 

10446990 

9*582665 

22  139 

10417335 
10*417146 

10*029655 

22l8 

9*970345 

10 

4 

90 

40 

9*553176 

23  127 

10*446824 

9*5***54 

23145 

10*029679 

23  18 

9*9703*i 

14 

-30 

67 

40 

9*S5334« 

24  132 

10*446659 

9*5*3044 

24  152 

10*416956 

10*029703 

24  19 

9*970297 

11 

3 

90 

50 

9*553506 

26  138 

,0-446494 

9*5*3*33 

26  158 

10*416767 

10*029727 

25  20 

9*970273 

10 

90 

68 

91 

9*553670 

26  743 

10*446330 
10*446165 

9*5*34** 

26164 

10*416578 

10*029751 

2621 

9970249 

8 

2 

90 

54 

9  553*35 

27  149 

958361 1 

27  171 

10*416389 

10*029776 

2722 

9*970224 

0 

90 

59 

00 

9*554000 

28i54 

10*446000 

9*583800 

28177 

10*416200 

10*029800 

2822 

9*970200 

4 

1 

30 

58 

9-554165 

29  160 

«o*445*35 

9*5839*9 

29  183 

10*416011 

10*029824 

2923 

9*970176 

1 

30 

«o 

M 

9*5543*9 

30  166 

io*44567i 

9*5*4177 

30  190 

10*415823 

10*029848 

30  24 

9*970152 

0 

0 

/  rt 

Cosine 

Parte 

Secant 

Cotang. 

Parte 

Tangent 

Cooec. 

Parte 

Sine 

uru 

/  /: 
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TABLE  68 


LOG.  SINES,  COSINES,  &c. 

I*  20,M                                                       20° 

/// 

sbtu 

Sine    |  Ports 

Cooec 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

*»• 

C* 

0 

0 

9*5U05*             }io\4.6$94* 

9*561066 

10*438934 

10-027014 

^•972986 

M 

30 

t 

9-534**5   »'    6 

10-465775 

9*561262 

I"    7 

10*43873* 

10*027037 

l*i 

997*963 

36 

30 

1 

4 

9*534399 

2    1; 

10*465601 

9-561459 

«    '3 

'o*43*54' 

10*027060 

2  1 

9-972940 

58 

b9 

36 

6 

9'53457* 

3     17 

10*465428 

9*561655 

S    20 

«o*43*345 

10*027083 

3    1 

9-972917 

54 

30 

* 

8 

9*534745 

♦    *3 

10-465255 

9*56«85i 

4    26 

10*438149 

10027 106 

*  3 

9*97**94 

32 

68 

n 

to 

9*5349'* 

5    29 

10*465082 

9*562048 

«    33 

10437952 

10*027129 

6  4 

9*972871 

50 

30 

3 

tt 

9-535092 

6    34 

10*464908 

9*562244 

6    39 

10*437756 

10*027152 

«   5 

9*97**4* 

48 

67 

n 

14 

9-535265 

7    40 

10*464735 

9*562440 

7    46 

10*437560 

10*027175 

8  J 

9*97***5 

48 

30 

4 

16 

9*53543* 

8    46 

10*464562 

9*562636 

8    52 

10437364 

10*027198 

9-972802 

44 

683 

30 

10 

9-535610 

9    5* 

10*464390 

9*562832 

8    59 

10*437168 

10*027222 

9   7 

9-971778 

41 

30 

i 

3» 

to 
ts 

9*5357*3 

'•    57 
11    63 

10*464217 

9*563028 

19    65 

11     7* 

10*436972 

10*027245 

10  2 

11  8 

9*97*755 

48 
38 

66 

30 

9*535956 

10*464044 

9- 563224 

10*436776 

10*027268 

9*97*73* 

6 

34 

9536129 

12    69 

10*463871 

9563419 

12    78 

10*436581 

10*027291 

19   9 

9*972709 

38 

64 

38 

30 

9*  5 3630 1 

IS    75 

10*463699 

9563615 

13    85 

10436385 

10*027314 

IS  10 

9-972686 

34 

so 

7 

SB 

9*536474 

14    80 

10*463526 

9563811 

14    91 

10*436189 

10*027337 

14li 

9972663 

31 

63 

30 

38 

9536646 

16    86 

'0-463354 

9*564006 

15    98 

'0*435994 

10*027360 

16  11 

9-971640 

30 

30 

• 

3t 

9536818 

16    92 

10*463182 

9*564202 

16  104 

10*43579* 

10*027383 

16  11 

9*972617 

18 

62 

30 

34 

9-536991 

17    98 

10*463009 

9*  564397 

17  in 

10-435603 

10  027407 

17  13 

9*97*593 

18 

30 

• 

38 

9"537«*3 

18  103 

10*462837 

9564593 

18  117 

10*435407 

10*027430 

18  14 

9971570 

14 

61 

30 

38 

9537335 

19  109 

10*462665 

9*564788 

19  124 

10435212 

10*027453 

1915 

9*97*547 

tt 

30 

I* 

30 

43 
4* 

9-537507 

82  115 

21   121 

10*462493 

9*  564983 

20  130 

21  137 

10*435017 

10*027476 

2O15 
21  16 

9*971524 

18 
18 

66 

9537679 

10*462321 

9*565178 

10*434822 

10*027499 

9*972501 

30 

II 

44 

9*537*5' 

22  126 

10*462149 

9*565373 

22  143 

10*434627 

10*027522 

2217 

9*97*47* 

W 

69 

30 

48 

9*53*o*3 

23  132 

10*461977 

9*565568 

23  150 

'0*43443* 

10*027546 

23  18 

9*97*454 

14 

30 

12 

48 

9*53*194 

24  138 

10*461806 

9*565763 

24  156 

10*434*37 

10-017569 

24  18 

9*97*43' 

IS 

48 

30 

30 

9-538366 

26  144 

10*461634 

9*565958 

25  163 

10434042 

10*017591 

25  19 

9*97*4o* 

ro 

30 

II 

33 

9*53*53* 

26149 

10*461461 

9566i  53 

26  170 

'0*433*47 

10*017615 

26iO 

9*97*3*5 

8 

47 

30 

31 

953*709 

27  155 

10*461291 

9*56634* 

27  176 

10-433652 

10*017639 

2721 

9*97*361 

6 

30 

14 

38 

9*538880 

28  161 

10*461 120 

9*  566542 

28  183 
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10*017661 

28  21 

9*97*33* 

4 
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30 

98 

9539052 

29  167 

10-460948 

9  566737 
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10*027685 
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9*97*3'5 

1 

3* 

1* 

30 

8 
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9  56693* 

89  1.6 

10*433068 

10*027709 

30  23 

9*972191 

88 

46 

9539394 

1       f 

10*460606 

9*567126 

1      • 

10*432874 

10*027732 

1    I 

9*971168 

30 

16 

4 

9*5395^5 

2     II 

10*460415 
ro-460264 

9*5673*0 

•    IS 

10*432680 

10*017755 

2   2 

9*97**45 

58 

44 

30 

6 

9*539736 

S    17 

9567515 

!3 

10*432485 

10-017779 

3    1 

9*971111 

54 

38 

17 

8 

9539907 

*    *3 

10*460093 

9*  567709 

10*432291 

10*017801 

*  3 

9*971198 

ss 

43 

30 

13 

9*54007* 

6    28 

10*459922 

9-567903 

S    32 

10*432097 

10*027815 

*  4 

9-971175 

58 

30 

18 

18 

9*540*49 

«    34 

10*459751 

9*568098 

6    39 

10*431902 

10*027849 

«   5 

9-97*1 5 1 

48 

42 

30 

14 

9-540420 

7    40 

10-459580 

9*568292 

7    45 

10*431708 

10*027872 

11 

9*972128 

48 

30 

19 

16 

9-540590 

8    45 

10*459410 

9*568486 

8    5* 

10*431514 

10*027895 

9-972105 

44 

41 

so 

18 

9-540761 

9    5' 

10-459239 

9*568680 

9    5* 

10*451320 

10*017919 

9  7 

9*972081 

4t 

30 
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30 

to 
ts 

9*54093* 

10    57 
U    62 

10*459069 

9*  568873 

19    64 

11    7« 

10431 127 

10*027942 

10  8 

11  9 

9*971058 

48 
38 
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9-541102 

10-458898 

9-569067 

10-430933 

10*027966 

9*97*034 

30 

21 

14 

9-541272 

12    68 

10*458728 

9-569261 

18    77 

10*430739 

10*027989 

12  9 

9*971011 

36 

39 

30 

to 

9-541442 

13    74 

10458558 

9*569455 

13    84 

10*430545 

10*028012 

13  10 

9971988 

34 

30 

22 

18 

9-541613 

i4    79 

10-458387 

9*  569648 

14     90 

10430352 

10*018036 

14  11 

9971964 

33 

38 

30 

30 

9*54'7*3 

16    85 

10*458217 

9*  569842 

15    97 

10*430158 

10-028059 

15  12 

9*971041 

30 

30 

23 

33 

9*54'953 

16    91 

10-458047 

9*570035 

16  103 

10*419965 

10*028083 
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9-971917 

18 

37 

30 

34 
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10*457877 

9-570229 
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10 

30 

24 

38 
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10-457707 
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M 

36 

30 

38 
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2* 

30 
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33 

30 
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10*457198 
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44 
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26  142 
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48 
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27 
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so 
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n 
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96  i6S 

10*428033 
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• 

32 

so 

84 
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• 

30 

29 

66 
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31 

30 

88 
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s 

30 

30 

aa 
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t 
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10*455675 
10*455506 

9*572738 
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10*018411 

9*97'588 

3V 

8 
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9*572930 
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58 

30 

31 

4 
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MS 

29 

j« 

6 
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3     17 

10*455168 

9*5733i5 
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10*426685 

10-028483 
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9*971517 

34 

30 
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8 

9-545000 
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39 

28 
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10*454831 
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80 
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1* 
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9*971446 

48 

27 

30 

14 
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10*425916 

10*028578 
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9971422 

48 

30 

34 

16 

9-545674 
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9*971398 
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26 
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30 
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10*028649 

10  8 
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9*971351 
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38 

25 
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94 
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9*575044 
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30 

24 

at 

98 

9-546515 
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■0453485 
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10-028720 
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9*971280 

34 

at 

37 

18 

9*546683 

14    78 

10-453317 

9*5754*7 

14     89 

10-424573 

10*028744 

14  II 

9-971256 

39 

23 

30 

30 

9-546851 

15    84 

10453 149 

9575619 

16    96 

10-424381 

10*028768 

15  12 

9-971232 

30 

at 
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at 

9*547019 
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10-452981 
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.6  102 
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10-028792 
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9*971208 

98 

23 

at 

34 
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10*45281} 
10*452640 
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10*028815 
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9*97ii85 

90 

at 

30 

au 

9*547354 
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9-576193 
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10*028839 
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9*971161 

94 

21 

at 

at 

9*5475" 
9*547689 
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9*576576 
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10*423615 

10*028863 
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9*971137 

99 

at 

40 

at 
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10*452311 
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10*018887 
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21  17 
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98 

:s 

20 

30 

9*547857 

10*451143 
10*451976 

9*576767 

10*423233 

10*028911 

9*971089 

41 

44 

9*548024 

39  123 

9576959 

22  141 

10*423041 

10*028934 

2217 

9*971066 

to 

10 

at 

40 

9*548191 

33  129 

10*451809 

9*577i5o 

23147 

10*422850 

10*028958 

23  18 

9*971042 

14 

au 

41 

48 

9*548359 

«*134 

10*451641 

9*577341 

94153 

10*422659 

10*028982 

24  19 

9*971018 

19 

18 

at 

at 

9*548526 

35  140 

io-45>474 

9*57753* 

96  160 

10*421468 

10*029006 

25  20 

9*970994 

18 
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43 

at 

9*548693 
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10*45 1 307 

9*5777*3 

96  166 

10-411277 

10*029030 

2621 

9*970970 

8 

17 

at 

54 

9*548860 

97  151 

10*451140 
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10*422086 

10*029054 

2721 

9*970946 

8 

30 

44 

58 

9- 549027 

98156 
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9578104 

98  179 

10*421896 

10*029078 
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9*970922 

4 

16 

at 

58 

9*549*93 
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10*450807 

9*578*95 
9*578486 
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10*411705 

10*029102 

2923 

9970898 
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an 

46 

at 

8 
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10*450640 

30  192 

10*411514 

10*029126 

30  24 

9970874 

3f 

88 

16 
30 

9*5495*7 
9*549693 

l      6 

10*450473 

9*578676 

1      6 

10*411324 

10*029150 
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9-970850 

46 

4 
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10*450307 

9*578867 

•    13 

10411133 

10*029173 
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9*97o827 

38 

14 

at 

8 
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3     17 

10*450140 

9*579°57 

3     19 

10*420943 

10*019197 
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9-970803 

34 

39 

47 

8 

9-550026 
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,0*449974 
10*449807 

9*579*48 
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10*410752 

10*019221 
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9-970779 

39 

13 
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It 
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5    28 

9*579438 
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10*029245 
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9*970755 

58 

30 

48 

It 

9*550359 
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10*449641 
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10*410371 
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48 

12 

at 

14 
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30 

49 

18 
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6    44 
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44 

11 

at 

18 
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49 

at 
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10*029365 
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9*970635 

40 
38 

10 

at 
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10*448810 

9*580579 

10*419421 

10*029389 

9*970611 

61 

S4 

9*551356 

12    66 

10-448644 

9*580769 

12    76 

10*419231 

10*029414 
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9*970586 

38 

9 

at 

98 

9*5515x1 

13    72 

10*448479 

9*580959 

13     82 

10-419041 

10-029438 

13  10 

9*970562 

34 

30 

62 

98 

9-551687 

14    77 

10-448313 

9*58ii49 

14    88 

10*418851 

10*029462 

14  II 

9*970538 

39 

8 

at 

at 

9*55«*53 

16    83 

10*448147 

9*581339 

15    95 

10*418661 

10*029486 

15  12 

9970514 

30 

30 

63 

39 

9*552018 

16    88 

10*447982 

9581528 

16  101 

10*418472 

10*029510 

1613 

9*970490 

98 

7 

at 

34 

9*552184 

17    94 

10*447816 

9581718 

17  107 

10*418282 

10-029534 

17  14 

9-970466 

98 

30 

64 

38 

9*55*349 

18    99 

10*447651 
10-447485 

9581907 

10  114 

10*418093 

10*029558 

18  14 

997044* 

84 

6 

at 

38 

9*55*5-5 
9*5*2680 

19  105 

9582097 

19  120 

10*417903 

10*029581 
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9*9704i8 

99 

30 

66 

at 

48 
49 

90  1  to 

91  116 

io-4473*o 

9*582286 
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21  133 

10*417714 
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9*970394 

98 
18 

6 

30 

9*55*845 

io-447i55 

9-581476 
9-582665 

10-417524 

10*019630 

9970370 

46 

44 

9*553010 
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10446990 

22  139 

10*417335 

10*029655 

22l8 

9970345 

10 

4 

at 

48 

9*553I76 

93  127 

10*446824 

958*854 

23  145 

10*417146 

10*029679 

23  18 

9*970321 

14 

•30 

67 

48 

9*55334* 

94  132 

10*446659 

9*583044 

24  152 

10*416956 

,0*019703 

24  19 

9*970297 

19 

3 

at 

58 

95535o6 

95  138 

10-446494 

9'583*33 
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10*416767 

10*019717 

25  20 

9*970*73 

10 

30 

68 

39 

9-553670 

96  143 

10-44633© 
10*446165 

9*583421 
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10*416578 

10*029751 

2621 

9970249 

8 

2 

at 

54 

9  553835 

97  149 

958361 1 
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10*416389 

10*029776 

2711 

9*970124 

8 

30 

59 

08 
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10*446000 

9583800 
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10*416200 

10*019800 
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9*970200 

4 

1 

at 

38 
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9*583989 
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30 
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M 
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9'5734»9 

29  152 

10*426581 

9*606228  (29  177 

,0-393772 

10*032809 

2925 

9*967191 

2 

80 

no 

aa 

9*573575 

30  157 

10-426425 

9*606410  pO  183 

10*393590 

10*032834 

3O25 

9*967166 

0 

0 
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m. 
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Cosec. 
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r  a 


at 
60 

3t 

58 

a* 

67 

at 
58 

at 
65 

3i 
64 

3t 

sa 

3t 
62 

at 
61 


0 

at 
I 

at 
S 

as 

3 

at 
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at 
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at 
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at 

7 

at 

A 

at 
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at 
10 

at 
11 

at 
IS 

at 
IS 

at 
14 

at 
16 


9*573575 
9*57373* 
9*573*11 

9*574^44 
9-574200 

9*57435* 
957451* 
9-574**! 
9*574**4 
9*5749*° 
9575'   ' 


36 10 


9*575*9' 
9*575447 
9-57560*13 

9*37575* 

95759*3 

9-576069 

9-57611417 

9576379 

9*576534 >* 

9-576689- 


16 

at 
17 

30 

18 

at 
10 

at 
90 


SI 

at 
SS 

at 

28 

at 

24 

Jt 

26 

at 
96 

at 
*7 

at 

S8 

at 

SO 

at 
80 
/  // 


9-57684421 
9-576799)99 

9*577 1 

9'5773°9|?4 

9*57746495 

9*5776i8|98 

9*577773 

9*5779*7 

9-578081199 

9*57**36 


9*57*39' 
9*57*545 
9*57*699 
9*57**53 
9-57900* 

9*579'6* 
9*5793»6 
9*579470 
9-579613 

9*579777 


5 

10 
16 
if 
16 

]. 

4' 
47 
5* 

>•  57 
19  61 

67 

M  73 

15  78 

16  83 
88 

18  93 

90  104 
109 
"4 
"9 
'*4 
130 

«35 
97  140 

'45 
150 

fr*'ii 


10*416415 
10-416168 
10*416111 
10-415956 
10*415800 
10*415644 

10*415488 
10*415331 
13*4*5176 
10*415010 
10*414864 


9*57993' 
9*580085 
9*580138 
9580391 
9*580545 
9*  580699 
9-580851 
9*581005 
9581 1 58 
9'S*'3 


9*5*'46j 

9*581618 

9581771 

9-581914S4 

9*581076 

9*581121 

9-581381 

9*5**535 
9*58i6r 


10  51 

11  56 
19  61 
IS  66 

14  7' 

15  77 

16  81 

17  87 

18  91 

19  97 
101 

91  107 
99  ill 
93  118 


1190 


'*3 
25  118 

9|?'33 
97  138 
S814I 

-    -.:  ""4» 

SO  9*58184080  153 


8790  1 


9*606410 
9*606591 

9606773 
9*606955 
9-607137 
9607318 

9*607500 
9*607681 
9*607863 
9*608044 
9-608115 


10*414709 

'0*4*455* 
10*424398 
10*414141 
10*414087 
10*413931 
10*413776 
10*413621 
10*413466 
10*413311 


9-608407 
9*608588 
9*608769 
9*608950 
9*609131 

9*609311 

9*609493 
9*609674 

9609*55 
9*610036 


10413156 
10*413001 
10*411846 
10*411691 
10*411536 

10-411381 
10*411117 
10*42107* 
10*411918 
10*411764 


10-411609 
10*411455 
10*411301 
10*411147 
10*420991 

10*410838 
10*410684 
10*410530 

10*410377 
10*410113 


9*610117 
9610397 
9*610578 
9*610759 
9*610939 
9*611110 
9-611300 
9-6 1 1480 
9*611661 
9*611841 


6 
11 
18 
*4 

3o 

36 
4* 
4* 
54 
60 

66 
7* 
7* 
84 
90 
96 

17  103 

18  109 

19  115 

90  121 

91  127 

93139 

l*'45 

'5' 

l*'57 

169 
181 


9 

8 

4 

6 

6 

7 

8 

9 

10 

U 

19 

13 

14 

15 

16 


10*393590 
10*393409 
10393117 
10*393045 
10*391863 
10*391681 
10*391500 
10391319 
10-391137 
10391956 
10-391775 


10*031814 
10*031860 
10*031885 
10*031911 
IOO31936 
10*031961 
10*031987 
10*033013 
10*0330*9 
10*033064 
10-033090 


10391593 
10*391411 
10*391131 
10*391050 
10*390869 

10*390688 
10-390507 
10*390316 
10*390145 
10*389964 


10*033116 
10*033141 
10*033167 
10-033191 
10*033118 
10033144 
10*033170 
10033295 
10*033311 
'Q-Q33347 


10*389783 
10*389603 
10-389411 
10*3891^1 
10*389061 
10*388880 
10*388700 
10*388510 
10*188339 
10*388159 


10-033371 
10*033398 

10-0334*4 
10033450 
10-033475 

10*033501 
10*033517 
10033553 
10-033579 
10*033603 


r 

9 
a 
4 

6 

n 

8  7 

9  8 

10  9 

11  9 
19  10 

13  11 

14  II 

1513 
16  14 
1714 

18  15 

19  16 
9017 

91  18 
99  19 
93  20 
9421 
95ii 
96n 
9713 

28*4 
99l< 
30 16 


9*967166 
9967140 
9967115 
9*967089 
9967064 
9*967038 
9*967013 
9-966987 
9-966961 
9966936 
9*966910 


*a 


9-966884 
9966859 
9-966833 
9*966808 
9-966781 
9*966756 
•966730 
•966705 
9*966679 
9966653 


9*611011 
9-611201 
9*611381 
9*611561 
9*611741 
9-612921 
9*613101 
9*613181 
9*613461 

9-61*1641 


10*410069 
10*419915 
10*419761 
10*419608 
'o*4'9455 
10*419301 
10*419148 
10*418095 
10*418841 
10*418688 


9  613820 
9*614000 
9*614180 
9*614359 
9*6'4539 
9*614718 
9*614897 
9*615077 
9*615156 
9*6' 543 5 


10-418515 
10*418382 
10*418229 
10*418070 
10*417914 

10*41777' 
10-417618 
10-417465 

«o*4!73«3 

10*417160 


9*615614 
9615793 
9615971 
9*616151 
9*616330 

9*616509 
9*616688 
9  616867 
9*617046 
9*617114 
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It 
13 

«4 
So 

3« 
4* 
4* 

£ 

66 

7* 
7* 

*4 
90 

96 
101 
108 

"4 

110 

91  126 
99  132 
93  138 
'44 
'49 
96i55 

97  161 

98  167 
99173 
30  179 


10*387979 

*o-3*7799 
10*387619 
10*387439 
10*387159 

10*387079 
10*386899 
10*386719 
10386539 
10*386359 


10*033630 
10*0336(6 
10*033682 
10*033708 
10*033734 
10*033760 
10*033786 
10-033811 
10-033838 
10033864 


9*966619 

9*966601 

9*966576 

1*966550 

1-966515 

•966499 
9*966473 

9-966447 
9-966411 

9*966395 


9966370 
9966344 
9*966318 
9*966191 
9*966166 
9*966140 
9*966114 
9*966188 
9*966161 
966136 


10*386180 
10*386000 
10*385810 
10*385641 
10*385461 
10*385181 
10*385103 
10*384923 
10*384744 
10*384565 


10*033890 
10-033915 
1003394J 
10*033967 
10*033993 
10*034019 
10*034045 
10*034071 
10*034098 
10*034114 


Cosine 


Part* 
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10*384386 
10*384107 
10*384018 
10-383849 
10-383670 
10-383491 
10-383311 
10383133 
10*3*2054 
10*382776 

Tangent 


10*034150 
10*034176 
10*034101 
10*034118 
10*034154 

10034180 
10*034306 
10*034 -.31 
10*034358 
10*034385 


11  10 
19  10 
13li 
Uli 

1513 

16  14 

I7i5 
18  16 

1917 

90  17 

91  18 
9919 

93 10 
94ii 
95  22 

9613 
2713 
9824 
991 J 

SO  16 


9*966110 
966085 

.  966059 

9*966033 

9*966007 

965981 

r965955 
9965929 
9*965002 
9965*76 


9*965850 
9965814 
996579* 
9*96577* 
9*965746 
9*965710 
9965694 
9*965668 
9*965641 
9*9656»5 
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10 

14 

is 

!• 

8 
6 
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at 
49 

at 
48 

at 

47 

at 
48 

33 
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49 

41 


SO 

31 

SS 

at 

87 
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SS 
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36 
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34 

ao 
SS 

39 
SS 
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31 

Jt 
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t 

9-582X40 

10*417160 

9*617224 

10-382776 

10  034385 

9965615 

SO 

30 

at 

i 

9*582992 

l*    5 

10*417008 

9617403 

r  6 

10*382597 

10*034411 

1"  1 

9*965589 

56 

an 

31 

4 

9*583145 

2    10 

10416855 

9*617582 

2    12 

10*382418 

10*034437 

2    2 

9*965563 

56 

29 

m 

6 

9*583297 

3     15 

10*416703 

9*617760 

3     18 

10-382140 

10034463 

8   3 

9  965537 

54 

30 

3* 

8 

9*583449 

4    10 

10*416551 

9*617939 

4    24 

10*381061 

10*034489 

*  4 

9965511 

51 

28 

16 

10 

9*583601 

6    15 

10*416399 

9*618117 

6    30 

10*381883 

10*034516 

*  4 

9965484 

50 

ar 

33 

11 

9*583754 

6    30 

10*416246 

9'6i8ty5 

6    36 

10*381705 

10-034542 

u 

9965458 

46 

87 

M 

14 

9*583906 

7    35 

10*416094 

9*618x74 

7    4* 

10*381516 

10*034568 

9*965432 

46 

30 

34 

16 

9*584058 

8    40 

10*415941 

9-618652 

8    47 

10*381348 

,0*034594 

*  7 

9965406 

44 

30 

at 

16 

9*584210 

9    45 

10*415790 

9*618830 

8    53 

10*381170 

10*034621 

9  8 

9965379 

41 

30 

35 

30 

ft 
ft 

9*584361 

10  50 

11  56 

10*415639 

9*619008 

10  59 

11  65 

10-380992 

10*034647 

10  9 

11  10 

9'965353 

40 

36 

26 

at 

9*5*45 -3 

10*415487 

9*619186 

10*380814 

10-034673 

9*965327 

3a 

64 

9*584665 

18    61 

10*415335 

9*619364 

12    71 

10*380636 

10*034699 

12  11 

9965301 

36 

24 

at 

id 

9*584817 

13    66 

10*415183 

9619543 

13     77 

10*380457 

10*034726 

13  2  1 

9965274 

34 

at 

17 

16 

9*584968 

14    71 

10*415032 

9*619720 

14     83 

10*380280 

•0-34752 

14  12 

^965248 

31 

23 

at 

at 

9*585110 

15    76 

10*414880 

9*619898 

16    90 

10-380102 

10*034778 

15  13 

9*965222 

30 

at 

38 

ai 

9*585271 

16    81 

10*414728 

9*610076 

16    95 

,0*379924 

10*034805 

16  14 

9965195 

16 

22 

at 

34 

9*585413 

17    86 

10*414577 

9*610154 

17  101 

10*379746 

10*034831 

17  15 

9*965169 

16 

30 

39 

36 

9*585574 

18    91 

10*414426 

9*620132 
9-620610 

18  107 

10379568 

10-034857 

18  16 

9965143 

14 

21 

at 

36 

9585716 

19    96 

10*414174 

19  113 

,0*379390 

10*034884 

1917 

9*965116 

11 

30 

40 

at 

46 

41 

9'585877 

20  101 

21  106 

10*414123 

9-620787 

90  119 
21  125 

10*379113 

10*034910 

20  18 

21  18 

9*965090 

10 
18 

20 

30 

9*586028 

10*413972 

9  620965 

10*379035 

10*034936 

9965064 

41 

44 

9*586179 

22  in 

10*413821 

9*621142 

23  130 

10378858 

10*034963 

2219 

9*965037 

16 

10 

at 

46 

9*586331 

23  116 

10*413669 

9*621320 

23  136 

10*378680 

10034989 

23  20 

9*965011 

14 

30 

12 

46 

9*586482 
9*586633 

24  ill 

10*413518 

9*621497 

84  142 

10*378503 

10*035016 

2421 

9964984 

11 

18 

30 

50 

25  116 

10*413367 

9*621675 

88148 

10*378325 

10*035.-42 

25  22 

9*964958 

16 

30 

43 

61 

9*586783 

26  131 

10*413217 

9*621851 

86  154 

10-378148 

10*03  5or*9 

8623 

9964931 

8 

17 

30 

54 

9*586934 

27  136 

10*413066 

9*622029 

87  160 

10*377971 

10*035095 

2724 

9*964905 

6 

30 

44 

56 

9*587085 

28  141 

10*412915 

9*622207 

98  166 

,0-377793 
10*377616 

10*035121 

2825 

9*964879 

4 

10 

30 

56 

9*587136 

29  146 

10-412764 

9*622384 

88  172 

10*035148 

29  26 

9*964852 

1 

at 

45 

so 

81 

1 

9*587386 

30  151 

10*412614 

9*622561 

II8178 

«©'377439 

10*035174 

30  26 

9' 964826 

56 

15 

at 

9*587537 

1      5 

10-412463 

9*622738 

1      6 

10*377262 

10*035201 

1    I 

9*964799 

44 

4 

9*587688 

2     10 

10*412312 

9*622915 

8    12 

10*377085 

10*035227 

3   2 

9*964773 

56 

14 

at 

6 

9*587838 

3     15 

10*412162 

9*623092 

3    18 

10*376908 

10*035254 

8   3 

9964746 

54 

at 

47 

6 

9*587989 

4    10 

10*412011 

9*623269 

4    24 

10*376731 

10035280 

4   4  9*9*47*0 

ft 

IS 

at 

16 

9*588139 

5    15 

10*411861 

9*623446 

6    29 

10-376554 

10-035307 

*  4 

9*964693 

50 

at 

48 

11 

9*588189 

6    30 

10*411711 

9*623623 

«    35 

,0-376377 

10*035334 

•   5 

9*964666 

4M 

12 

at 

14 

9*588439 

7    35 

10*411561 

9*623800 

7    41 

10*376200 

10*035360 

7   6 

9064640 

46 

at 

48 

16 

9*588590 

8    40 

10*411410 

9623976 

8    47 

10*376024 

10*035387 

•  7 

9*964613 

44 

11 

at 

16 

9*588740 

»   45 

10*411260 

9*624153 

»    53 

•0-375847 

10*035413 

9  8 

9*964;  87 

42 

at 

58 

at 

16 
11 

9*588890 

10  50 

11  55 

10*411110 

9624330 

10  59 

11  65 

10*375670 

•0035440 

10  9 

11  10 

996456c 

40 

36 

10 

30 

9*  589040 

10*410960 

9*62450' 

-0375494 

10-035466 

9964534 

61 

14 

9-589100 

12    60 

10-410810 

9  62468 3 

12    71 

10*375317 

,0*035493 

12n 

99645c- 

36 

1> 

at 

16 

9*589340 

13    65 

10*410660 

9624859 

13    76 

10*37514' 

10*035520 

13  12 

9*964440  34 

at 

63 

16 

9*589489 

14    70 

10*410511 

9*625036 

U    82 

*o'3749lH 

10*035546 

Ml2 

9*964454 

31 

8 

at 

at 

9*589639 

15     75 

10*410361 

9*625212 

15    88 

10-374788 

'0*035573 

15  13 

9964427 

30 

at 

53 

31 

9*589789 

16    80 

10*410211 

9*625388 

16    94 

10*374612 

10*035600 

16  14 

9*964400 

16 

7 

30 

34 

9*589938 

17    85 

10*410062 

9625565 

17  100 

"o*  374435 

10*035626 

17  15 

9964374 

16 

at 

64 

36 

9*500088 

18    90 

10*409912 

9625741 

18  106 

10*374259 

10035653 

18  16 

9964347 

**• 

6 

30 

38 

9*590137 

18    95 

10*4097*3 

9625917 

19  112 

10*374083 

10*035680 

1917 

9964320 

11 

30 

65 

10 

40 

n 

9-590387 

20  100 

21  105 

10*4096 1 3 

9*62609; 

80  118 
21  123 

10*373907 

10*035706 

20i8 
21  19 

9964294 

10 
16 

6 

30 

9*590536 
9*590686 

10409464 

9*626269 

10*373731 

10*035733 
10*035760 

9964267 

56 

44 

22  no 

10*409314 

9*626445 

22  129 

•0-373555 

22  20 

9*964240 

16 

4 

30 

46 

9*59°835 

23  115 

10*409165 

9*626621 

23135 

•0-373379 

10*035786 

23  20 

9964214 

14 

30 

67 

48 

9-590984 

84  110 

10-409016 

9*626797 

24  141 

10*373203 

10035813 

2421 

9964187 

11 

1 

at 

56 

9-591133 

26  125 

10-408867 

9*626973 

25i47 

10-373027 

10*035840 

25  22 

9*964160 

16 

at 

68 

51 

9*501181 

26  130 

10*408718 

9627149 

26153 

10*372851 

10*035867 

8623 

9964133 

6 

2 

at 

54 

9*591431 

27  135 

10-408569 

9627325 

27  159 

28  165 

10*372675 

10035894 

87  H 

9*964106 

6 

30 

6? 

56 

9591580 

28  140 

10*408420 

9*627501 
9-627676 

10372499 

10*035920 

2825 

9*964080 

4 

1 

3» 

16 

9*591719 

88  145 
p>l5o 

10*408271 

28  171 

10*371324 

10*035947 

29  26 

9*964053 

1 

30 

88 

sa 

9591878 

10*408112 

9-627852 

30  176 

10*372148 

10*035974 

30  27 

9*964026 

6 

0 
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Cotang. 

Parts 
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Sine 

m. 

/  II 
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TABU  C8 

LOO.  SINES,  COSINES,  &c 

p  32'n                                                     23° 
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m 

Sine 

Parts 

Cotec 

Tangent 

Putt 

Cotang. 

Secant 

Parts 

Cosine 

m    /  // 
M|Cd 

0 

u 

9-59'*7« 

10*408122 

9*627851 

10-372148 

10*035974 

9-964026 

Jt 

t 

9-591017 

1"    5 

10-407973 

9*628028 

r  6 

10-371972 

10*036001 

1*1 

9-963999 

M 

30 

1 

4 

959*176 

2     10 

10*407824 

9*628203 

2  12 

10*371797 

10*036028 

2    2 

9963972 

5tf 

59 

3t 

a 

9591324 

3    15 

10*407676 

9*6*8379 

3   17 

10  37 1621 

10*036054 

3    3 

9-963946 

54J     at 

2 

8 

9*59*473 

4    20 

10-407527 

9*6*8554 

*    *3 

10371446 

10*036081 

*  4 

9963919 

Z116& 

Jt 

It 

9*591621 

5    25 

10-407379 

9*618719 

5    29 

10*371271 

10x36 108 

6   4 

9*96389* 

5* 

30 

3 

11 

9-592770 

6    30 

10*407230 

9*628905 

«    35 

10-371095 

10*036135 

6    5 

9963865 

li 

67 

Jt 

14 

9*59191* 

7    35 

10*407082 

9*619080 

7    41 

10*370920 

IC05616.: 

7   6 

9963838 

40 

31 

4 

Itf 

9*  593067 

8    39 

10-406933 

9*6*9*55 

8    47 

10-370745 

10*036189      8    7 

9-96381 1 

41 

50 

30 

18 

9593115 

9    44 

10-406785 

9-619431 

9    5* 

10*370569 

10*0362161    9   8 

9963784 

41 

JO 

_6_ 

Jt 

to 

« 

9*593363 

10    49 

10*406637 

9*619606 

10  58 

11  64 

10*370394 

10*036243 

|10   9 

9963757 

46 

as 

55 

31 

9593511 

"    54 

10*406489 

9-619781 

10*370219 

10*036270 

11  10 

9-963730 

€ 

14 

9593659IH    59 

10*406341 

9*6*9956 

12    70 

10-370044 

10-036296 

12  1 1 

9963704 

J* 

54 

Jt 

•m 

9*593807 

13     64 

10*406193 

9*630131 

13    76 

10*369869 

10-036323 

13  12 

9*963677 

24 

30 

7 

*» 

9*593955 

14     69 

10*406045 

9*630306 

14     82 

10*369694 

10*036350 

14,3 

9963650 

3* 

53 

Jt 

at 

9594103 

15    74 

10*405897 

9630481 

15     87 

10*369519 

10*036377 

15  13 

9963623 

St 

30 

8 

n 

9*594251 

16    79 

10-405749 

9*630656 

10    93 

10-369344 

10*036404 

16  14 

9963596 

» 

52 

it 

u 

9*594399 

17    84 

10*405601 

9-630830 

17    99 

10*369170 

10*036431 

1715(9065569 

•m 

30 

9 

at 

9*594547 

18    89 

'0-405453 

9*631005 

18  105 

10368995 

10*036458 

18  16 

9963542 

14 

51 

St 

as 

9'594695 

19    94 

10-405305 

9*631180 

19  ill 

10-368820 

10*036485 

19  17 

9063515 

tt       3t 

10 

4t 
41 

9-59484* 

20  99 

21  104 

10*40515* 

9-63"355 

20  117 

21  122 

10*368645 

10*036512 

20  18 

21  19 

9963488 

18 

50 

30 

at 

9594990 

10*405010 

9*63-5*9 

10*368471 

10036539 

9*963461 

11 

44 

9-595-37 

22  109 

10*404863 

9*631704 

22  128 

10*368296 

10*036566 

22  20 

9*963434 

M 

49 

St 

46 

9-595185 

23  114 

10*404715 

9631878 

28  134 

10*368122 

10-036593 

2321 

9963407 

14 

30 

IS 

48 

9*59543* 

24  Il8 

10*404568 

9-632053 

24  140 

10*167947 

10*036621 

24  22 

9963379 

11 

48 

St 

M 

9-595580 

25  121 

10*404420 

9632217 

26  146 

>o*367773 

10*036648 

26  22 

9063352 

It 

30 

1.1 

41 

9*5957*7 

20  128 

10-404273 

9*631401 

28  152 

10*367598 

10*036675 

2623 

99633*5 

8 

47 

at 

64 

9*  595874 

27  133   -0-404126 

9632576 

27  157 

10*367424 

10*036702 

27  24 

9963298 

6 

30 

M 

56 

9*596021 

2S  138 

10*403979 

9632750 

28  163 

10*367250 

10*036729 

2825 

9*963*7 1 

•4 

48 

at 

58 

9*596168 

29  143 

10*403832 

9*63*9*4 

22  169 

10*367076 

10*036756 

29  26 

9963244 

1 

30 

15 
•  Jt 

ss 

1 

9*5963- S 

30  148 

10-403685 

9633099 

30175 

10*366901 

10*036783 

30  27 

9963217 

ay 

54 

45 

JO 

9- 596462 

»       5 

10403538 

9633273 

1      6 

10-366727 

10036810 

i     1 

9063190 

10 

4 

9*  596609 

2     10 

10-403391 

9*633447 

2    12 

10-366553 

10*036837 
10*036865 

2   2 

9963163 

50 

44 

at 

• 

9*596756 

S     15 

10*403244 

9*633621 

»     17 

io*  366379 

«    3 

9963135 

54 

30 

17 

S 

9596903 

4    20 

10*403097 

9-633795 

4    23 

10*366205 

10*036892 

<   4 

9  963108 

53 

43 

so 

It 

9-597050 

6    24 

10*402950 

9633969 

5    19 

10*366031 

10*036919 

«    5 

9-963081 

5» 

30 

18 

It 

9-597196 

6    29 

10-402804 

9634143 

«    35 

10*365857 

10*036946 

«   5 

9963054 

48 

42 

w 

14 

9*597343 

7    34 

10*402657 

9*634316 

7    40 

10*365684 

10036973 

7   6 

9963027 

4* 

30 

10 

It 

9-597490 

8    39 

10*402510 

9-634490 

8    46 

10*365510 

10*037001 

»  7 

9962999 

44 

41 

St 

18 

9-597636 

9    44 

10*402364 

9634664 

9    5* 

10*365336 

10-037028 

9   8 

9-962972 

41 

30 

20 
at 

ft 
tt 

9*597783 

10  49 

11  54 

10*402217 

9634838 

10  58 

11  64 

10*365162 

10*037055 

10  9 

11  10 

9962945 

40 

38 

40 

9*5979*9 

10-40207 1 

9635011 

10364989 

10*037082 

9*962918 

30 

21 

14 

9-598075 

12    58 

10*401925 

0635185 

12    69 

10*364815 

10*037110 

12  11 

9*962890 

38 

29 

SB 

n 

9*598222 

13    63 

10*401778 

**635359 

is   75 

10*364641 

10*037137 

13  12 

9*962863 

34 

30 

22 

18 

9*598368 

14    68 

10-401632 

9*6355?* 

14     81 

10*364468 

10*037164 

14  13 

9*962836 

3* 

38 

it 

Jt 

9*5985-4 

15     73 

10-401486 

9635706 

15     87 

10*364294 

10*037191 

15i4 

9*962809 

JO 

30 

23 

31 

9-598660 

•  6    78 

ic'401340 

9635879 

16    92 

10*364121 

10*037219 

16  15 

9*961781 

•a 

37 

St 

34 

9*598806 

1/     83 

10*401194 

9*636052 

17    98 

10363948 

10-037246 

17  15 

9961754 

16 

30 

24 

at 

9*598952 

18    88 

10*401048 

Q'636226 

18  104 

10*363774 

10-037273 

18  16 

9-96172** 

14 

38 

SI 

33 

9*  599098 

19    93 

10*400902 

9*636399 

19  HO 

10-363601 

10-037301 

19  17 

9*962699 

•a  I    so 

?5 

St 

40 

41 

9599*44 

20  98 

21  102 

10*400756 

9*636572 

20  116 

21  121 

10*363428 

10-037328 

20  18 
21 19 

9-962672 

10  ] 
18 

.15 

30 

9*599390 

10*400610 

9*636745 

10*363255 

10*037355 

9-962645 

20 

44 

9*599536 

22  107 

10*400464 

9*6369  *9 

22  127 

10*363081 

10*037383 

2*  20 

9-962617 

in 

34 

St 

46 

9*599681 

23  112 

10*400319 

9*63709* 

23133 

10-362908 

10*037410 

23n   996259c 

u 

38 

27 

48 

9*5998*7 

24  117 

10*400173 

9*637265 

24139 

10-362735 

10*037438 
10*037465 

24  22  19*967562 

11 

33 

at 

30 

9*599973 

25  122 

10*400027 

9*637438 

25144 

10*362562 

252319-962535 

it 

30 

28 

51 

9*600118 

26  127 

10*399882 

9*637611 

26  150 

10*362389 

10*03749* 

4624  9*962508 

8 

32 

30 

54 

9*600264 

27  131 

10399736 

9637783 

27  156 

10-362217 

10*037520 

27  25 

9-962480 

C 

ja 

29 

56 

9*600409 

28  136 

10-399591 

9*637956 

28  162 

10*361044 

10-037547 

2825 

9962453 

4 

31 

30 

58 

9*600554 

29  141 

10-399446 

9*638129 

29  168 

10*361871 

10-037575 

29  26 

9-962425 

1 

30 

30 

a* 

9*600700 

30  146 
Part* 

10-399300 

9-638302 

30  173 

•0-361698 

10*037602 

30  27 

9*96*398 

0 

m. 

30 
/  // 

/  // 

m. 

Cosine 

Secant 

Cotang. 

Parts 

Tangent 

Coscc. 

Parts 

Sine 
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TABLE 

08 
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LOG.  SINES,  COSINES,  &c. 

]h  34m                                                              23° 

9  H 

m. 

Sine 

Parts 

Cooec. 

Tangent 

Parte 

Cotang. 

Secant 

Parte 

Cosine 

m. 

t  " 

30 

0 

9  6co7cc 

10*399300 

9-638302 

10*361698 

10*037602 

9*962398 

26 

30 

80 

1 

9*600845 

1"    5 

10399155 

9*638475 

1"    6 

10*361525 

10*037630 

i"i 

9962370 

58 

30 

:n 

4 

9-600990 

2     IO 

10*399010 

9*638647 

2    it 

10*361353 

10  037657 

2  2 

9*962343 

50 

-9 

30 

e 

9*601135 

5     14 

10*398865 

9*638820 

3    17 

10*361180 

10*037685 

*   3 

9962315 

54 

30 

3* 

8 

9-601280 

4     10 

10*398720 

963899a 

*    *3 

10*361008 

10037712 

«  4 

9*962288 

52 

28 

30 

10 

9*601425)  6    24 

10*398575 

9639165 

6    29 

10*360835 

10-037740 

*   5 

9*962260 

50 

30 

33 

It 

9*601570 

8    29 

10*398430 

9639337 

6    34 

10*360663 

10-037767 

6  6 

9962233 

48 

27 

30 

14 

9*601715 

7    34 

10*398285 

963951a 

7    40 

10-360490 

10*037795 

7   6 

9*962205 

40 

30 

34 

10 

9*601860 

8    38 

10*398140 

9*639682 

8    46 

10*360318 

10*037822 

8   7 

9*962178 

44 

20 

30 

18 

9*602005 

9    43 

10*397995 

9639855 

9    5* 

10*360145 

10*037850 

9   8 

9*962150 

4*2 

30 

35 

30 

SO 
ft 

9*602150 

10    48 
»    53 

10*^78^0 

9*640027 

10  57 

11  63 

10-359973 

10*037877 
io*o37vo5 

10  9 

11  IO 

9*962123 

40 
38 

25 

30 

9*602294 

10*397706 

9-640199 

10*359801 

9*962095 

30 

24 

9*602439 

11    58 

10*397561 

9640371 

12    69 

10359629 

10*037133 

12ii 

9*962067 

30 

24 

30 

to 

9*602583 

13    62 

10*397417 

9*640544 

13    74 

10*359456 

io*037')6o 

13  12 

9*962040 

34 

30 

37 

18 

9*602728 

14    67 

10*397272 

9*640716 

14     80 

10*359284 

,0*037988 

14  13 

9*962012 

3*2 

23 

30 

30 

9*602872 

15    72 

10*397128 

9*640888 

15    86 

10-359112 

10*038015 

1514 

9*961985 

30 

30 

38 

3t 

9*603017 

16    77 

10*396983   1*641060 

16    92 

10358940 

10*038043 

16  15 
17i6 

9*961957 

t8 

22 

JO 

34 

9*603161 

17    82 

10-396839 

9*641231 

17    97 

10*358768 

10*038071 

9961929 

to 

30 

3t 

30 

9*603305 

18    87 

10*396695 

9641404 

18  103 

10358596 

10-038098 

18  17 

9*961902 

24 

21 

30 

38 

9-603449 

19    92 

10*396551 

9*64*575 

19  109 

10*358425 

10*038126 

19  17 

9961874 

» 

30 

40 

30 

40 
4t 

9*603594 

20  96 

21  101 

10*396406 

9641747 
9641919 

20  115 

21  120 

10*358253 

10*038154 

20  18 

21  19 

9*961846 

to 

18 

20 

30 

9603738 

10-396262 

10*358081 

10*038181 

9*961819 

41 

44 

9*603882 

22  106 

10*396118 

9-642091 

22  126 

10357909 

10*038209 

22  20 

9961791 

10 

19 

SO 

40 

9*604026 

23  in 

'°*395974 

9*642263 

23  132 

10*357737 
10357566 

10*038237 

2321 

9-961763 

14 

30 

42 

48 

9604170 

24  115 

10*395830 

9642434 

24  138 

10*038265 

24  22 

9961735 

It 

18 

30 

30 

9*604313 

25  120 

10*395687 

9*642606 

25,43 

«o*357394 

10*038292 

25  23 

9-91)1708 

10 

30 

43 

5* 

9*604457 

26  125 

'°*395543 

9*642777 

•*  -+* 

-0357223 

10*038320 

2624 

9*961680 

8 

17 

30 

34 

9*604601 

27  13c 

10*395399 

9642949 

*2^5 

10*357051 

10*038348 

2725 

9*961652 

0 

30 

44 

30 

9*604745 

28  134 

10395255 

9-64>'" 

18  t6o 

10*356880 

10*038376 

28  26 

9*961624 

4 

16 

30 

58 

9*604888 

29  139 

10-39511:. 

9*643292  *9  166 

10*356708 

10*038403 

29  27 

9*961597 

t 

30 

4ft 

30 

38 

2 

9*605032 

80  144 

10*394968 

9*643463130  17a 

10*356537 
10*356366 

10*038431 

30  28 

9*961569 

as 

16 

9-605176 

1       5 

10*394824 

9*6^.3634 

1      6 

10*038459 

1     1 

9961541 

58 

30 

48 

4 

9*605319 

2     10 

10*394681 

9-643806 

3    11 

10*356194 

10*038487 

2    2 

9961513 

50 

14 

30 

0 

9-605462 

3     14 

10-394538 

9-643977 

»    17 

10356023 

10-038515 

3    3 

9*961485 

54 

30 

47 

8 

9*605606 

4     19 

10-394394 

9644148     4    23 

10-355852 

10*038542 

*   4 

9*961458 

5t 

13 

30 

10 

9*605749 

5    24 

1039425- 

9-644319 

6    28 

10-355681 

10-038570 

6    5 

9961430 

50 

30 

4ft 

It 

9*605892 

6    29 

10-394108 

9-644490 

6    34 

10*355510 

10-038598 

6   6 

9*961402 

48 

12 

30 

14 

9*606035 

7    33 

10-393965 

9*644661 

7    40 

10-355339 

10*038626 

7    7 

9*961374 

40 

30 

49 

10 

9*606179 

8    38 

10*393821 

9*644832 

8    46 

10-355168 

10*038654 

8   7 

9*961346 

44 

11 

30 

18 

9*606322 

9    43 

10-393678 

9645003 

9    51 

10*354997 

10*038682 

9   8 

9*961318 

42 

30 

64) 
30 

to 

tt 

9*606465 

10  48 

11  52 

10-393535 

9*645174 

10  57 

11  63 

10*354826 

10*038710 

10  9 

11  10 

9*961290 

10 

38 

30 

9*  606608 

10-393392 

9*645345 

10*354655 

10-038737 

9-961263 

M 

14 

9*606751 

12    57 

10*393249 

9*645516 

12    68 

10*354484 

10*038765 

12  11 

9*961235 

J0 

9 

30 

to 

9*606893 

13    62 

10*393107 

9*645687 

13    74 

10354313 

10-038793 

13  12 

9*961207 

34 

3» 

52 

18 

9-607036 

14    67 

10*392964 

9*645857 

14    80 

10*354143 

10*038821 

14  13 

9*961179 

32 

8 

30 

30 

9*607179 

15    71 

10*392821 

9-646028 

15    85 

10*353972 

10*038849 

15  14 

9*961151 

30 

30 

5.1 

32 

9*607322 

16    76 

10*392678 

9*646199 

16    91 

10-353801 

10*038877 

16  15 

9*961123 

'28 

7 

JO 

34 

9*607464 

17    81 

10-392536 

9-646369 

17    97 

10*353631 

10*038905 

17  16 

9-961095 

•28 

311 

54 

30 

9*607607 

18    86 

10*392393 

9*646540 

18  102 

10*353460 

10-038933 

18  17 

9*961067 

24 

6 

30 

38 

9*607749 

19    90 

10*392251 

9*046710 

19  108 

10-353290 

10*038961 

19  18 

9961039 

» 

30 

55      40 

9*607892 

20  95 

21  100 

10*392108 
10*391966 

9*646881 

20  114 

21  119 

10353119 

10*038989 

20  19 

21  20 

9*961011 

to 

18 

30 

30 

4*2 

9*608034 

9*64705 1 

10*352949 

10*039017 

9*960983 

50 

41 

9*608177 

22  105 

10*391813 

9-647222 

22  125 

10*352778 

10039045 

22  20 

9*960955 

10 

4 

30 

4« 

9*608319 

23  no 

10*391681 

9*647392 

23  131 

10-352608 

10-039073 

2321 

9960927 

14 

341 

*7 

48 

9*608461 

24  114 

10*391539 

9*647562 

24,37 

10352438 
10*352267 

10*039101 

24  22 
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4 

10*346567 

9*702623 

•       5 

10*297377 

10*049191 

1    1 

9950809 

46 

4 

9-653558 
9-653683 

2 

8 

10*346441 

9-702781 

2     10 

10*297219 

10*049111 

2   2 

9-950778 

fid 

14 

so 

6 

3 

11 

10*346317 

9-701938 

3     16 

10*197062 

10049154 

»   3 

9-950746 

54 

so 

47 

8 

9*653808 

4 

17 

10*346192 

9-703095 

4    11 

10*296905 

10*049186 

♦  4 

9-950714 

SS 

13 

so 

10 

9*653934 

5 

11 

10*346066 

9703151 

5    16 

10*296748 

10*049318 

*   5 

9*950681 

50 

so 

48 

IS 

9-654059 
9654184 

6 

*5 

10*345941 

9-703409 

6    31 

10-296591 

10049350 

6   6 

9950650 

48 

12 

SO 

14 

7 

19 

10-345816 

9*703566 

7    37 

10-296434 

10*049381 

7   7 

9*950618 

48 

so 

49 

10 

9654309 

8 

33 

10-345691 

9-703711 

8    4* 

10*296278 

10-049414 

8   9 

9950586 

44 

11 

so 

18 

9*654434 

9 

37 

10*345566 

9-703879 

9    47 

10*296121 

10-049446 

9  10 

9950554 

4S 

so 

10 

so 

SO 
SS 

9-654558 

10 
11 

4» 
46 

io*34544* 

9-704036 

10    51 
»    57 

10*295964 

10049478 

10  11 

11  11 

9*950511 

40 
38 

10 

9654683 

10-345317 

9-704193 

10295807 

10*049510 

9950490 

so 

61 

S4 

9-654808 

12 

5° 

10*345192 

9*70435° 

12    63 

10  295650 

10*049541 

1213 

9*950458 

38 

0 

so 

SO 

9'654933 

13 

54 

10-345067 

9  704506 

13    68 

10295494 

10-049574 

13  14 

9*950416 

34 

so 

6S 

S8 

9655058 

14 

t 

,0-344942 

9-704663 

14    73 

10*295337 

10*049606 

14,5 

9950394 

SS 

8 

so 

SO 

9-655182 

16 

10*344818 

9*704810 

15    78 

10*195189 

10*049638 

15  16 

9950362 

SO 

so 

A3 

SS 

9655307 

16 

67 

10*344693 

9*704976 

16    84 

10*295014 

10*049670 

16  17 

9950330 

SB 

7 

90 

S4 

9*65543 1 

17 

7" 

10*344569 

9*705133 

17    89 

10*194867 

10*049701 

17  18 

9950298 

SB 

so 

54 

30 

9655556 

18 

75 

10-344444 

9*705190 

18    94 

10*194710 

10049734 

18  19 

9*950166 

S4 

6 

so 

38 

9-655680 

19 

79 

,0*344320 

9-705446 

19    99 

10-194554 

10*049766 

1920 

9950134 

SS 

30 

56 

so 

40 
4S 

9655805 

20 
21 

«3 
«7 

10344195 

9*705603 

20  104 

21  no 

10*194397 

,0*049798 

2021 
21  22 

9*950101 

SO 
18 

6 

SO 

9  6559*9 
9-656054 

10-344071 

9*705759 

10*194141 

10*049830 
10*049861 

9*95oi7o 

56 

44 

22 

91 

10-34394* 

9*705916 

22  115 

10194084 

2223 

9*95oi38 

16 

4 

to 

48 

9*656178 

23 

95 

10*343822 

9*706071 

23  120 

10*193918 

10049894 

2325 

9*950106 

14 

SO 

57 

48 

9*656301 

24 

100 

10*343698 

9*706118 

24  125 

10-19377* 

10*049926 

24  26 

9*950074 

IS 

8 

so 

SO 

9*656416 

26 

104 

10*343574 

9-706385 

25  130 

10*193615 

10*049958 

25  27 

9*950041 

10 

so 

58 

3*2 

9656551 

26  108 

10*343449 

9*706541 

26  136 

10193459 

10*049990 

26i8 

9*950010 

8 

2 

so 

54 

9656675 

27 

111 

'o-  3433a 5 

9*706697 

27  141 

10*193303 

10*050013 

2719 

9*949977 

6 

so 

60 

SO 

9656799 

28 

116 

10*343201 

9*706854 

28  146 

10*193146 

10*050055 

2830 

9*949945 

4 

1 

SO 

98 

9656913 

29 

110 

10-343077 

9*707010 

29  151 

10*191990 

10*050087 

2931 

9949913 

S 

so 

60 

M  9*657047 

30  115 

10-34*953 

9*707166 

30  157 

10*191834 

10*050119 

3O32 

9*94988 1 

0 

A 

t  ft 

m.|  Cosine 

Parts 

Secant 

Cotang.  j  Parts 

Tangent       Cosec. 

Parts 

Sine 

tn. 

t  It 

63°                                                  4h  12m 

m 


TABLE  68 


LOG.  SINES,  COSINES.  &c 


l*  48- 


27° 


f  n 


0 

10 

I 

30 
3 

so 

90 

4 

30 

JO 

6 

10 

7 

30 

8 

30 

0 

30 

10 

30 

II 

30 

19 

30 

IS 

30 

U 

30 
15 

30 

16 

30 

17 

30 

18 

30 

19 

31* 
20 

30 

21 

30 

22 

30 

23 

30 

24 

30 

26_ 

30 

20 
30 

27 

30 

38 

30 
20 

30 

30 


/  // 


9uK 


9657047 
9657171 
9-657195 
9-65741* 

9**5754* 
9*657666 

9-657790 
9*657913 
9*658037 
9-658161 
658184 


9*658408 
9658531 
9*6586.;5 
9*658778 
9*6589/)! 
9*659015 
9*659148 
9*659171 
9*659394 
9'*595'7 


10    41 

"    45 
It    49 

53 


5  is 


9*65964021 
9659763 
9-659880 
66000924 


9* 
9'66oi 


31 » 


9-66015526 
9*660378  87 
9*660501  " 
9*660613  88 
9-66074680 


9*660869 
9*660991 
9*661114 
9-661136 
9661359 

9  661481 
9*661603 
9*661726 
9661848 
9*661970 
9*661092 
9*661214 
9*661337 
9662459 
9*662581 
9*662703 
9*662825 
9*662946 
9*663068 
9*6631 


21 


9*663312 

9663433 

9*663555 

9663677 

9*663798 

9*663920 

9*664041 

9*664163 

9*664184)29 

9 


1*664406  so 


a± 


Cooine 


to-341953 
10*341829 
10*341705 
10*341581 
10*342458 
10341334 
10*341110 
10*341087 

10*3419*3 
10341839 
10*341716 


•«    57 
18    62 

16  66 

17  70 

18  74 

19  78 
81 
26 
9° 
95 
99 

103 

107 

111 

188  115 

119 

lii 


10*341592 
10*341469 

«o*34"345 
10*341222 
10*341099 

>o*340975 
10*340852 
10*340719 
10*340606 
10*340483 


4 
8 

11 
16 
ac 

*4 
18 

33 

37 
41 

45 

12  49 

13  53 

1«    57 
15    61 


65 
69 

18     73 

•9    77 


OOJ20 


8 

«5 

22  89 

23  94 

24  98 
26  102 

26  106 

27  no 

28  114 
118 
122 


Porto 


Cosec. 


10*340360 
10-340137 
10*340114 
10*339991 
10-339868 

i°'339745 
10-339621 

10339499 

10339377 

»o*339*34 


10*339131 
10*339009 
10338886 
10*338764 
10*338641 
10*338519 
10338397 
10338274 
10*338152 
10*338030 


10*337908 
10*337786 
10*337663 
10*337541 
10*337419 

10*337197 

10*337175 
10*337054 
10*336932 
10*336810 


10*336688 
10*336567 
io*  336445 
10*336323 
10-336202 
10*336080 
'0*335959 
'0-335*37 
10335716 

•0-335594 


Secant 


Tangent 


9*707166 
9-707321 

9*70747* 
9-707634 
9-707790 
9-707946 
9*708101 
9*708258 
9*708414 
9-/08570 
9*708716 


9*708881 
9709037 
9709193 
9-709349 
9*709504 
9*709660 
9*709816 
9*709971 
9*710127 
9*710181 


9710438 
9710593 
9*710749 
9*710904 
9*711059 
9711215 
9*711370 
9*711515 
9*711681 
9*711836 


971199* 
9*711146 
9-711301 
9*711*56 
9*711011 
9*711766 
9-711911 
9-713076 
9-713131 
9713386 


971354* 
9*713696 
9*713850 
9*714005 
9*714160 

9*7'43>4 
9*714469 
9714624 
9*714778 
9*7'4933 


9*715087 
9*715242 
9*715396 
9,7»555- 
9*7*5705 

9*715860 
9-716014 
9*716168 
9716322 
9'7'6477 


Parts     Cotang. 


10*292834 
0-292678 
10*292522 
10*292366 
10*291110 
10*191054 

10*191898 
10*191742 
10*291586 
10-291430 
10*291274 


20  IC4 

21  109 

22  114 

23  119 

24  125 

25  130 
86135 
27  140 
88  145 

ii 


11  57 
lC  62 
IS  67 


20  103 

21  108 

22  114 

23  119 

24  124 

25  129 
26134 
27  139 
28144 
29  150 
3O155 


10*030119 
10*050151 
10-050184 
0*050216 
10-050148 
10*050280 
10*050312 
10*050345 

10*050377 
10*050409 
10*050441 


0*291118 
10*290963 
10*290807 
10*290651 
10*190496 
10*190340 
10*290184 
10*190029 
10*289873 
10*189718 


10*289562 
10*189407 
10*189251 
10*289096 
10*188941 

10*188785 
10*28*630 
10*288475 
10*188319 
10*288164 


10*188009 
•0*187854 
10*287699 

10*287544 
10*287389 

10*187234 
10*287079 
10*286914 
10*186769 
10-186614 


10*286459 
10*286304 
10*286150 
10*185995 
10*285840 
10*185686 
10*285531 
10*185376 
10*285221 
10*185067 


Co  tang. 


10*284913 

20-28475* 

4o  -284604 

10*284449 
10*284195 

10-184140 
10*183986 
10*183832 
10283678 
10-283523 


Parts  Tangent 


Secant 


10*050474 
10*050506 
10*050538 
10*050571 
10*050603 
10*050636 
10*05066$ 
10*050700 
10*050733 
10*050765 


10*050798 
10-050830 
10*050862 
10*050895 
10*050927 
10*050960 
10*050992 
10*051015 
10*051057 
10*051090 


10*051122 
10*051155 
10-051188 
10*051220 
10*051253 
10*051185 
10*051318 
10*051350 
10-051383 
10*051416 


10-05 144& 
10*051481 
10*051514 
10*051546 
10*051579 
10*051612 
10*051645 
10*051677 
10*051710 
10-051743 


10*051776 
10*051808 
10-051841 
10*051874 
10*051907 
10*051940 
1005 1972 
10-052005 
10*052038 
10*052071 


Cooec. 


Parts 


2 
3 

4 
6 
6 
7 

8  9 

9  10 
IO11 
11  12 
1213 

13  14 

14  15 
16  16 

16  17 

17  18 

18  19 

1921 

20  22 

21  23 
2224 
2325 

24  26 

25  27 

2628 
2729 
2830 
2931 
SO  31 


9*949**' 
949849 
9949816 
9*9497*4 
994975* 
9*949710 
9949688 

9*949655 
9*949613 

9*94959- 
9*94955* 


2 

S 
4 
6 
6 
7 

8  9 

9  10 

10  1 1 

11  11 
1213 
13  14 
H15 

15  16 

16  17 
17i* 
18  19 

1921 

20  22 

21  23 
2214 

23  25 

24  26 

25  27 
2628 
2729 
2831 
2932 
SO33 


Parts 


Cosine 


9949526 
9949404 
9*949462 

9949419 
9*949397 
9949364 

9*94933** 
9949300 

9949167 
9*949*35 
9949202 
9949170 

9*H9,3* 
9949105 

9*949073 
9-949040 
9*949008 
9*94*975 
9*94*943 
994*910 


9*94**7* 
9*94**45 
9*948812 
9948780 
994*747 

9*94*7-5 
9*948682 
9*948650 
9*948617 
9*94*5*4 


9*94*55* 
9*94*5  «9 
9948486 

9*94*454 
9948421 

9*94*3** 
9948355 
9*948323 
9948290 
9*94**57 


9*94***4 
9*948191 

9*948159 
9*948126 
9948093 

9*948060 
9*948028 

9*947995 
9947962 
9*947929 


Sine 


3t» 
36 
34 


/  // 

30 

69 

33 
58 

30 

57 

30 

58 

30 

56 

30 

54 

30 

53 

30 

52 

30 
61 

30 

50 
30 

49 

M 

48 

33 

47 

30 

46 

39 
•tt- 

10 

A 

m 
43 

31 
42 

3f 

41 

3* 

40 

30 

38 

30 

36 

30 

37 

30 

36 

so 
35 

30 

34 

30 
33 

30 

32 

30 

31 

30 

30 


4*    IO- 


TABLE 

68 

703 

LOO.  SINES,  COSINES,  &c. 

lh  50** 

27° 

/  // 

». 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m.l  /  " 

s.    • 

30 

0 

9*664406 

i°*335594 

9*716477 

10*283523 

10*052071 

9*947929 

10 

30 

30 

« 

9*664527 
9*664648 

1" 

4 

'©"335473 

9716631 

l"    5 

10-283369 

10*052104 

l"i 

9*947896 

58 

30 

31 

4 

2 

8 

10*335352 

9-716785 

2     10 

10*283215 

10*052137 

2  2 

9*947863 

56 

29 

30 

0 

9*664769 

3 

12 

10*335231 

9716939 

3     15 

10*283061 

10*052170 

8   3 

9*94783o 

54 

30 

32 

8 

9*664891 

4 

16 

10*335109 

9717093 

4    20 

10*282907 

10*052203 
10*052236 

«  4 

9*947797 

52 

28 

80 

10 

9*665012 

5 

10 

10-334988 

9-717247 

6    26 

10*282753 

6    5 

9*947764 

50 

30 

33 

12 

9665133 

6 

*4 

10-334867 

9-717401 

6    31 

10*282599 

10*052269 

«   7 

9*947731 

48 

27 

so 

14 

9-665254 

7 

28 

10-334746 

9*717555 

7    36 

10*282445 

10*052302 

7   8 

9*947698 

46 

30 

34 

10 

9*665375 
9*665496 
9*665617 

8 

32 

10-334625 

9*717709 

8    41 

10*282291 

10*052335 

8  9 

9-947665 

44 

20 

30 

18 

9 

36 

10-334504 

9717863 

9    46 

10*282137 

10*052367 

9  10 

9947633 

42 

30 

35 

30 

20 
22 

10 
11 

40 
44 

10*334383 

9-718017 

10  51 

11  56 

10*281083 

10*052400 

10  11 

11  12 

9*9476co 

40 
38 

26 

30 

9*665738 

10*334262 

9-718171 

10*281829 

10*052433 

9*9475^7 

36 

24 

9*665859 

12 

4« 

10-334141 

9718325 

12    61 

10*281675 

10*052467 

1213 

9*947533 

36 

24 

30 

20 

9*665979 

13 

5* 

10*334021 

9718479 
9*718633 

13    67 

10*281521 

10*052500 

1314 

9*947500 

31 

30 

37 

28 

9*666100 

14 

£ 

10-333900 

14    72 

10*281367 

10*052533 

H15 

9*947467 

32 

23 

30 

30 

9*666221 

16 

10-333779 

9*718786 

15    77 

10*281214 

10*052566 

15  16 

9*947434 

30 

30 

38 

32 

9*666342 

10 

64 

10-333658 

9-718940 

16    82 

10*281060 

10*052599 

16  18 

9*947401 

28 

22 

30 

34 

9*666462 

17 

68 

10-333538 

9719094 

17    87 

10-280906 

10*052632 

1719 

9*9473*58 

26 

30 

39 

36 

9*666583 

18 

72 

10*333417 

9*719248 

18    92 

10*280752 

10*052665 

18  20 

9*947335 

24 

21 

80 

38 

9*666703 

19 

76 

10*333297 

9*719401 

19    97 

10*280599 

10*052698 

1921 

9*947302 

22 

30 

40 

30 

40 
42 

9*666824 

20 
21 

80 
84 

10-333176 

9719555 

20  102 

21  108 

10*280445 

10*052731 

20  22 

21  23 

9947269 

20 
18 

20 

30 

9666944 

10-333056 

9719708 

10*280292 

10*052764 

9*947236 

41 

44 

9*667065 

22 

88 

10-332935 

9*719862 

22  113 

10*280138 

10*052797 

2224 

9*947203 

10 

19 

30 

40 

9*667185 

23 

92 

10-332815 

9-720016 

23  118 

10*279984 

10*052830 

2825 

9*947i7o 

14 

30 

42 

48 

9*667305 

24 

96 

10*332695 

9*720169 

24  123 

10*279831 

10*052864 

24  26 

9-947136 

12 

18 

30 

30 

9*667426 

25 

101 

io-33*574 

9-720322 

25  128 

10*279678 

10*052897 

8628 

9*947io3 

10 

80 

43 

32 

9*667546 

28 

105 

10-332454 

9-720476 

26  13J 
•7  I3» 

10*279524 

10*052930 

2629 

9*947070 

8 

17 

30 

54 

9*667666 

27 

109 

10-332334 

9720629 

10-279371 

10*052963 

27  30 

9-947037 

6 

30 

44 

56 

9*667786 

28 

113 

10*332214 

9*720783 

20  143 

19*279217 

10*052996 

8831 

9*947004 

4 

10 

30 

58 

9*667906 

29 

117 

10*332094 

9720936 
9721089 

to  148 

10*270064 

10*053030 

20  32 

9*946970 

2 

♦  30 

45 
30 

•1 

2 

9*668027 

30 

121 

10-331973 

•0IJ4 

"0-278011 

10*053063 

3033 

9*946937 

9 
58 

16 

30 

9*668147 

1 

4 

10-331853 

9*711243 

I      5 

10*178757 

10*053096 

1    1 

9*946904 

40 

4 

9*668267 

2 

8 

10-331733 

9*711396 

2    IO 

10*178604 

10*053119 

2   2 

9*946871 

56 

14 

30 

6 

9*668386 

8 

12 

10*331614 
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Parts 

Cotang. 

Secant 

Parts 

Cosine 

/// 

30 

30 

0 

9-741889 

10*258111 

9*820783 

10*179217 

10*078*93 

9*921107 

ft« 

at 

1 

9-741985 

n 

10*258015 

9*820920 

1' 

'    5 

10-179080 

10*078935 

l"i 

9*921065 

to 

30 

SI 

4 

9*742080 

10*257920 

9*821057 

2 

9 

10*178943 

10-078977 

*  3 

9*921023 

50 

211 

30 

0 

9-741176 

3    9 

10*257824 

9*821195 

3 

«4 

10*178805 

10*079019 

3  4 

9-920981 

54 

30 

33 

8 

9-742271 

«'3 

10*257729 

9821332 

4 

18 

io- 178668 

10*079061 

4   6 

9920939 

51 

28 

so 

10 

9-742366 

616 

10*257634 

9*821469 

5 

*3 

10*178531 

10-079103 

5    7 

9920897 

So 

30 

38 

IS 

9-742462 

6  19 

10*257538 

9*821606 

6 

*7 

10*178394 

10*079144 

6   8 

9*920856 

48 

27 

30 

14 

9*74*557 

7  22 

10257443 

9*821743 

7 

3* 

10*178257 

10*079186 

7  10 

9-920814 

40 

30 

34 

1ft 

9*742652 

«*5 

10-257348 

9-821880 

8 

37 

10*178120 

10*079228 

811 

9920772 

4J 

26* 

so 

18 

974*747 

928 

10-257253 
10*257158 

9-822017 

9 

4« 

10*177983 

10-079270 

913 

9920730 

42 

SO 

36 

30 

80 
11 

9-742842 

10  32 
•■35 

9822154 

10 
11 

46 
50 

10*177846 

10-079312 
10*079354 

10  14 

1115 

9-920688 

40 
38 

35 

so 

9-742937 

10*257063 

9-822292 

10*177708 

9*920646 

30 

84 

9-743033 

ia38 

10*256967 

9*  822429 

12 

55 

10*17-571 

10*079396 

1217 

9*920604 

30 

21 

30 

88 

9743128 

1341 

10-256872 

9-822566 

13 

I9 

10-177434 

10-079438 

13  18 

9*920562 

34 

30 

37 

88 

9-743223 

1*44 

10-256777 

9*822703 

14 

64 

10-177297 

10-079480 

14  20 

9*920520 

32 

23 

30 

SO 

9*7433 1* 

1548 

10-256682 

9*822840 

16 

69 

10*177160 

10*079522 

1621 

9-920478 

30 

30 

38 

88 

9*7434*3 

16  51 

10-256587 

9*822977 

16 

73 

10*177023 

10*079564 

16  22 

9920436 

-w 

22 

30 

31 

9-743508 

1754 

10*256492 

9*823114 

17 

78 

10*176886 

10-079606 

17  24 

9920394 

26 

30 

3° 

SO 

9-743602 

18  57 

10*256398 

9*823251 

18 

82 

10*176749 

10*079648 

I825 

9-920352 

14 

21 

30 

SO 

9*743697 

19  6o 

10*256303 

9-823387 

19 

«7 

10*176613 

10*079690 

19  27 

9*920310 

18 

30 

40 

40 

48 

9*74379* 

2063 
21  67 

10*256208 

9*823524 

20 
21 

9' 
96 

10*176476 

10*079732 

20  28 
2129 

9920268 

80 
18 

20 

30 

30 

9*743887 

10*256111 
10*256018 

9*823661 

10*176339 

10*079774 
10*079816 

9*920226 

41 

44 

9'74398* 

2270 

9823798 

22 

101 

10*176202 

2231 

9*920184 

1« 

19 

30 

40 

9-744077 

237| 
2476 

10*255923 

9*823935 

23 

105 

10*176065 

10*079859 

23  32 

9*920141 

14 

30 

43 

48 

9-744171 

10*255829 

9*824072 

24 

no 

10*175928 

10*079901 

2434 

9*920099 

18 

10 

30 

50 

9-744266 

2679 

'o*55734 

9*824209 

26 

i*4 

10*175791 

10*079943 

2535 

9*920057 

.l0 

30 

a 

88 

9*74436" 

2082 

10*255639 

9*8*4345 

30 

119 

10*175655 

10*079985 

2636 

9*920015 

8 

17 

30 

84 

9*744455 

27  86 

,0*55545 

9824482 

97 

3 

10*175518 

10*080027 

27  38 

9*919973 

6 

30 

44 

50 

9*74455° 

20  89 

10*255450 

9*824619 
9*824756 

28 

10*175381 

10*080069 

2839 

9919931 
9*919889 
9*919846 

4 

16 

30 

58 

9-744644 

2992 

io*2553j6 
10*255261 

29 

'33 

10175244 

io*c8oiii 

2941 

8 

30 

a 

30 

10 

8 

?*744739 

3095 

9*824893 

80 

«J7 

10*175107 

10*080154 

3042 

ft* 
58 

16 

9-744833 

;i 

10*255167 

9*825029 

2 

5 

10*174971 

10*080196 

I    1 

9919804 

30 

40 

4 

9-744928 

10*255072 

9*825166 

2 

9 

10*174834 

10*080238 

*  3 

9919762 

50 

14 

30 

0 

9-745022 

3  9 

10*254978 

9*825303 

3 

\t 

10*174697 
10*174561 

10-080280 

u 

9*919720 

54 

30 

47 

8 

9-745117 

413 
616 

10*254883 

9825439 
9*825576 

4 

10*080323 

9*919677 

51 

13 

,  » 

18 

9*745*  » 

10*254789 

6 

*3 

10*174424 

10*080365 

6   7 

9919635 

50 

30 

43 

IS 

9-745306 

619 

,0-254694 

9825713 

6 

*7 

10*174287 

10*080407 

6  8 

9*919593 

48 

12 

30 

14 

9*745400 

7  22 

10*254600 

9*825849 

7 

3* 

10*174151 

10*080449 

7  10 

9919551 

40 

30 

49 

1ft 

9*745494 

*2l 

328 

10*254506 

9*825986 
9*826123 

8 

36 

10*174014 

10*080492 

811 

9919508 

44 

11 

30 

18 

9*7455*9 
9*745*83 

10-254411 

9 

4i 

10*173877 

10*080534 

913 

9*919466 

48 

30 

60 
30 

88 
88 

IO3I 
11  35 

10*254317 

9*826259 

10 
U 

45 

50 

10*173741 

10*080576 

10  14 

11 16 

9*9*94*4 

40 
38 

10 

30 

9*745777 

10*254223 

9*826396 

10*173604 

10*080619 

9*919381 

31 

84 

9*745*71 

1238 

10*254129 

9*826532 

12 

55 

10*173468 

10*080661 

1217 

9*9*9339 

30 

0 

30 

Sft 

9*7459^5 

134I 

10*254035 

9*826669 

13 

5 

10*173331 

10*080703 

13  18 

9*9*9*97 

34 

30 

33 

88 

9*746060 

-*44 

10*253940 

9*826805 

14 

10-173195 

10*080746 

14  20 

9*919254 

31 

0 

30 

30 

9*746i54 

1547 

10*253846 

9*826942 

15 

63 

10*173058 

10*080788 

16  21 

9*919212 

30 

30 

A3 

38 

9*746248 

16  50 

10-25375* 

9*827078 

16 

73 

10*172922 

10*08083  *■ 

1623 

9919169 

88 

7 

30 

34 

9-746342 

1753 

10*253658 

9*827215 

17 

77 

10*172785 

10*080873 

17  24 

9919127 

10 

30 

34 

30 

9-746436 

18  56 

10*253564 

9*827351 

18 

82 

10*172649 

10*080915 

18  25 

9*919085 

14 

0 

30 

38 

9*746530 

i960 

10*253470 

9-817488 
9*827624 

19 

86 

10-172512 

10*080958 

1927 

9*919042 

11 

30 

66 

40 
48 

9746624 

2063 
2166 

10*253376 

20 
21 

9« 

96 

10*172376 

10*081000 

20  28 

21  30 

9*919000 

10 
18 

6 

30 

9-746718 

10*253282 

9*827761 

10171239 

10*081043 

9*918957 

30 

60 

44 

9*746812 

2269 

10-253188 

9827897 

22 

100 

10*172103 

10*081085 

2231 

9918915 

10 

4 

so 

40 

9*746905 

2372 

10*253095 

9*828033 

23 

105 

10*171967 

10*081128 

2332 

9-918872 

14 

30 

67 

48 

9*746999 

2475 

10*253001 

9*828170 

24 

109 

10-171830 

10*081170 

2434 

9*918830 

11 

3 

30 

•8 

9*747093 

2579 

10*252907 

9-828306 

25 

114 

10*171694 

10*081213 

2535 

9*918787 

10 

so 

60 

88 

9*747187 

2682 

10*252813 

9*828442 

26 

118 

10*171558 

10*081255 

20  37 

9*918745 

8 

2 

30 

54 

9-747281 

2785 

10*252719 

9828579 

27 

123 

10*171421 

10*081298 

2738 

9*918702 

0 

30 

60 

50 

9*747374 

28  88 

10*252626 

9-828715 

28 

127 

10*171285 

10-08 1 34 1 

2839 

9*918659 

4 

1 

30 

58 

9-747468 

2991 

10*252532 

982885 1 

29 

132 

10*171149 

10*081383 

2941 

9*918617 

1 

30 

00 

10 

9*74756* 

3094 

10*252438 

9-828987 

30 

136 

10-171013 

10*081416 

30  42 

9*918574 

0 

0 

9  M 

Cosine 

Porte 

Secant 

Cotang. 

Parte 

Tangent 

Cosec. 

Parts 

Sine 

m. 

•> 

ffi 

56°                                                  3h  44" 

» 

806 


TABLE  68 


LOG.  SINE*, 

COSINES,  &«. 

2*   16»                                                    «4° 

77/ 

m. 

•• 

Suit 

Parts 

Conec. 

Trmgea-t 

fPtitt 

Cotaog. 

Secant 

Part.    Coafae 

r» 

/  /# 

0 

t 

97475** 

10-252438 

9*8289(7 

10*171013 
10*170876 

10*08 1416 

9*9«*574 

M 

438 

3t 

t 

9*747655 

1"3 

10-152345 

9*829114 

l* 

'    5 

10-081468 

1*1 

9-918532 

as 

a* 

1 

4 

9*747749 

2  6 

10-152151 

9*829260 

3 

9 

10*170740 

10*081511 

*  3 

9*9i*4*9 

54» 

60 

at 

6 

9-747841 

»   9 

10*152158 

9819396 

3 

'4 

10*170604 

10*081554 

3  4  {9-918446 

84 

an 

S 

8 

9*74793* 

4  12 

10-252064 

9829532 

4 

18 

10*170468 

10*081596 

4   6 

9*918404 

as 

38 

M 

It 

9748030 

5  16 

10*251970 

9*829669 

6 

*3 

10*170331 

10*081639 

6   7  (9*918361 

88 

at 

3 

11 

974*  "3 
9748116 

6  19 

10*251877 

9*829805 

6 

17 

10*170195 

10*081682 

6   9(9*918318 

4B 

»7 

3t 

14 

7il 

10-251784 

9*829941 

7 

3* 

10*170059 

10*081724 

7  10 

9*918276 

m 

at 

4 

16 

9748310 

•  ij 

02* 

10*251690 

9*830077 

6 

3* 

io*  169923 

10*081767 

811 

9*918233 

44 

863 

8» 

18 

9748403 

10*251597 

9*30113 

9 

4" 

10-169787 

10*081810 

913 

9*918190 

«t 

at 

ft 

3t 

86 
88 

9748497 

IO3I 

H34 

10*251503 

9*30349 

10 
11 

45 

50 

10*169651 

10*081853 

10  14 

11  16 

9*918147 

m 

38 

A3 

at 

974*$9° 
974**83 

10-251410 

9*304*5 

10*169515 

10-081895 

9*918105 

i 

M 

1237 

10-251317 

9*830621 

12 

54 

10*169379 

10-081938 

13  17 

9*918062 

38 

84 

at 

86 

9*74*777 

1340 

10*251223 

9-830757 

13 

59 

10-169243 

10*081981 

1319 

9*918019 

34 

at 

7 

88 

974**7<> 

»*43 

10*251130 

9*830893 

14 

6J 

10*169107 

10*082014 

14 10 

9917976 

38 

83 

36 

at 

9748963 

"47 

10-251037 

9-831029 

16 

68 

10*168971 

10*081066 

16ll 

9*9"7934 

at 

at 

• 

as 

9749056 

16  50 

10*250944 

9-831165 

16 

7* 

10*168835 

10*081109 

16  23 

9*917891 

ts 

88 

a* 

14 

9749149 

17  53 

18  56 

10*250851 

9*831301 

17 

77 

10*168699 

10*081151 

17  24 

9*917*4* 

86 

at 

t 

at 

9'749*43 
9749336 

10*150757 
10*150664 

9*3  "437 

18 

82 

10-168563 

10*081 19  « 
10*081138 

10 16 

9*917805 

84 

81 

M 

38 

19  59 

9'*3i573 

18 

86 

10*168417 

IO17 

9*9177*1 

S 

at 

10 

at 

48 
49 

9*7494*9 

20  6l 
2165 
82  62 

10*150571 

9*831709 

20 
21 

9" 

95 

10*168191 

10*081181 

88 19 
31  30 

9*917719 

88 
18 

863 

97495" 
97496  it 
974970* 

10*150478 

9831845 

10*168155 

10*081324 

9*917677 

at 

11 

44 

10*150385 

9*831981 

22 

100 

10*168019 

10*081366 

2231 

9*9»7*34 

16 

06) 

so 

48 

23  71 

10*250292 

9832117 

83 

104 

10*167883 

10*081409 

»33 

9*91759" 

14 

at 

l« 

48 

9749801 

3475 

10*150190 
10*150106 

9832253 
9*832389 

84 

109 

10*167747 

10*081451 

8636 

9*9«754* 

11 

48 

3t 

at 

9749*94 

86  7* 

88 

"3 

10*167611 

10*081495 

9917505 

16 

86 

18 

at 

n 

84 

9*7499*7 
9750079 

8681 

87*4 

10*150013 
10*249921 
10*249828 

9-832660 

88118 
88  121 

10*167475 
10*167340 

10*081538 
10*081581 

*37 
87  39 

9*917462 
9*917419 
9*917376 

8 
6 

47 

36 

14 

88 

9'750,7* 

8887 

9*3*79* 

117 

10*167104 

10*081624 

8840 

4 

463 

at 

88 

9750165 

80  90 

10*149735 

9*831931 
9*33068 

'*] 

10*167068 

10*082667 

8O41 

9*9*7333 

« 

66 

10 
at 

IT 

1 

9750358 

80  93 

10*249642 

'?6 

10*166931 

10*081710 

**43 

9*917190 

•33 

86 

46 

975045" 

\i 

«o'*49549 

9-833204 

5 

10*166796 

10*08175} 
10*081796 

1    1 

9*9»7*47 

36 

Iff 

4 

9*750541 
9750636 

,0-249457 
10*249364 

9**33339 

9 

10*166661 

*   3 

9*917104 

86 

44 

at 

8 

8  9 

9*33475 

»4 

10*166515 

10*081839 

»  4 

9*917161 

54 

at 

17 

8 

9750719 

4  11 

10*249271 

9-833611 

18 

10*166389 

10*081881 

4  6 

9*917118 

8* 

48 

at 

It 

97  5°** « 

615 

10*149  "79 

9**33747 

*3 

10*166153 

10*081915 

6  7 

9917075 

56 

at 

18 

It 

9750914 

6i2 

10*149086 

9*833882 

»7 

10*166118 

10*081968 

6  9 

9*917032 

46 

48 

at 

14 

9751007 

7ii 

10*248993 

9*834018 

3* 

10*165981 

10*083011 

7  10 

9*916989 
9*916946 

46 

at 

19 

16 

9751099 

8l< 
O28 

10*248901 

9*34' 54 

3* 

10*165846 

10*083054 

811 

44 

41 

at 

18 

9  75**9* 

10*248808 

9*834289 

4' 

10*165711 

10*083098 

t"3 

9*916902 

48 

66 

80 

at 

ft 
t* 

9751184 

IO31 
1»34 

10-148716 

9**344*5 

10 
11 

45 
50 

10*1655/5 

10*083141 

10  14 

11 16 

9916859 

46 
36 

436) 

9*75"377 

10*248623 

9*34561 

10*165440 

10*083184 

9*916816 

86 

81 

84 

9751469 

1237 

10*248531 

9*34*9* 

13 

54 

10*165304 
10*165168 

10*083117 

1317 

9*916773 

86 

99 

at 

86 

975"5*' 
9*75**54 

'840 

10*248439 

9*34*31 
9*349*7 

13 

59 

10*083170 

1319 

9*916730 

84 

36 

88 

88 

"43 
1546 

10*248346 

14 

n 

10*165033 

10*083313 

14 10 

9-916687 

at 

983 

at 

at 

9751746 

10*248254 

9*35103 

16 

10164897 

10*083357 

16  21 

9-916643 

38 

3* 

*J3 

at 

9751839 

16  49 

10*248161 

9835138 

16 

71 

10*164761 

10*083400 

16 13 

9*916600 

86 

97 

at 

84 

9'75'93' 

1751 

10*248069 

9'*35374 

17 

77 

10*164616 

10-083443 
10*083486 

17  H 

9916557 

86 

a* 

24 

36 

9751023 

18  55 

10-247977 

9*835509 
9**  3  5*45 

18 

81 

10*164491 

18 16 

99 165 14 

84 

m 

at 

38 

9752115 
9751108 

10  59 

10*247885 

19 

86 

10*164355 

10*083530 

1917 

9*916470 

68 

m 

3ft 

at 

40 
41 

20  62 
3165 

10-247792 

9**3  57*o 

30 
21 

90 

95 

10*  164110 

10*083573 

80 19 
31  30 

9*916427 

86 
16 

88 

66 

9752300 

10-247700 

9**359«* 
9-836051 
9*836187 

10*164084 

10*083616 

9*916384 

86 

41 

9752391 

2262 

10*247608 

22 

99 

10-163949 

10*683659 

2231 

9*916341 

M 

34 

at 

46 

9752484 

237i 

10-247516 

23 

104 

10163811 

10*083703 

2333 

9*916297 

14 

at 

87 

48 

9*75*57* 
9751668 

2474 

10-247414 

9*836312 

24  108 

10*163678 

10*083746 

***35 
2636 

9*916254 

It 

83 

&A 

50 

85  77 
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9i6 

10*11741 1 

9866431 

9 

40 

10*133568 

10-093843 

814 

9*90*157 

48 

sa 

88 

St 

to 
tt 

9*771675 

IO19 

10*117315 

9-866564 

18 
11 

44 
49 

10*133436 

10*093889 

10 15 
1117 

9-906111 

48 

sa 

48 

sa 

9-771761 

II31 

10*117139 

9866697 

10133303 

10-093936 
10*093981 

9-906064 
9*906018 

SI 

14 

9*771847 

1*34 

10*117153 
10*117067 

9866819 

12 

53 

10-133171 

IS  19 

38 

38 

so 

to 

9771933 

13  37 

9*866961 

13 

fi 

10-133039 

10*094019 

13 10 

9*905971 

34 

38 

28 

to 

9"7*moi8 

14  40 

10*116981 

9*867094 

14 

10*131906 

10094075 

U11 

99<>59*5 

SB 

38 

so 

so 

9*773104 

16  43 

10*116896 

9-867116 

15 

66 

10-131774 

10*094111 

16 13 

9*905*7* 

SO 

30 

as 

ss 

9-773190 

16  46 

10*116810 

9**735* 

16 

7i 

10-131641 

10*094168 

16 15 

9*905*3* 
99057*5 

as 

87 

30 

34 

9773176 

1749 

10*116714 

9*867491 

17 

75 

10*131509 

10*094115 

17l6 

ta 

SB 

24 

38 

9773361 

18  51 

10*116639 

9-867613 

18 

79 

10*131377 

10*094161 

18 18 

9005739 

14 

38 

so 

sa 

9*773447 

1954 

10*116553 

9**7755 

19 

«4 

10-131145 

10*094308 

1919 

9*905*9* 

tt 

30 

lb 

so 

40 

41 

9*773533 

so  57 

3l6o 

10*116467 

9-867887 

20 
21 

88 
93 

10*131113 

10-094355 

2031 
«33 

9*905645 

ta 

18 

38 

30 

9*773*'* 

10*116381 

9*868019 

10-131981 

10*094401 

9905599 

2ii 

44 

9*773704 

226i 
S3  66 

10*116196 

9*868152 

22 

97 

10*131848 

,0*094448 

**34 

9905551 

18 

34 

30 

48 

9773789 

10*116111 

9868284 

23 

101 

10*131716 

10094494 

S3  36 

9*90550* 

14 

30 

27 

48 

9773*75 

8469 

10*116125 

9*868416 

24  106 

10-131584 

10*094541 

*37 

9*905459 

It 

33 

so 

SO 

97739*o 

26  71 

10*116040 

9*868548 

25 

110 

10*131451 

10*094588 

8639 

9*905411 

18 

so 

88 

at 

9*77404* 

S674 

10-115954 

9-868680 

26 

•«5 

10-131310 

10-094634 
10*094681 

86  40 

9905366 

8 

33 

30 

54 

9*774»3» 

*7  77 

10*115869 

9-868813 

27 

119 

10*131187 

874* 

9*905319 

a 

30 

28 

58 

9*774*17 

28  80 

10-115783 

98*2945 

28 

"1 

118 

10*131055 

10*094718 

*43 

9-905171 

4 

31 

so 

as 

9-774301 

S983 

10*115698 

9**9077 

20 

10*130913 

10*094775 

»45 

9905**5 

t 

30 

38 

18 

9*7743** 

SO86 

10-115611 

9*869109 

SO 

'3* 

10*130791 

10*094811 

SO  46 

9-905179 

a 

30 

/  H 

•.* 

Cflome 

Parta 

Secant 

Count;. 

Pan. 

Tangent 

Coaea. 

Parta 

Sina 

«. 

/  0 

53°                                                    8*  S4m 
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LOG.  SINKS. 

COSINES,  flee. 

2h  SO1**                                                   36° 

/  9 9 

•." 

Sine 

Hurls 

Cosec 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

TBI. 

/  // 

30 

0 

9-7743** 

10-225612 

9-869209 

10*130791 

10*094821 

9*v°5'79 

3*3 

30 

30 

t 

9*774473 

1"3 

10-225527 

9-869341 

iw 

4 

10*130659 

10*094868 

l"2 

9905132 

59 

30 

31 

4 

9*77455* 

2   6 

10-225442 

9*869473 

2 

9 

10*130527 

10*094915 

*   3 

9905085 

58 

20 

30 

0 

9-774644  ; 

3   8 

10*225356 

9*869605 

3 

M 

io*  130395 

10*094962 

U 

9905038 

54 

30 

.12 

8 

9-774729 

4ii 

10*225171 

9869737 

4 

18 

10-130263 

10*095008 

9904992 

52 

28 

so 

10 

9*774*14 

614 

10*125186 

9869869 

5 

22 

10*130131 

10-095055 

6    8 

9*904945 

50 

30 

33 

11 

9*774899 

617 

10*225101 

9*870001 

6 

26 

10*129999 

10*095102 

6   9 

99C4898 

48 

27 

SO 

14 

9*7749*5 

7  20 

10*225015 

9*870133 

7 

3« 

10*129867 

10*095149 

7  11 

9*904851 

48 

30 

34 

10 

9-775070 

823 

10-224930 

9*870265 

8 

35 

10*119735 

10*095196 

813 

9904804 

44 

20 

30 

18 

9*775"55 

91| 
IO28 

II31 

10-224845 

9*870397 

9 

40 

10*129603 

10*095243 

9i4 

9904757 

42 

30 

36 

00 
22 

9*77  5*4° 

10*224760 

9*870529 

10 

11 

44 
4* 

10*129471 

10*095289 

10  16 

11  17 

99047 11 

40 

38 

26 

so 

9*7753*5 

10*224675 

9*870661 

10*129339 

10*095336 

9*904664 

30 

30 

ft! 

9-775410 

1234 

10-224590 

9*870793 

12 

53 

io* 129207 

10*095383 

1219 

9*904617 

38 

24 

30 

26 

9*775495 

1337 

10*224505 

9*870925 

13 

57 

10*120075 
10*128943 

10-095430 

13  20 

9-9°457° 

34 

30 

37 

•w 

9*7755*° 
9775665 

14  40 

10*224420 

9**71057 

14 

62 

10*095477 

14  22 

9*9045*3 

32 

23 

30 

30 

15  42 

10-224335 

9*871189 

15 

66 

10-128811 

10*095524 

1524 

9*904476 

30 

30 

38 

32 

9*77575° 

I645 

10*224250 

9-871321 

16 

70 

10*128679 

10*095571 

1625 

9-904429 

28 

22 

30 

34 

9*775*35 

174* 

10*224165 

9*871453 
9-871585 

17 

75 

10*128547 

10*095618 

1727 

9*904382 

28 

30 

30 

38 

9*775910 

I851 

10*224080 

18 

79 

10*128415 

10*095665 

1828 

9*904335 

24 

21 

30 

38 

9-776005 

19  54 

10*223995 

9*871717 

19 

*4 

10*128283 

10*095712 

1930 

9*904288 

22 

30 

40 

4ft 
42 

9*776090 

2057 
2I59 

10*223910 

9*871849 

20 
21 

88 
92 

10*128151 

10*095759 

20  31 
2I33 

9*904241 

20 
18 

20 

9*776175 

10*223825 

9*871980 

10*128020 

10*095806 

9*904194 

30 

11 

44 

9-776259 

22  62 

10-223741 

9*872112 

22 

97 

10*127888 

10*095853 

2234 

9904147 

16 

10 

30 

48 

9*77*5344 

2365 

10*223656 

9*872244 

23 

101 

10*127756 

10-095900 

2336 

9*904100 

14 

at 

42 

48 

9-776429 

24  68 

10*223571 

9*872376 

24  106 

10*127624 

10-095947 

2438 

9*904053 

12 

18 

30 

50 

9-776514 

2571 

10-223486 

9*872508 

25 

no 

10*127492 

10*095994 

2539 

9*904006 

10 

38 

43 

52 

9-77*559* 
9-776683 
9-776768 

28  74 
27  76 

10*223402 

9*872640 

26 

"4 

10*127360 

10-096041 

2641 

9-903959 

8 

17 

30 

54 

10-223317 

9*872771 

27 

119 

10*127229 

10*096088 

2742 

9-903912 

6 

30 

44 

58 

2879 

10*223232 

9*872903 

28 

i*3 

10-127097 

10*096136 

2844 

9903864 

4 

16 

30 

58 

9*776852 

29  82 

10*223148 

9*873°35 

29  128 

10*126965 

10*096183 

2946 

9*903817 

2 

36 

45   l«f 

9-776937 

-M85 

10*123063 

9**73«67 

30 

132 

10*126833 

10-096230 

30  47 

9-90377° 

M 
58 

16 

30 

2 

9-777011 

.1 

10*222979 
10*222894 

9-873299 

1 

4 

10*126701 

10*0962-7 

1     2 

9-903723 
9903676 

30 

40 

4 

9*777106 

9*873430 
9-873562 

2 

9 

10*116576 

10*096324 

*    3 

58 

14 

30 

8 

9-777191 

3   8 

10*222809 

3 

>3 

10*116438 

10*096371 

»  5 

9903629 

84 

30 

47 

8 

9-777175 

411 

10*221725 

9*73*594 

4 

18 

10*126306 

10*096419 

4  6 

9-903581 

02 

13 

30 

10 

9*777359 

5  14 

10*222641 

9*873**5 

5 

22 

10*116175 

10-096460 

6   8 

9*9°3534 

88 

30 

48 

12 

9-777444 

617 

10*222556 

9**73957 

6 

26 

10*  1*6043 

10*096513 

6   9 

9-903487 

48 

12 

30 

14 

9*7775** 

7  20 

10*222471 

9*874089 

7 

3' 

10*115911 

10*096560 

7n 

9-90344° 

48 

30 

49 

16 

9-777613 

8  22 

10*122387 

9*874220 

8 

35 

10*1257*0 

10*096608 

813 

9903392 

44 

11 

30 

18 

9-777697 

925 

10*122303 

9**7435* 

9 

40 

10*115648 

10*096655 

9  14 

9*903345 

42 

36 

50 

30 

to 

22 

9*7777*1 

10  28 
II3I 

10*222219 

9*8744*4 

10 

11 

44 
4* 

10*115516 

10*096702 

10  16 
II17 

9*903298 

40 

38 

10 

30 

9*777866 

10*222134 

9*874615 

10*125385 

10*096750 

9903250 

61 

24 

9*77795° 

12  34 

10*222050 
10*221966 

9**74747 

12 

53 

10*125253 

10*096797 

1219 

9.903203 

36 

0 

30 

28 

9-778034 

13  37 

9*874879 

13 

R 

10*125121 

10*096844 

1321 

9903156 

34 

30 

52 

28 

9-778119 

14  40 

10-221881 

9*875010 

14 

10*124990 

10*096892 

14  22 

9*903108 

32 

8 

30 

30 

9-778*03 

15  42 

10-221797 

9*87514* 

15 

66 

10-124858 

10*096939 

15  24 

9*903061 

38 

30 

53 

32 

9-77**87 

16  45 

10*221713 

9*$75*73 

16 

70 

10*124727 

10*096986 

I625 

9*903014 

•» 

7 

30 

34 

9*77*37" 

1748 

10*221629 

9*875405 

17 

75 

10*124595 

10  097034 

H27 

9*902966 

26 

30 

64 

38 

9*77*455 

I851 

10*221545 

9*875537 

18 

79 

10*124463 

10*097081 

I828 

9*902919 

24 

8 

30 

38 

9*77*539 

19  53 

10*221461 

9*875668 

19 

*3 

10*124332 

10*097129 

19  30 

9*902871 

22 

30 

56 
30 

40 
42 

9-77*614 

20  56 
2159 

10*221376 

9-875800 

20 
21 

88 
9* 

10*124200 

10-097176 

20  32 
2133 

9*902824 

28 
18 

5 

9*77*7°* 

10*221292 

9*7593» 

10*124069 

10*097224 

9-902776 

30 

50 

44 

9*77*79* 

22  62 

10*221208 

9*876063 

22 

97 

10*123937 
10*123806 

10*097271 

2235 
23  36 

9-902729 

16 

4 

30 

48 

9-77**76 

2365 

10*221124 

9*76i94 

23 

101 

10*097319 

9*902681 

14 

30 

67 

48 

9-778960 

24  67 

10*221040 

9-876326 

24 

105 

10*123674 

10*097366 

2438 

9*901634 

12 

3 

30 

50 

9-779044 

2570 

10*220956 

9*876457 

25 

no 

10-123543 

10*097414 

2639 

9*901586 

10 

30 

58 

52 

9-779128 

2673 

10-220872 

9*876589 

26 

"4 

10*123411 

10*097461 

264, 

9-902539 

6 

2 

so 

54 

9-779211 

2776 

10*220789 

9-876720 

27 

119 

10*123280 

10-097509 

2743 

9902491 

6 

30 

50 

S6 

9*779*95 

28  79 

10*220705 

9-876852 

28 

>*3 

10*123148 

10097556 

2844 

9-902444 

4 

1 

30 

58 

9*779379 

29  8i 

10*220621 

9-876983 

29 

127 

10*123017 

10*097604 

2946 

9-902396 

2 

30 

00 

aa 

9-779463 

-M84 

10*220537 

9-877114 

30 

«3* 

10*122886 

10*097651 

30  47 

9*902349 

0 

0 

'  // 

Cosine 

Ports 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

■Si. 

/  99 

52}°                                                  3"  82"» 
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TABLE  68 

LOG.  SINES, 

COSINES,  *c 

2*  28"                                                     37° 

/  // 
IT 

0 

t 

Sine 

Parti 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine  I11?* 

/  ft 

9779463 
9'7/9-"47 

l"3 

10*220537 
10*220453 

9-877114 
9*877246 

1 

4 

10*122886 
10*122754 

10*097651 
1  o- 097600 

1*2 

9*902349 
9*902301 

32 

50 

m 

30 

1 

4 

9*779*3 " 

2   6 

10*220369 

9*877377 

2 

9 

10*122623 

10097747 

*  3 

9902253 

M 

59 

m 

• 

9-779714 

S   8 

IO'22Cl86 

98775C9 

3 

"3 

10*122491 

10097794 

3  1 

9*902206 

54 

30 

9 

S 

9*77979* 

4  II 

io*  220202 

9*877*4° 

4 

17 

10*122360 

10*097842 

4   6 

9002158 

91 

68 

30 

10 

977988a 

614 

10*220118 

9877771 

6 

22 

10*122229 

10*097890 

5  8 

9*902110 

50 

JO 

3 

12 

9  779966 

617 

;o*i20O34 

9877903 

6 

26 

10*122097 

10097937 

6  10 

9*902063 

4» 

67 

30 

14 

9780049 

7  19 

10*219951 

9878034 

7 

3« 

10*121966 

10*097985 

7il 

9*9020 1 5 

40 

30 

4 

10 

9*780133 

8  22 

10*219867 

9*878165 

8 

35 

10*121835 

10*098033 

813 

9*901967 

44 

68 

30 

It 

9*780216 

925 

10*219784 

9*878297 

9 

39 

10*121703 

10*098080 

914 

9*901920 

42 

30 

6 
30 

90 
92 

9-780300 

10  28 
U31 

10*219700 

9-878428 

10 
11 

44 
48 

10*12157* 

10*098128 

10  16 
II18 

9901872 

40 
30 

65 

30 

9780384 

10*219616 

9*878559 

10*121441 

10*098176 

9901824 

6 

*4 

9*780467 

1*34 

10*219533 

9*878691 

12 

5* 

10*121309 

10*098224 

1919 

9901776 

30 

64 

30 

98 

9*780551 

1336 

10*219449 

9*878822 

13 

\\ 

10*121178 

10-098271 

1321 

9901729 

94 

30 

7 

9s* 

9*780634 

1439 

10*219366 

9878953 

14 

10*121047 

10*098319 

14  22 

9*901681 

Sat 

63 

20 

30 

9*7*0718 

16  42 

10*219282 

9*879085 

16 

66 

10*120915 

10*098367 

15  24 

9901633 

30 

30 

8 

32 

9*780801 

1*45 

10*219199 

9*879216 

16 

70 

10*110784 

10*098415 

1625 

9*901585 

90 

62 

3* 

34 

9*780884 

•747 

10*219116 

9*879347 

17 

74 

10*110653 

10*098463 

1727 

9*901537 

90 

30 

9 

30 

9*780968 

18  50 

10*219032 

9879478 

18 

79 

10*110511 

10-098510 

18  29 

9*901490 

14 

61 

30 

38 

9*781051 

19  53 

10*218949 

9879*09 

19 

83 

10*120391 

10*098558 

I930 

9*901442 

It 

30 

10 

30 

40 
49 

9*781134 

20  56 
91  58 

10118866 

9*87974* 

20 
21 

87 
9* 

10*120259 

10*098606 

9032 
9133 

9901394 

90 
18 

80 

30 

9*781218 

10-2187*2 

9*79872 

10*120128 

10*098654 

9*901346 

II 

44 

9*781301 

996i 

10*218699 

9*880003 

29 

96 

10*119997 

10*098702 

»35 

9-901298 

10 

49 

39 

40 

9*781384 

9364 

10*218616 

9880134 

93 

101 

10*119866 

10*098750 

23  37 

9*901250 

14 

30 

13 

4* 

9*781468 

94  67 

10*118532 

9*880165 

94 

105 

10*119735 

10*098798 

2438 

9*901202 

11 

48 

ao 

30 

9*781551 

9670 

10  218449 

9880397 

95 

109 

10*119603 

10*098846 

2540 

9*901154 

10 

30 

13 

52 

9*781634 

**73 

101 18366 

9-880518 
9*880659 

96 

"4 

10*119472 

10*098894 

964i 

9*901106 

0 

47 

30 

54 

9*781717 

27  75 
98  7* 

10*11 8 1 83 

97 

118 

10*119341 

10098942 

*743 

9*901058 

0 

30 

14 

50 

9*781800 

10*218100 

9*880790 

90 

ill 

10*119110 

10*098990 

*»45 

9*901010 

4 

46 

30 

58 

9*781883 

998i 

10*218117 

9*880921 

99 

117 

io- 1 19079 
10*11*948 

10*099038 

9946 

9*900962 

1 

30 

16 
30 

a*» 

2 

9*781966 

9083 

10*218034 

9*881052 

80 

"V 

10*099086 

3048 

9*900914 

SI 

50 

45 

30 

9*782049 

1    3 

10117951 
10*217868 

9*8*1183 
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IO'  I IO266 

16  26 

9**9734 

38 

so 

8 

31 

9'Sooi  17 

I641 

10*199883   9'9,Q43S 

16 

69 

10*089565 

IO'II03l8 

16  27 

9*889682 

18 

52 

30 

34 

9-800195 

17  44 

10*199805 

9-910564 

17 

73 

10*089436 

10*110369 

1729 

9*889631 

W 

30 

9 

30 

9*800271 

I847 

10*199728 

9-910693 

18 

77 

10*089307 

10*110421 

I831 

9889579 

14 

51 

30 

30 

9*Sco3to 

1950 

10*199650 

9*910822 

19 

82 

10*089178 

10*110472 

1932 

9*889528 

11 

30 

10 

30 

40 
4J 

9'8co-,i7 

90  52 
2155 

io-i9SJ73 

9910951 

20 
21 

86 
90 

10*089049 

IO-IIO523 

2034 
21  36 

9*889477 

18 
18 

50 

JO 

9*800505 

10*199495 

9*911080 

10*088920 

10*1I0575 

9889425 

11 

44 

9*800581 

2257 

10*199418 

9*911209 

22 

95 

10-088791 
10*088662 

I0*1I0626 

2238 

9889374 

18 

49 

30 

40 

9- Sec 6 60 

23  00 

10*199340 

9911338 

23 

99 

IO'llc678 

2339 

9*889322 

14 

so 

1* 

48 

9*lo-J717 

24  6i 

10*199263 

991 1467 

24 

103 

10*088533 

IO'I10729 

944, 

9*889271 

11 

48 

30 

60 

9800815 

2565 

10*199185 

991 1596 

25 

107 

10*088404 

IO'lI078l 

2643 

9*889219 

10 

3»* 

IS 

ft 

9*800891 

2667 

10*199108 

9911725 

26 

112 

10-088275 

I0*II0832 

-«44 

9*889168 

8 

47 

30 

84 

9-800969 

2770 

10*199031 

9*911853 

27 

116 

10*088147 

IO*  I IO884 

2746 

9-8891 16 

8 

30 

u 

50 

9*801047 

2873 

10*198953 

9*911982 

28 

120 

10*088018 

10*110936 

2848 

9-889064 

4 

46 

30 

30 

9-801124 

29  75 

10*198876 

9*912111 

29 

,l5 

10*087889 

10*110987 

2950 

9-889013 

1 

38 

15 

30 

ay 

t 

9*8oi2oi 

3078 

10*198799 

9*912240 

30 

122. 

10*087760 

10*111039 

3051 

9-888961 

as 

58 

45 

m 

9*801279 
9*801356 

1    3 

10*198721 

9-912369 

1 

4 

10*087631 

10*111000 

1     2 

9-888910 

It 

4 

*  5 

10*198644 

9-91249* 

* 

9 

10*087502 

IO*IIII41 

*  3 

9-888852 

58 

44 

30 

8 

9-801433 

3   8 

10*198567 

9*911627 

3 

13 

10-087373 

IO*II1194 

»   5 

9-888806 

54 

30 

17 

8 

9*801511 

4  10 

10*198489 

9912756 

4 

17 

10*087244 

10*111245 

*   7 

9*888755 

51 

43 

30 

18 

9*801588 

613 

10*198412 

9*912885 

6 

11 

100871 15 

10*111297 

5   9 

9-888703 

58 

30 

18 

It 

9*801665 

615 

10*198335 

9-913014 

6 

26 

10*086986 
10*086857 

10*111349 

6  10 

9*888651 

48 

42 

30 

14 

9-801741 

7  18 

10*198258 

9'9I3H3 

7 

3© 

10*111400 

7  12 

9*888600 

48 

30 

If 

18 

9*801819 

821 

10*198181 

9-913271 

8 

34 

10*086729 

10*111452 

814 

9*888548 

44 

41 

30 

18 

9*801896 

923 

10*198104 

9-913400 

9 

39 

10*086600 

10*111504 

9  16 

9-888496 

41 

38 

20 

30 

88 
13 

9801973 

IO26 
11  28 

10*198027 

9*9*35*9 

10 
11 

43 

47 

10*08647 1 

10*111556 

10  17 

11  19 

9-888444 

48 
38 

40 

30 

9*802051 

10-197949 

9*913658 

10-086342 

10*111607 

9-888393 

21 

14 

9*802128 

1231 

10*197872 

9913787 

12 

5> 

10*086213 

10*111659 

1221 

9-888341 

38 

39 

30 

88 

9*802205 

1333 

10*197795 

9913916 

13 

56 

10*086084 

10*111711 

13  22 

9*888289 

34 

3r# 

22 

38 

9-802282 

14  36 

10*197718 

9-914044 

14 

60 

10*085956 

10*111763 

14  24 

9888237 

31 

38 

30 

30 

9802359 

I538 

10*197641 

9-914173 

16 

64 

10*085827 

10*111815 

15  26 

9-888185 

38 

30 

23 

31 

9*802436 

I641 

10*197564 

9-914302 

16 

69 

10*085698 

10*111866 

16  28 

9*888134 

18 

37 

30 

34 

9*802512 

>743 

10*197488 

9*914431 

17 

73 

10*085569 

10*111918 

1729 

9*888082 

18 

30 

24 

38 

9-802589 

18  46 

10*1974" 

9914560 

18 

77 

10*085440 

10-111970 

18  3 1 

9  888030 

14 

36 

30 

38 

9*802666 

1948 

10*197334 

9-914688 

19 

82 

10*085312 

10*112022 

1933 

9*887978 

It 

30 

25 

48 

41 

9-801743 

2O51 
2154 

io*  197257 

9914817 

20 
21 

86 
90 

10*085183 

10*112074 

2035 
21  36 

9*887926 

10 
18 

35 

30 

30 

9*802820 

10*197180 

9*914946 

10*085054 

10*112126 

9*887874 

26 

44 

9-802897 

2257 

10*197103 

9-915075 

22 

94 

10*084925 

10*112178 

2238 

9*887822 

18 

34 

30 

48 

9*802974 

2359 

10*197026 

9915203 

23 

99 

10*084797 

10*112230 

2340 

9887770 

14 

30 

27 

48 

9*803050 

24  62 

10*196950 

9915332 

94 

103 

10*084668 

10*112282 

9442 

9-887718 

It 

33 

30 

50 

9803127 

2664 

10*196873 

9-915461 

25 

107 

10084539 

10*112334 

25  43 

9-887666    10 

30 

28 

51 

9*803204 

2667 

10*196796 

9915590 

26 

112 

10*084410 

10*112386 

2645 

9*887614 

8 

32 

30 

54 

9*803281 

2769 

10*196719 

9*915718 

27 

116 

10084282 

10*112438 

2747 

9*887562 

8 

so 

29 

50 

9-803357 

2872 

10-196643 

9*915847 

28 

no 

10*084153 

10*112490 

2848 

9*887510 

4 

31 

30 

58 

9803434 

2974 

10*196566 

9*915976 

29 

124 

10*084024 

10*112542 

2950 

9-887458 

1 

30 

30 

3S 

m. 

•> 

9*803511 

30  77 

10*196489 

9*916104 

30 

129 

10*083896 

10*112594 

30  52 

9-887406 

0 

30 
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Parte 
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30 

0 

9*803511 

10*196489 

9*916104 

10*083896 

10*112594 

9*887406  22 

30 

30 

2 

9-803587 

1"3 

10*196413 

9*916233 

1"    4 

10*083767 

10*112646 

1"2 

9*887354 

58 

30 

31 

4 

9*803664 

*   5 

10*196336 

9*916362 

2 

9 

10*083638 

10*112698 

*   3 

9*887302 

50 

29 

30 

0 

9*803740 

3    8 

10*196260 

9*916491 

3 

»3 

10*083510 

10*112750 

3    5 

9*887250 

54 

30 

32 

8 

9*803817 

4  10 

10*196183 

9*916619 

4 

17 

10*083381 

10*112802 

4    7 

9*887198 

52 

28 

30 

10 

9*803893 

5l3 

10*196107 

9*916748 

ft 

21 

10*083252 

10*112854 

5    9 

9*887146 

50 

30 

33 

12 

9*803970 

615 

10*196030 

9*916877 

6 

26 

10*083123 

10*112907 

610 

9*887093 

48 

27 

30 

14 

9*804046 

7  18 

10*195954 

9-917005 

7 

30 

10*082995 

10*112959 

7  12 

9*887041 

40 

30 

34 

16 

9*804123 

820 

10*195877 

9*917134 

8 

34 

10*082866 

10*113011 

8  14 

9*886989 

44 

26 

89 

18 

9*804199 

923 

10*195801 

9*917262 

9 

39 

10*082738 

10*113063 

9l6 

9*886937 

42 

30 

35 

to 
22 

9*804276 

10  25 
U28 

10*195724 

99»739« 

10 
11 

43 

47 

10*082609 

10*113115 

IO17 
11  19 

9*886885 

40 
38 

25 
30 

30 

9*804352 

10*195648 

9*917520 

10*082480 

10*113168 

9*886832 

36 

24 

9*804428 

1230 

10*195572 

9*917648 

12 

5' 

10*082352 

10*113220 

1221 

9*886780 

30 

24 

30 

26 

9804505 

I333 

10*195495 

9*917777 

13 

56 

10*082223 

10*113272 

1323 

9*886728 

34 

30 

37 

28 

9*804581 

"35 

10*195419 

9*917906 

14 

60 

10*082094 

10*113324 

U24 

9886676 

32 

23 

30 

30 

9*804657 

1538 

10*195343 

9*918034 

15 

64 

10*081966 

10*113377 

15  26 

9*886623 

30 

30 

38 

32 

9*804734 

16  40 

10*195266 

9*918163 

16 

69 

10*081837 

10*113429 

16  28 

9*886571 

28 

22 

30 

34 

9*804810 

1743 

10*195190 

9*918291 

17 

73 

10*081709 

10*113481 

1730 

9-886519 

20 

30 

39 

30 

9*804886 

18  46 

10*195114 

9*918420 

18 

77 

10*081580 

10*113534 

I831 

9*886466 

24 

21 

30 

38 

9*804962 

I948 

10*195038 

9*918548 

19 

81 

10*081452 

10*113586 

19  33 

9*886414 

22 

80 

40 

30 

40 
42 

9*805039 

2O51 
•2153 

10*194961 

9*918677 

20 
21 

90 

10*081323 

10*113638 

2035 
2137 

9*886362 

20 

18 

20 

30 

9*805115 

10*194885 

9*918805 

10*081195 

10*113691 

9*886309 

.41 

44 

9*805191 

2256 

f  0-194809 

9*918934 

22 

94 

10*081066 

10*113743 

2238 

£•886257 

10 

19 

30 

40 

9*805267 

2358 

10*194733 

9*919063 

23 

99 

10*080937 

10*113796  2340 

9*886204 

14 

30 

4* 

48 

9*805343 

246i 

10*194657 

9*919191 

24 

103 

10*080809 

10*113848 

2442 

9*886152 

12 

18 

30 

60 

9*805419 

2663 

10*194581 

9-919320 

25 

107 

10*080680 

10*113901 

2544 

9*886099 

10 

30 

43 

52 

9*805495 

2666 

10*194505 

9*919448 

26 

in 

10*080552 

10*113953 

2645 

9*886047 

8 

17 

30 

54 

9805571 

S7  68 

10*194429 

9'9>9577 

27 

116 

10*080423 

10*114005 

27  47 

9*885995 

6        30 

44 

50 

9805647 

2871 

IO'»94353 

9*919705 

28 

120 

10*080295 

10*114058 

2849 

9885942 

4 

16 

30 

58 

9*805723 

»73 
3076 

10*194277 

9*919834 

29 

124 

10*080166 

10*114110 

2950 

9-885890 

2 

30 

44 

30 

39 
2 

9*805799 

10*194201 

9919962 

30 

129 

10*080038 

10*114163 

3052 

9885837 

ax 

58 

15 

30 

9*805875 

1    3 

10*194125 

9*920091 

1 

4 

10*079909 

10*114216 

1    2 

9*885784 

46 

4 

9*805951 

«   5 

10  194049 

9*920219 

3 

9 

10*079781 

10*114268 

*   4 

9*885732 

56 

14 

30 

0 

9*806027 

3   8 

10*193973 

9*920348 

3 

13 

10-079652 

10*114321 

3    5 

9885679 

54 

30 

47 

8 

9*806103 

4  10 

10*193897 

9920476 

4 

»7 

10079524 

to* 1 14373 

4    7 

9885627 

52 

13 

30 

10 

9*806179 

5  13 

10*193821 

9*920604 

5 

21 

10*079396 

10*114426 

6    9 

9*885574 

50 

30 

48 

12 

9*806254 

6t5 

10*193746 

9*920733 

6 

26 

10*079267 

10*114478 

6ll 

9-885522 

48 

12 

30 

14 

9*806330 

7i8 

10*193670 

992086 1 

7 

30 

10*079139 

10*114531 

7  12 

9*885469 

•III 

30 

49 

16 

9*806406 

820 

10*193594 

9-920990 

8 

34 

10*079010 

10*114584 

8  14 

9-885416 

14 

11 

30 

18 

9  806482 

923 

10*193518 

9*921118 

9 

39 

10078882 

10*114636 

9l6 

9*885364 

42 

30 

50 

30 

20 
22 

9*806557 

IO25 
11  28 

10*193443 

9*921247 

10 
11 

43 
47 

10*078753 

10*114689 

10l8 
11  20 

9*885311 

40 
38 

10 

311 

9*806633 

10*193367 

9'92I375 

10*078625 

10*114742 

9*885258 

61 

24 

9*806709 

1230 

10*193291 

9*921503 

12 

5i 

10*078497 

io*  1 14795 

1221 

9*885205 

30 

9 

30 

20 

9806785 

1333 

10*193215 

9*921632 

13 

56 

10*078368 

10*114847 

13  23 

9*885153 

34 

30 

52 

28 

9-806860 

H35 

10*193140 

9-921760 

14 

60 

10*078240 

10*114900 

14  25 

9*885100 

32 

8 

30 

30 

9*806936 

1538 

10*193064 

9*921889 

15 

64 

10*078111 

io- 1 14953 

15  26 

9*885047 

30 

30 

53 

32 

9*807011 

16  40 

10*192989 

9*922017 

16 

68 

10*077983 

10*115006 

16  28 

9-884994 

28 

7 

30 

34 

9-807087 

1743 

10*192913 

9*922145 

17 

73 

10*077855 

10*115058 

17  30 

9*884942 

20 

30 

54 

30 

9*807163 

I845 

10*192837 

9*922274 

18 

77 

10*077726 

10-115111 

18  32 

9*884889 

24 

0 

30 

38 

9*807238 

1948 

10*192762 

9-922402 

19 

81 

10*077598 

10*115164 

19  33 

9*884836 

22 

30 

55 

30 

40 

42 

9*807314 

20  50 
2153 

10*192686 

9*922530 

20 

21 

86 
90 

10*077470 

10*115217 

2035 
2137 

9-884783 

20 
18 

5 

30 

9*807389 

10*192611 

9*922659 

10-077341 

10*115270 

9*884730 

50 

« 

9*807465 

2255 

10*192535 

9*922787 

22 

94 

10-077213 

10-115323 

2239 

9*884677 

16 

4 

30 

46 

9*807540 

2358 

10*192460 

9*922915 

23 

98 

10*077085 

10-115375 

2340 

9 '88462 5 

14 

30 

57 

48 

9*807615 

24  6o 

10*192385 

9-923044 

24 

103 

10*076956 

10*  1 1 5428 

2442 

9*884572 

12 

3 

30 

50 

9-807691 

2563 

10*192309 

9*923172 

25 

107 

10*076828 

10*115481 

2544 

9*884519 

10 

30 

58 

52 

9*807766 

2665 

10*192234 

9*923300 

26 

in 

10*076700. 

10*115534 

2646 

9*884466 

8 

9 

30 

54 

9*807842 

27  68 

10*192158 

9*923429 

27 

116 

10*076571 

10*115587 

2748 

9*884413 

0 

30 

;>u 

50 

9*807917 

2870 

10*192083 

9*923557 

28  120 

10*076443 

10*115640 

2849 

9*884360 

4 

1 

30 

58 

9*80799* 

29  73 

10*192008 

9*923685 

29  124 

10*076315 
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9*884307 

2 

30 

m 

40 
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9*923814 

30 
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9884254 

0 

0 
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l" 
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w 
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« 
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*   5 
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2 

9 
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*  4 
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59 

3* 

• 
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10*191707 
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3 

«3 
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9*884095 

34 

30 

2 

8 
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«7 
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31 

58 

IT 

10 
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10*191556 
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3 
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IC I l6oil 
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9883989 

SO 

30 

s 

It 

9*808519 

815 

10*191481 

9-924583 

8 

26 
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10*116064 

6  11 

9883936 

48 

hi 

30 

14 

9*808574 

7  18 

10*191406 

9*924711 

7 

30 

10*075289 

IO*Il6lI7 

7  12 

9*883883 

4* 

38 

4 

14 

9*808669 

820 

10*191331 

9-924840 

8 

34 

10*075160 

lO'Il6l7I 

814 

9*883829 

44 
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10-130927 

5  10 

9-869073 

56 

30 

18 

11 

9*828023 

614 

10*171977 

9959008 

8 

*5 

10*040992 
10*040865 

10*130985 

812 

9*869015 

48 

42 

at 

14 

9*828093 

7  16 

10*171907 
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10-134991 

16  29 

9*865009 

30 

30 

63 

33 

9832833 

1836 

10*167167 

9967883 

16 

68 

10*032117 

10*135050 

16  31 

9*864950 

38 

7 

30 

34 

9*832901 

17  39 

10*167099 

9*968009 

17 

7* 

10-03 199 1 

10*135108 

17  33 

9*864892 

30 

30 

64 

30 

9-832969 

I841 

10*167031 

9*968136 

18 

76 

10*031864 

10-135167 

18  35 

9*864833 

34 

6 

30 

38 

9833037 

1943 

10-166963 

9*968263 

19 

80 

10*031737 

10*135226 

19  37 

9*864774 

33 

30 

6ft 

30 

40 
43 

9*833105 

2045 
21 48 

10*166895 

9-968389 

20 
21 

84 
89 

10*031611 

10*135284 

2O39 
21  41 

9*864716 

30 
18 

6 

30 

9833173 

10*166827 

9*968516 

10*031484 

10*135343 

9*864657 

60 

44 

9833241 

2250 

10*166759 

9-968643 

22 

93 

10*031357 

10*135402 

«43 

9*864598 

10 

4 

30 

40 

9*833309 

2352 

10*166691 

9*968769 

23 

97 

10*031231 

10*135461 

23  45 

9864539 

14 

30 

ft7 

48 

9**33377 

2455 

10*166623 

9*968896 

24 

101 

10*031104 

10*135519 

2447 

9*864481 

13 

H 

M 

00 

9833444 

2657 

10*166556 

9-969023 

26  106 

10*030977 

10*135578 

2649 

9*864422 

10 

30 

68 

51 

9-833512 

2659 

10*166488 

9*969149 

26 

no 

10*030851 

10-135637 

2651 

9*864363 

8 

2 

30 

54 

9*833580 

276i 

10*166420 

9969276 

27 

114 

10-030724 

10-135696 

27  53 

9864304 

0 

30 

60 

50 

9833648 

2864 

10*166352 

9*969403 

28 

118 

10*030597 

'o*i35755 

2855 

9-864245 

4 

1 

30 

58 

9-833716 

29  66 

10*166284 

9.969529 

29 

122 

10*030471 

10*135814 

2957 

9864186 

3 

JO 

00 

*a 

9*833783 

30  68 

10-166217 

9*969656 

30 

127 

10*030344 

10*135873 

3059 

9*864127 

0 

0 

/// 

m. 

Cosine 

Part* 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

f  ft 
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gm 
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LOO.  8INB8, 

C08INE8,  &c 

2*  52™                                                      43° 

in 

ia. 

Sine 

Parts 

Cooec. 

Tangent     Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/// 

0 

0 

9**33783 

10*166217 

9*969656 

10030344 

10*135873 

9-864117 

• 

61 

30 

* 

9-833*5" 

1*2 

10*166149 

9-969783 

1' 

'    4 

10*030217 

10*135931 

l"i 

9*864069 

5H 

3D 

1 

4 

9-833910 
9-833986 

«  4 

10-16608 1 

9069909 
9*970036 

2 

8 

10*030091 

10*135900 

*  4 

9*864010 

50 

59 

30 

6 

3    7 

10*166014 

S 

«3 

10*019964 

10*136049 

3   6 

9*863951 

54 

30 

s 

8 

9-834054 

*   9 

10*165946 

9*970162 

4 

17 

10*029838 

10*136108 

4    8 

9*863892 

5* 

58 

30 

10 

9-834121 

611 

10-165878 

9*970289 

6 

21 

10*019711 

10*136167 

5  10 

9863833 

00 

3D 

3 

It 

9-834189 

813 
7  16 

10*165811 

9*970416 

6 

*5 

10*019584 

10*136216 

611 

9*863774 

43 

67 

30 

14 

9-834257 

10*165743 

9*970541 
9*970669 
9*970796 

7 

30 

10*019458 

10*136185 

7  14 

9*863715 

46 

31 

4 

10 

98343*5 

818 

10-165675 

8 

34 

10*029331 

io*  1 36344 

816 

9*863656 

44 

56 

30 

18 

9'83439* 

9 10 

10*165608 

9 

38 

10*029204 

10-136403 

9i8 

9*863597 

« 

31 

5 

30 

no 

22 

9-834460 

10 11 
U15 

10*165540 

9*970911 

10 
11 

4* 
46 

10*019078 

10-136461 

10 10 
11 11 

9*863538 

40 
31 

55 

31 

98345*7 

10-165473 

9-971049 

10*018951 

10-136522 

9-863478 

0 

24 

9^34595 

12 17 

10*165405 

9971175 

12 

5» 

10*018815 

10*136581 

1824 

9863419 

30 

54 

30 

20 

9*834662 

13  29 

10*165338 

9*971301 

13 

55 

10*018698 

10*136640 

13  26 

9*863360 

34 

31 

7 

28 

9-834730 

U31 

10-165270 

9*9714*9 

14 

59 

10*028571 

10-136699 

14  18 

9*863301 

32 

53 

30 

30 

9*834797 

16  34 

10*165203 

9-97-555 

15 

63 

10*018445 

10*136758 

1530 

9863242 

30 

31 

8 

3? 

9-834865 

I636 

10*165135 

9*971681 

16 

68 

10*018318 

10*136817 

16  31 

9*863183 

18 

52 

30 

34 

9-834931 

17  38 

10*165068 

9*971808 

17 

7* 

10*028192 

10-136876 

-7  33 

9*863124 

16 

31 

9 

30 

9*834999 

I841 

10*165001 

9-971935 

18 

76 

10*028065 

10*136936 

18  35 

9*863064 

14 

61 

30 

38 

9835067 

1943 

10*164933 

9-971061 

19 

80 

10*027938 

10-136995 

1937 

9-863005 

•22 

39 

10 

30 

40 

42 

9835134 

20  45 
2147 

10*164866 

9-971188 

20 
2) 

84 
89 

10-027&J2 

10-137054 

2039 
21  41 

9*861946 

-20 
IS 

50 

30 

9*835201 

10-164799 

9-971315 

10*017685 

10*137113 

9861887 

11 

44 

9835269 

2249 

10*164731 

9-971441 

22 

93 

10*017559 

10*137173 

2243 

9-861817 

10 

49 

30 

40 

9-835336 

23S2 

10*164664 

9-971568 

23 

97 

10*017431 

10*137232 

2345 

9861768 

14 

39 

IS 

4H 

9-835403 

2454 

10*164597 

9-97*695 

24 

I'M 

10*017305 

10*137291 

2447 

9*861709 

12 

48 

30 

50 

9-835471 

2556 

10*164529 

9-97*811 

28 

IO5 

10*017179 

10*137350 

25  49 

9-861650 

10 

30 

13 

52 

9835538 

2658 

10*164462 

9-97*948 

28 

IIO 

ro  017052 

10*137410 

2651 

9*861590 

8 

47 

30 

51 

9-835605 

276i 

10*164395 

9-973074 

17 

114 

10*026926 

10*137469 

27  53 

9*862531 

6 

30 

14 

50 

9-835671 

2863 

10*164328 

9973101 

28 

lit 

10*026799 

10*137529 

2855 

9*86247 1 

4 

4C 

30 

55 

9*835739 

2965 

10*164261 

9*9733*7 

2J 

111 

10*026673 
10-026546 

10*137588 

2957 

9*862412 

2 

31 

U 

•s 

2 

9*835807 

30  68 

10*164193 

9*973454 

SO 

Il6 

10*137647 

3050 

9862353 

y 

5S 

45 

30 

30 

9*835874 

1    2 

10*164126 

9-973581 

1 

4 

10*026419 

10*137707 

1  1 

9*862293 

16 

4 

9-83594I 
9-836008 

•  4 

10*164059 

9-973707 

s 

8 

10*026293 

10*137766 

2   4 

9*862234 

50 

44 

30 

6 

3   7 

10*163992 

99738H 
9-973960 

3 

•3 

10*026166 

10-137826 

3    6 

9-862174 

54 

30 

17 

B 

9-836075 

*   9 

10*163925 

4 

17 

10*026040 

10*137885 

4    8 

9*862115 

52 

43 

30 

10 

9*836141 

611 

10*163858 

9*974087 

5 

11 

10*015913 

10*137945 

5  10 

9-862055 

50 

31 

18 

It 

9*836109 

813 

10*163791 

9*974113 

6 

*5 

10*025787 

10*138004 

6  11 

9*861996 

48 

42 

30 

14 

9-836276 

7  16 

10*163724 

9*974340 

7 

30 

10*015660 

10*138064 

7i4 

9*861936 

46 

30 

19 

10 

9836343 

818 

10*163657 

9-974466 

8 

34 

10*015534 

10*138123 

816 

9-861877 

44 

41 

30 

18 

9*836410 

920 

10*163590 

9*974593 

9 

38 

10*025407 

10*138183 

9i8 

9*861817 

42 

30 

10 

30 

•20 
•22 

9-836477 

10  22 

1125 

10*16^523 

9-974710 

10 
11 

4* 

46 

10-025280 

10*138242 

10 10 
till 

9861758 

40 
38 

40 

30 

9836544 

10*163456 

9*974846 

10*025154 

10*138302 

9861698 

21 

14 

9*836611 

1227 

10*163389 

9-974973 

12 

5* 

10*025017 

10-138362 

1214 

9-861638 

30 

39 

30 

20 

9*836678 

1319 

10*163322 

9-975099 

13 

55 

10*024901 

10*138421 

1326 

9-861579 

31 

30 

22 

in 

9-836745 

1431 

10*163255 

9-975216 

14 

59 

10-024774 

10*138481 

14  28 

9*861519 

32 

38 

30 

30 

9*836811 

1533 

10-163188 

9*97535* 

15 

63 

10-024648 

10*138541 

1530 

9*861459 

30 

30 

23 

3*2 

9*836878 

16  36 

10*163122 

9*975479 

16 

68 

10*024521 

10-138600 

16  32 

9*861400 

28 

37 

30 

31 

9836945 

17  38 

10*163055 

9-975605 

17 

7* 

10-024395 

10-138660 

17  34 

9*861340 

26 

30 

24 

30 

9-837012 

18  40 

10*162988 

9*97573* 

18 

76 

10*024268 

10-138720 

18  36 

9861280 

24 

3fi 

30 

38 

9*837079 

194* 

10*162921 

9*975858 

19 

80 

10*024142 

10-138779 

1938 

9*86122; 

22 

ss 

25 

8(1 

40 
42 

9*837146 

2045 
•2147 

10*162854 

9*975985 

20 
21 

84 
89 

10*024015 

10*138839 

20  40 

21  42 

9-861161 

20 
18 

35 

30 

9*837212 

10-162788 

9-976111 

10*023889 

10*138899 

9*86iioi 

20 

44 

9-837279 

2249 

10*162721 

9'976*38 

22 

93 

10*023762 

10*138959 

2244 

9*861041 

16 

34 

3') 

40 

9*837346 

2352 

10*162654 

9-976364 

23 

97 

10*023636 

10*139019 

2346 

9*860981 

14 

30 

27 

44 

9*837412 

W54 

10-162588 

9976491 

24 

101 

10*023509 

10*139078 

2448 

9*860922 

12 

33 

30 

50 

9-837479 

2556 

10*162521 

9*976617 

25 

105 

10-023383 

10*139138 

2550 

9*860862 

10 

30 

28 

52 

9-837546 

2658 

10*161454 

9-976744 

26 

no 

10-023256 

10-139198 

2652 

9*860802 

8 

32 

30 

54 

9*837612 

2760 

10*162388 

9-976870 

27 

114 

10*023130 

10*139258 

27  54 

9*860742 

6 

30 

20 

5A 

9*837679 

2863 

10*162321 

9*976997 

28 

118 

10*023003 

10-139318 

2856 

9-860682 

4 

31 

30 

58 

9*837746 

2965 

10*162254 

9-977113 

29 

122 

10-022877 

10-139378 

29  58 

9*860622 

2 

30 

30 

5ft 

9*837812 

3O67 
Parte 

10*162188 

9-9772^0 

30 

126 

10-022750 

io*  119438 

30  6o 

9860562 

0 

30 

/  // 

m. 

Cosine 

Secant 

Cotang. 

Parte 

Tangent 

Cooec. 

Parts 

Sine 

m. 

in 

4f>°                                                         :)h  li- 

TABLE 
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LOG.  SINES, 

COSINES,  &c. 

2h  54m                                          !J                430 

/// 

■ft. 

•• 

8ine 

Parte 

Cooec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

a. 

/  // 

30 

0 

9*837811 

10*162188 

9*977250 

10*022750 

10-139438 

9*860562 

• 

30 

39 

3 

9*837879 

l"i 

10*162121 

9*977377 

I' 

'    4 

10*022623 

10-139498 

1"2 

9*860502 

58 

30 

SI 

4 

9**37945 

2  4 

10*162055 

9'977503 

2 

8 

10*022497 

10-139558 
10-139618 

2  4 

9*860442 

50 

29 

30 

0 

9*838012 

3   7 

10*161988 

9-977630 

3 

13 

10*022370 

3   6 

9*860382 

54 

30 

32 

8. 

9*838078 

**   9 

10*161921 

9-977756 

4 

17 

10*022244 

10*139678 

4    8 

9*860322 

52 

28 

30 

10 

9*838145 

5u 

10-161855 

9-977882 

5 

21 

10*022118 

10-139738 

5  10 

9*860262 

50 

30 

33 

1* 

9*838211 

813 

10-161789 

9*978009 

6 

*5 

10*021991 
10*021865 

10*139798 

612 

9*860202 

48 

27 

30 

14 

9*838178 

7i5 

10*161722 

9'97*i35 

7 

30 

10*139858 

7  14 

9*860142 

40 

30 

34 

10 

9**3*344 

817 

10*161656 

9*978262 

8 

34 

10*021738 

10-139918 

816 

9*860082 

44 

26 

30 

18 

9838410 

9  20 

10*161590 

9978388 

9 

3* 

10*021612 

10*139978 

9  18 

9*860022 

42 

30 

3ft 

30 

90 
33 

9-838477 

10  22 

11  24 

10*161523 

9-978515 

10 

11 

4* 
46 

10*021485 

10*140038 

10  20 

11  22 

9*859962 

40 
38 

25 

30 

9-838543 

10-161457 

9*978641 

10*021359 

10*140098 

9*859902 

36 

S4 

9*838610 

12  27 

10*161390 

9*978768 

12 

51 

10-021232 

10*140158 

1224 

9*859842 

36 

24 

30 

10 

9-838676 

13  29 

10-161324 

9978894 

13 

55 

10*021106 

10*140219 

13  26 

9*859781 

34 

30 

37 

38 

9838742 

143I 

10*161258 

9*979021 

14 

59 

10*020979 

10*140279 

14  28 

9*859721 

33 

23 

30 

30 

9*838808 

15  33 

10*161192 

9*979>47 

15 

63 

10*020853 

10*140339 

1530 

9*859661 

36 

30 

38 

33 

9-838875 

1835 

10-161125 

9*979274 

16 

67 

10*020726 

10*140399 

16  32 

9*859601 

38 

22 

30 

34 

9838941 

17  37 

10*161059 

9-979400 

17 

7* 

10*020600 

10*140459 

17  34 

9*5954* 

30 

30 

39  - 

30 

9*839007 

I840 

10*160993 

9*9795*7 

18 

76 

10*020473 

10*140520 

18  36 

9*859480 

34 

21 

30 

38 

9-839073 

1942 

10*160927 

9979653 

19 

80 

10*020347 

10*140580 
10*140640 

1938 

9*859420 

32 

30 

44 

40 
43 

9-839140 

2044 
2146 

io- 1 60860 

9.979780 

20 
21 

*4 
*9 

10*020220 

20  40 
2142 

9*859360 

30 
18 

20 

30 

30 

9*839106 

10*160794 

9-979906 

10*020094 

io- 140700 

9*859300 

41 

44 

9-839272 

2248 

10*160728 

9-980033 

22 

93 

10*019967 

10*140761 

2244 

9*859239 

10 

19 

30 

40 

9839338 

2351 

10*160662 

9980159 

28 

97 

10*019841 

10*140821 

2346 

9-859179 

14 

30 

43 

48 

9-839404 

2453 

10*160596 

9*980286 

94 

101 

10*019714 

10*140881 

2448 

9859119 

12 

18 

30 

50 

9-839470 

2555 

10*160530 

9*980412 

2ft 

105 

10*019588 

10*140942 

2550 

9*859058 

10 

30 

43 

S3 

9-839536   2657 

10*160464 

9980538 

36 

110 

10*019462 

10*141002 

2652 

9-858998 

8 

17 

30 

54 

9*839601 

27  6o 

10*160398 

9*980665 

27 

114 

10*019335 

10*141063 

27  54 

9**5*937 

0 

30 

44 

80 

9839668 

2862 

10*160332 

9*980791 

28 

118 

10*019209 

10*141123 

2856 

9*5**77 

4 

16 

30 

58 

9*839734 

2964 

10*160266 

9*980918 

39 

122 

10*019082 

10*141183 

29  58 

9-858817 

3 

30 

43 

30 

ss 

3 

9*839800 

30  66 

10*160200 

9*981044 

30 

126 

10*018956 

10*141244 

30  6o 

9-858756 

5 

58 

15 

30 

9*839866 

1    2 

10*160134 

9*9*1171 

1 

4 

10*018829 

10-141304 

1     2 

9-858696 

49 

4 

9*839932 

3  4 

10*160068 

9*981297 

t 

8 

10*018703 

10*141365 

a  4 

9*858635 

to 

14 

30 

0 

9-839998 

3    7 

10*160002 

9981424 

3 

13 

10*018576 

10-141425 

3   6 

9*5*575 

54 

30 

47 

8 

9*840064 

4   9 

10-159936 

9-981550 

4 

17 

10018450 

10*141486 

4    8 

9*858514 

53 

13 

30 

10 

9*840130 

5ll 

10*159870 

9-981677 

5 

21 

10-018323 

10*141546 

5  10 

9-858454 

50 

30 

48 

13 

9*840196 

613 

10-159804 

9*981803 

6 

*5 

10-018197 

10*141607 

612 

9*858393 

48 

11 

30 

14 

9*840262 

715 

10-159738 

9*981929 

7 

29 

10*018071 

10*141668 

714 

9-858332 

40 

SI 

49 

10 

9*840328 

817 

10*159672 

9*982056 

8 

34 

10*017944 

10*141728 

816 

9-858272 

44 

11 

30 

18 

9840393 

920 

10*159607 

9*982182 

9 

3* 

10*017818 

10*141789 

9  18 

9-858211 

43 

30 

50 

30 

30 
33 

9*840459 

10  22 

U24 

10*159541 
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21714 

26256 

30572 

34683 

37 

30 

80889 

88050 

94665 

7*008 11 

06551 

1 1934 

17003 

21792 

26330 

30642 

3475° 

38 

46 

81013 

88i4£ 

94771 

7*00910 

06643 

1202 1 

17085 

21869 

26403 

30712 

348i7 

39 

10  0 

81137 

88279 

94877 

7*01009 

06736 

12108 

17167 

21947 

26477 

30782 

34884 

40 

16 

81261 

88393 

94983 

7*01107 

06828 

12195 

17*49 

22024 

26550 

30852 

34950 

41 

30 

81385 

88507 

95089 

7*01206 

06920 

12282 

17331 

22102 

26624 

30922 

35oi7 

42 

46 

81509 

88621 

95'94 

7*01304 

07013 

12368 

1741* 

22179 

26697 

30992 

35084 

43 

11  0 

81632 

88735 

95300 

7*01403 

07105 

1*455 

17494- 

22256 

26771 

31062 

35i5o 

44 

15 

81756 

88848 

95405 

7*01501 

07196 

1*541 

17575  **333  26844 

31131 

35*17 

45 

30 

81879 

88962 

95510 

7-01599 

07288 

12627 

17657 

1241 1 

26917 

31201 1 35283 

40 

46 

82002 

89075 

95615 

7*01697 

07380 

1*714 

17738 

22488 

26990 

31271 J  35350 

47 

12  0 

82124 

89188 

95720 

7*01795 

07472 

12800 

17820 

22565 

27063 

31340  35416 

48 

16 

82247 

8930.  958x5 

7*oi8q2 

07563 

12886 ;  1 7901 {22642 

27137 

31410I 35482 

49 

30 

82369 

89414 

95930 

7*01990 

07655 

12972 

17982 

22719 

27210 

31479 

35549 

60 

46 

82492 

89527 

96034 

7*02088 

07746 

13058 

18063 

22795 

27282 

31549 

35615 

51 

13  0 

82613 

89639 

96139 

702185 

07837 

13144 

18144 

22872 

*7355 

31618 

3568i 

62 

15 

82735 

89752 

96243 

7*02282 

07928 

13229 

18225 

22949 

27428 

31687 

35747 

63 

30 

82857 

89864 
89976 

96347 

7*02379 

08019 

13315 

18306 

23025 

27501 

31757 

358i3 

64 

46 

82979 

96451 

7*02476 

081 10 

13401 

18387 

23102 

*7573 
27646 

31826 

35879 

66 

14  0 

83100 

90088 

96555 

7*02573 

08201 

13486 

1846S 

23178 

31895 

35945 

66 

16 

83221 

90200 

96659 

7*02670 

08292 

13572 

18548 

*3*55 

27719 

31964 

3601 1 

67 

30 

83341 

90312 

96763 

7*02767 

08383 

13657 

18629 

*333' 

27791 

3*033 

36077 

68 

46 

83463 

9°4*3 

96865 

7*02864 

08473 

1374* 

18709 

23407 

27864 

32102 

36143 

69 

1 

830 
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5° 

6° 

7° 

8° 

K. 

30' 

45 

0/ 

1*' 
0*25- 

w 

45' 

0'  |  15' 

30' 

45' 

0»«22«  0H3- 

0h24"1 

C1**" 

0»27" 

Qh&HohSO- 

0*30" 

0*31* 

O^SS- 

0  0 
15 
30 
46 

1  0 
16 
30 
46 

2  0 
16 

7* 

36209 

36274 

36340 

36406 

36471 

36537 

36602 

36668 

36733 

367J8. 

7" 

40067 
40129 
40192 

40*55 
40318 
40380 

40443 
40506 
40J68 
40631 

4376o 
438*o 
43880 

4394' 
44001 
44061 
44121 
44181 

44*4' 
44301 

r 

4730* 

47360 

474  ■* 
47476 
47533 
47591 
47649 
47707 
47764 
478*1 

r 

50761 
50817 
50871 
509*8 
50983 
5IO39 
51094 
51149 
51205 

V 

53980 
5*034 
54087 

54'4i 
54'94 
54*47 
543oi 
54354 
54407 
5446i 

T 

57135 

57i87 

57*38 

57190 

5734' 
57393 

5749* 
57547 
575?* 

V 

60179 
60119 
60179 

t$ 

60418 
60478 

60517 
60577 
60617 
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63120 

63168 

63216 

63264 

63312 

63360 

63408 

63456 

63504 

6355* 

r 

65964 

660 1 1 

66057 

66103 

66150 

66196 

66243 

66189 

66336 

66381 

7* 

6*717 

68762 

68807 

68852 

68897 

68942 

68987 

69032 

69077 
69122 

e 
1 

1 
3 

4 

6 
7 
8 
9 

30 
46 

3  • 

16 
30 
46 

4  0 
16 
30 
45 

36864 
36929 

3*99* 
37059 
37'*4 
37189 

37*54 
373'9 
373*4 
37449 

4069J 
40756 
40818 
40880 

40943 
41005 
41067 
411*9 
41191 
41*53 

44361 

444*o 
4448o 
44540 
44600 

44659 
44719 

44779 
44838 
44898 

47879 
47936 
47994 
48051 

48  too 

48166 
48113 
48280 

48337 
48395 

51260 

5'3'5 
5'37© 
51426 
514*1 
5"536 

51646 
51701 
51756 

545  «4 

54J67 
54610 

54673 
547*7 
5478o 
54*33 
54*86 

54939 
5499* 

57650 
57701 
5775* 
57804 
57855 
57906 

57957 
58008 
58060 
5S111 

60676 

60716 
60775 
60815 
60874 
60914 

60973 
61022 
61072 
61121 

63600 
63648 
63696 

63744 
63791 

63839 
63887 

63935 
63983 
64030 

66419 

66475 
66521 
66568 
66614 
66660 
66700 
66753 
66799 
66845 

69167 
69212 
69257 
69302 

69347 
69391 

69437 
69481 
69526 
69571 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

6  0 
16 
30 
46 

•  0 
16 
30 
46 

7  o 
16 

375'4 
37579 
37043 
37708 
3777* 
37*37 
37902 
37966 
38030 
38095 

4'3'5 
41377 
41439 
41501 

41563 
41625 
41686 

4«74* 
41810 
41871 

44957 
45016 
45076 
45"35 
45 '94 
45*54 
45313 
4537* 
4543' 
45490 

4845* 

$$ 

486*3 
4*680 

48737 
48794 
48850 

48907 

4*9*f 

51811 
51866 
$1921 

5 '975 
5*030 
52085 
52140 
5*»94 
5**49 
5*104 

55045 
55097 
55'5o 
55*oj 
55*56 
5530* 
5536« 
554H 
55467 
555'9 

58161 
58113 
58164 

5$ 

58416 

5M7 
58518 

58569 
58620 

61170 
61220 
61269 
61318 
61367 
61417 
61466 

Vsls 

61564 
61613 

64078 
64116 
64173 
64111 
64169 

643'i 
64364 
64411 
64458 
64506 

66891 

66937 
66983 
67029 

67075 
67121 
67167 
67213 
67259 
67305 

69616 
69660 
69705 
69750 

69794 
69839 
69883 
69928 
69972 
70017 

99 

SI 
22 
S3 
24 
S5 
96 
S7 
38 
29 

30 
46 

8  0 
15 
30 
45 

9  0 
16 
30 
46 

3»"59 
38223 
38288 

3*35* 
38416 
38480 

38544 
38608 
38672 
38736 

4«933 
4'994 
42056 
42117 
42179 
42240 
42301 
4*363 
4*4*4 
4*485 

45549 
45608 

45667 
457*6 
457*5 
45844 
45903 
4596* 
46010 
46079 

49011 
49077 
49»34 
49191 

49*47 
49304 
49360 

494'7 
49473 
49530 

5*35* 
5*4'3 
5*467 
51511 
5*576 
52631 
5*685 
5*739 
5*794 
5*M 

$557* 
55**4 

55677 
557*9 
5578* 
55834 
55887 
5<939 
5599* 
56044 

58670 

58711 
58772 
58823 
58873 
589*4 
58974 
590*5 
59075 
59126 

61662 
61711 
61760 
61809 
61858 
61907 
61955 
61004 
62053 
62102 

64553 
64601 

64648 
64695 

64743 
64790 
64837 
64885 
64931 
64979 

6735' 
67397 
67443 
67489 

67535 
67580 
67626 
67672 
67717 
67763 

70061 
70106 
70150 
70195 
70239 
70283 
70328 
70371 
70416 
70461 

30 

32 
33 

3* 
35 
36 
37 
38 
39 

10  0 
15 
30 
46 

11  0 
15 
30 
45 

12  0 
15 

38800 
38863 
38927 
38991 

39°54 
39118 
39182 

39*45 
39309 

39371 

41546 
42607 
42668 
42729 
42790 
42851 
41911 
4*973 
43034 
43095 

46138 
46196 

46*55 
46313 
46371 
46430 
4M9 
46547 
46605 
46664 

49586 
49642 
49699 

49755 
498 1 1 

49867 
499*3 
49979 
50036 
50092 

51901 
51956 
5301 1 
53065 
53"«9 
53'73 
53**7 
53281 

53335 
533*9 

56096 
56148 
56201 
56*53 
56305 
56357 
56409 
56461 

565»3 
56565 

59176 
59**7 
59*77 
593*7 
59378 
594*8 
59478 
595*9 
59579 
59629 

62151 
61199 
61248 
61297 
6*345 
6*394 
62442 
61491 
62540 
62588 

65016 
65073 
65110 
65167 
65114 
65161 
65308 

65355 
65402 
65449 

67809 
67854 
67900 
67946 
67991 
68037 
68082 
68128 

68173 
6S219 

70505 
70549 
70593 
70638 
70682 
70726 
70770 
70814 
70858 
70902 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
46 

13  0 
16 
30 
45 

14  0 
1) 
30 
46 

39435 
39499 
39562 

396*5 
39688 

3975* 

39815 
39878 
39941 
40004 

43 '55 
43116 

43*77 
43337 
43398 
43458 
43  5 '9 
43579 
43639 
437oo 

46721 
46780 
46838 
46896 
46955 
47013 
47071 
47129 
47 '87 
47*45 

50148 
50204 
5o*59 
503 '5 
50371 
50417 
50483 
50539 
50594 
^0650 

53443 
53497 
5355° 
53604 
53658 
537i* 
53765 
53819 

53873 
53926 

56617 
56669 
56721 

56773 
56825 
56876 
56928 
56980 
57032 
57083 

59679 
597*9 
59779 
59**9 
59879 
599*9 
59979 
60029 
60079 
60129 

61636 
61685 

62733 
62781 
62830 
62878 
62927 

6*975 
63023 
63071 

65496 
65543 
65590 

65637 
65683 

65730 
65777 
658*4 
65870 
65917 

68264 
68309 

68355 
68400 

68445 
68491 
68536 
68581 
68627 
68672 

70946 
70990 
71034 
71078 
71121 

•»n66 
,1210 

7'*54 
71198 

7IH1 

50 
61 
62 
63 
54 
56 
66 
67 
58 

1 

D. 
D 

64.  I 
45.  1 

'art*  4 
'arts  3 

r  3- 

9  «3 
6  9  1 

4'  5'  € 

[7  21  2 
2  15  1 

'  7*  8 

6  30  3' 

8  21  2i 

*  9'  10 

\   3*  43 
\  *7  3c 

47  5 
33  3 

r  i3# 

6  3? 

14*  15* 

60  64 
4*  45 
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8° 

9° 
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0 
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0 
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9 

15' 
0*33» 
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46' 

0* 
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45' 

o7 

15' 

,W  1  45' 

0*34" 

0*35" 

0*36" 

0*37" 

0»»38« 
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0*40" 

0*41" 
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0*43"" 
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16 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

V 

71385 

7»4*9 

7H73 

71516 

71560 

71604 

71648 

71691 

71735 
71778 

V 

73974 

74016 

74059 
74101 

74143 
74i?6 

74**8 
74271 
74313 
74355 

V 

76487 
76528 
76569 

76610 
76652 

76693 
76734 
76775 
76816 

76857 

V 
78929 

78969 
79009 
79049 
79089 
79129 
79169 
79*o9 
79H9 
79289 

r 

81303 

81342 

81382 

81421 

81459 

81498 

81537 

81576 

81615 

81654 

83615 

83653 
83691 
83729 

83767 
83804 

8384* 
83880 
83918 
83956 

V 
85866 

85903 
85940 
85977 
86014 
86050 
86087 
86124 
86161 
86198 

V 

88059 

88095 

88131 
88167 
88203 
88239 
S8276 
88312 

88348 
88383 

V 

90198 

90234 

90269 

90304 

90339 
90374 
90409 

90445 
90480 

90515 

V 

92286 

92320 

9*354 

92389 

924*3 

9H57 

92492 

92526 

92560 

9*595 

7" 

943*4 

94357 

9439 1 

944*4 

94458 

9449' 

945*5 

94558 

94592 

94625 

30 
46 

3  0 
15 
30 
45 

4  0 
15 
SO 
46 

7182a 
71866 
71909 

7>953 
71996 
72040 
72083 
72126 
72170 
72213 

74398 
74440 

744** 
745H 
745*7 
74609 
74651 
74693 

74735 
74777 

76898 
76940 
76981 

770*2 
77063 
77104 
77H5 
77i86 
77227 
77267 

793*9 
79369 
79409 
79449 
79489 
795*9 
79568 
79608 
79648 
79688 

81693 
81732 

81771 
81810 
81848 
81887 
81926 
81965 
82003 
82042 

83994 
84032 
84070 
84107 
84145 

84183 
84221 

84*58 
84296 

84334 

86235 
86272 
86309 
86346 
86382 
86419 
86456 

86493 
86530 
86566 

88419 

88455 
88491 
88527 
88563 
88599 
88635 
88671 
88707 
88742 

90550 

90585 
90620 

9o655 
90690 

90725 
90760 

90795 
90830 
90865 

92629 
92663 

9*697 
92731 
92766 
92800 
92834 
92868 
92902 
92936 

94659 
94692 

947*6 

94759 
94792 
94826 

94859 
94892 

949*6 

94959 
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11 
12 
13 
14 
15 
16 
17 
18 
19 

6  0 
15 
30 
46 

8  0 
15 
30 
46 

7  0 

15 

72257 
72300 
72343 
72387 
7*43° 
72473 
72516 
72560 
72603 
72646 

74819 
74861 

74904 
74946 
74988 
75030 
75072 
75"4 
75155 
75197 

77308 
77349 
7739° 
77431 
7747* 
77513 
77553 
77594 
77635 
77676 

79728 
79767 
79807 

79847 
79886 
79926 
79966 
80005 
80045 
80085 

82081 
82119 
82158 
82197 
82235 
82274 
82313 

82351 
82390 
82428 

84372 
84409 
84447 
84484 
84522 
84560 
84597 
84635 
84672 
84710 

86603 
86640 
86676 
86713 
86750 
86786 
86823 
86860 
86896 
86933 

88778 
88814 
88850 
88885 
88921 

88957 
88993 

89C28 
89064 
89100 

90900 
90935 
90970 
91005 
91039 
91074 
91109 
91 144 
91179 
91214 

92970 
93005 
93039 
93073 
93107 

93Hi 
93175 
93209 
93243 
93277 

9499* 
95026 

95059 
95092 
95126 

95159 
95192 

95**5 
95*59 
95292 

20 
21 
22 
23 
24 
25 
20 
27 
28 
29 

30 
46 

8  0 
15 
30 
45 

9  0 
16 
30 
46 

72689 

72732 

72775 
72818 
72861 
72904 
72947 
72990 

73033 
73076 

75239 
75281 

753*3 
753*5 
75407 
75448 
75490 
75532 
75574 
756i5 

77716 
77757 
77798 
77838 

77879 
77920 
77960 
78001 
78041 
78082 

80124 
80164 
80203 
80243 
80282 
80322 
80361 
80401 
80440 
80480 

82467 
82505 
82544 
82582 
82621 
81659 
82698 
82736 
82774 
82813 

84747 
84785 
84822 
84860 
84897 

84935 
84972 
85010 

85047 
85084 

86969 
87006 
87042 
87079 

87115 

87152 
87188 
87225 
87261 
87298 

89135 
89171 

89207 

89242 
89278 

89314 
89349 

89385 
89420 

89456 

91248 
91283 
91318 
91353 
91387 
9H22 
9H57 
91492 
91526 
91561 

933" 
93345 
V3379 
93413 
93447 
9348o 
935H 
93548 
93582 
93616 

953*5 
95358 
95391 
954*4 
95458 
9549' 
955*4 
95557 
9559° 
95623 

30 
31 
32 
33 
34 
35 
38 
97 
38 
39 

10  0 
16 
30 
45 

11  0 
15 
30 
46 

12  0 
15 

731*9 
73162 

73205 
73148 

73291 
73334 
73377 
73419 
73462 

73505 

75657 
75699 
75740 
75782 

758*4 
75865 

759°7 
75948 

7599° 
76031 

78122 
78163 
78203 
78244 
78284 
783*5 
78365 
78405 
78446 
78486 

80519 
80558 
80598 
80637 
80677 
80716 
80755 

80794 
80834 
80873 

82851 
82889 
82928 
82966 
83004 
83043 
83081 

83119 

83157 
83196 

85122 

85159 
85196 

85234 
85*71 
85308 
85346 

85383 
85420 

85457 

87334 

87371 
87407 
87443 
87480 

87516 
87552 
87589 
87625 
87661 

89491 
89527 

89562 

89598 
89633 
89668 
89704 
89740 
89775 
89810 

91596 
91630 
91665 
91699 

91734 
91769 
91803 
91838 
91872 
91907 

936^0 
03684 
93717 
93751 
93785 
938i9 
93852 
93886 
93920 
93954 

95656 
95689 
'957** 
95755 
95788 
95821 
95854 
95887 
95920 

95953 

40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
45 

13  0 
15 
30 
46 

14  0 
15 
30 
45 

73548 
73590 

73633 
73676 

73718 
73761 
73803 
73846 
73889 
73931 

76073 
761 14 
76156 
76197 
76239 
76280 
76321 
76363 
76404 
76445 

78526 

78567 
78607 
78647 
78688 
78728 
78768 
78808 
78848 
78889 

80912 
80951 
80991 
81030 
81069 
8 1 108 
81147 
81186 
81225 
81264 

83*34 
83272 
83310 

83348 
83386 
83424 

8346* 
83501 

83539 

83577 

85494 
85532 
85569 
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27915 
18129 

•8344 
18558 

8'3 

39404 

39615 

398*7 
40038 

40249 
40460 
40671 
40882 
41093 
41304 

*3 
51990 
51198 
52406 

5*6i4 
51811 
53030 
53*38 
53446 
53654 
?386i 

64392 

64597 
64801 
65007 

65212 

65417 

65622 
66032 

66137 

8-3 

76615 

76817 

77020 

77*11 

774*4 

776i6 

77818 

78030 

78131 

78434 

8- 

388665 

388864 

389064 

389263 

389461 

389661 

389860 

390059 

390*59 

390458 

8'4 

00546 

00741 

00939 

0"35 

01332 

01528 

017*4 
01921 
02117 
0*313 

8-4 
11161 

1*456 
11650 

1*843 
13037 
13*31 
134*5 
13618 
13811 
14005 

8-4 
13818 
124009 
14101 
*439* 
*4583 
*4774 
14965 
15156 
*5347 
*5538 

8'4 

35«8 

35407 

35596 

35784 

35973 

36161 

36350 

36538 

367*7 

36915 

0 

1 
2 
3 
4 
6 
6 
7 
8 
t 

ao 

4ft 

3  0 

1ft 

30 
46 

4  0 
16 
30 

46 

«5«35 

16051 
16169 
16486 
16703 
16920 
17137 
17354 
17571 
17788 

18771 
18986 
19200 
29413 
19617 
19841 
30055 
30168 
30482 
30695 

41515 
41726 
41936 

41147 
41358 
41568 
4*779 
4*989 
43100 
43410 

54070 
54*77 
54485 
54691 

54900 
55107 
55315 
555** 
55730 
55937 

66441 
66646 
66851 

67260 

67464 
67669 

67873 
68077 
68282 

78635 
78837 
79039 
79241 
7944* 
79644 
79845 
80047 
80248 
80450 

390657 
390855 
391054 
39"53 
39H5* 
391651 

391849 
39*048 
39**47 
39*445 

02510 
02706 
02901 
03098 
03*94 
03490 
03686 
03882 
04077 
04273 

14199 
H39* 
14586 

14779 
«497* 
15166 

15359 
1555* 
15745 
15938 

15729 
15920 
26 1 10 
16301 
16491 
16683 
16873 
17064 
*7*54 
*7445 

37104 

37*9* 
37480 
37668 
37857 
38045 
38*33 
384*1 
38609 

38797 

10 
II 
12 
13 
14 
16 
16 
17 
18 
18 

6  0 
16 
30 
46 

6  0 
16 
30 
46 

7  o 
16 

18004 
18221 
18438 
18654 
1887 1 
19087 
19304 
19520 
19736 
«9953 

30909 
31122 

31336 

31549 
31762 

31975 
32189 
31401 
32615 
32828 

43620 
43830 
44041 
44251 
4446i 
44671 
44881 
45091 
45301 
45511 

56144 
56351 
56558 
56765 
56973 
57179 
57386 

57593 
57800 
58007 

68486 
68690 
68894 
69098 
69302 
69506 
69710 

69914 

701 18 

70312 

80651 
80852 
81053 

8i*55 
81456 
81657 
81858 
82059 
82260 
82461 

39*644 
39*84* 
393040 
393*39 
393437 
393635 
393834 
394031 
39423c 
3944*8 

04469 
04665 
04860 
05056 
05252 
05447 
05643 
05838 
06033 
06229 

16131 
16324 
16518 
16710 
16903 
17096 
17*89 
17481 

17674 
17867 

*7635 
17816 
18016 
18106 
18397 
18587 

*8777 
18967 

*9*57 
*9347 

38985 
39173 
3936o 
39548 
39736 
399*4 
401 11 
40199 
40486 
40674 

80 
21 
22 
23 
24 
2ft 
28 
27 
28 
29 

30 
46 

•  0 
16 
30 
46 

0  0 
Ift 
30 
46 

10169 
10385 
10601 
10817 
11033 
11249 
11465 
11681 
11896 
11111 

33041 

33*54 
33466 

33679 
33892 
34105 
34317 
34530 
3474* 
34955 

45720 
45930 
46140 

46349 
46559 
46768 
46978 
47187 
47397 
47606 

58114 
58410 
58627 
58833 
59040 
59*46 
59453 
59659 
59866 
60071 

70526 
70729 
70933 
71137 
71340 
71544 
71747 
71950 
7*154 

7*357 

82661 
82861 
83063 
83*64 
83464 
83665 
83866 
84066 

84*67 
84467 

394626 

3948i4 
395022 
395220 
395418 
3956i5 
395813 
39601 1 
396209 
396406 

06424 
06619 
06814 
07009 
07205 
07400 
07595 
07790 
07985 
08179 

18060 
18151 
18445 
18637 
18830 
19022 
19*14 
19407 
19599 
19791 

*9537 
19717 
19917 
30107 

3o*97 
30487 
30677 
30866 
31056 
31246 

40861 

41049 
41*36 
414*4 
41611 

41798 
41986 

4*173 
41360 

4*547 

30 
31 
32 
33 
34 
36 
38 
37 
38 
30 

10  0 
16 

au 

4ft 

11  0 

Ift 

30 

4ft 

19  0 

1ft 

11318 
"543 
11759 
11974 
13190 

*34«>5 
13610 
13836 
24051 
14166 

35167 
35379 
3559* 

£t 

36228 
36440 
36652 

36864 

37076 

47815 
48025 
48134 

48443 
48652 
48861 

49070 

49*79 
49488 
496?6 

60178 
60484 
60690 
60896 
61 102 
61308 
61514 
61720 
61926 
62132 

74560 
71764 
71967 
73170 
73373 
73576 
73779 
7398* 
74»85 
74387 

84667 
84868 
85068 
85168 
85468 
85668 
85869 
86069 
86169 
86469 

396604 
396801 

396999 
397196 

397394 
397591 
397788 

397985 
398183 
398380 

08374 
08569 

08764 
08959 

09153 
09348 
09542 
09737 
09931 
10126 

19983 

10176 
10368 
10560 
10751 
10944 
11136 
11318 
11519 
11711 

31435 
31615 

31814 

3*004 

3*193 
3*383 
31571 
3*76i 
3*951 
33140 

4*734 
4*9*i 
43108 

43*95 
43482 

43669 
43856 
44043 
44**9 
44416 

40 
41 
42 
43 
44 
4ft 
48 
47 
48 
40 

30 
4ft 

13  0 
Ift 
30 
4ft 

14  0 
16 
30 
4ft 

«448i 

hM 
14911 
15116 

*534" 
*5556 
*577i 
*5985 
26200 
26415 

37*88 
37500 
3771* 
379*4 
38135 
38347 
38558 
38770 
38981 
39193 

49905 
501 14 

503*3 
5053  > 
50740 

50948 
5"57 

51365 

51573 
51781 

61338 

6i543 
61749 
61954 
63160 
63365 

63571 
63776 

63981 
64187 

7459° 
74793 
74996 
75198 
75401 
75603 
75806 
76008 
76211 
7641J 

86668 
86868 
87068 
87168 
87468 
87667 
87867 
88066 
88166 
88465 

398577 
398774 
398971 
399168 

399365 
39956i 
399759 
399955 
400151 

400349 

10320 

10515 
10709 
10963 

"097 
1 1291 
1 1486 
11680 

"874 
11068 

11903 

**478 
11669 
11861 
13053 
*3*44 
*3435 
13617 

333*9 
335i8 
33707 
33896 
34085 
34*74 
34463 
3465* 
34841 
35030 

44603 
44789 
44976 
45162 

45349 
45535 
457** 
45908 

46095 
46181 

60 
61 
52 
63 
64 
66 
68 
87 
68 
68 

D.  2H 

r.   I»«r( 

r  9 
■  14  1 

la   12  2 

-  3'  4 

9  43  58 
5  37  5f 

'  ft'  C 

72  86 
>  62  75 

r   o*  sr  10'  ir  12-  1: 

joi  115  130  144  158  173  i! 
87  100  in  125  137  150  16 

Y   14* 

7  202 
*  i/5 

116 

187    | 
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LOG.  SINE  SQUARE                       ] 

19> 

20° 

21° 

t. 

• 
1 
2 
3 
4 
5 
6 
7 
8 
0 

1ft' 

1  30' 

45' 

(K 

15' 

30' 

45' 

0' 

15' 

30' 

45' 

ihi7* 

|IM8«» 

lblf- 

|h  20"* 

l*  21- 

l««22* 

lb23« 

l"«4- 

1»25« 

1*26- 

1*27* 

0  0 
15 
90 
4) 

1  0 
15 
30 
45 

2  0 
15 

S-4 

46467 

46653 

46839 

47026 

47212 

4739* 

475*4 

47770 

47956 

48142 

*'4 

575*8 

5775* 

57935 

58119 

5*303 

5*4*6 

58670 

5**53 
59037 
59220 

84 

6*5*4 

68706 

68887 
69068 
69250 
69431 
69612 
69793 
69975 
70156 

8-4 

79340 

79520 

79699 
79*7* 
80057 
80235 
80414 
80593 
8077* 
80951 

8- 

490019 

490196 

490373 

490550 

490726 

490903 
491080 

491*56 
491433 
491609 

*'5 

00564 

00/39 

00914 

01088 

01263 

oi437 
01612 
01786 
C1961 
0*135 

8-5 
10979 
11151 
11324 

11496 
1 1669 
11841 
12013 
12186 
12358 
1253c 

8'5 

21266 

21436 

21607 

21777 

21947 

22118 

22288 

22458 

22628 

22798 

*5 

3H*9 
31597 
31765 
3'934 
32102 
32270 

3*43* 
32606 

3*774 
32942 

*5 

4H7o 

41636 

41802 

41968 

4*135 

42301 

42467 

42633 

4*799 
42965 

8'5 

5139* 

51556 

51720 

51885 

52049 

52213 

5*377 
52542 
52706 
52870 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
4.-1 

4*3*7 
4*5*3 
48699 
48885 

49°7<> 
49256 

4944* 
49627 
49813 
49998 

59404 
595*7 
5977 « 
59954 
60137 
60320 

60687 
60870 
61053 

70337 
70518 
70699 
70880 
71061 
71241 
71422 
71603 

717*4 
71964 

81130 
81308 
81487 
81606 

81844 
82023 
82201 
82380 
82558 
**737 

491786 
491962 
492139 

49*315 
492492 
492668 

49*844 
493021 

493«97 
493373 

02309 

o*4*3 
02658 
02832 
03006 
03180 

03354 
03528 
03702 
03876 

12702 
1*874 
13047 
13219 
13391 
13563 
13735 
13906 
14078 
H*5o 

.22968 
23138 
23308 
23478 
23648 
23818 
23988 
24158 
243*8 
24498 

33"i 
33*78 
33446 
33614 
33782 
33950 
34ii8 
34**6 

34454 
34621 

43131 
43*97 
43463 
436*9 
43795 
43961 
44127 
44*93 
44459 
446*4 

53034 
53198 
53362 
535*6 
53690 
53854 
54018 
54182 
54346 
54509 

10 
11 
12 
13 
14 
16 
10 
17 
18 
19 

5  0 
15 
30 
4ft 

6  0 
15 
30 
45 

7  0 
15 

50184 
50369 
50554 
50740 
50925 
51  no 

5**95 
51480 
51666 
51851 

61236 
61419 
61602 
61785 
61968 
62150 

62516 
62699 
62881 

7* '45 
72326 
72506 

7*6*7 
72868 
73048 
73*** 
73409 
735*9 
73769 

82915 
83093 
83272 
83450 
83628 
83806 
83985 
84163 
84341 
84519 

493549 
493725 

493901 
494077 
494*53 
4944*9 
494605 
494781 
494957 
495133 

04050 
04224 
04398 
04572 
04746 
04919 

05093 
05267 

05441 
05614 

14422 

14594 
14766 

H937 
15109 
15281 

1545* 
15624 

15795 
15967 

24667 

*4837 
25007 
25176 
25346 

*55i5 
25685 

*5854 
26024 
26193 

34789 
34957 
351*4 
35292 

35459 
35627 
35795 
35962 
36129 
36*97 

4479° 
44956 
45i*i 
45*87 
45453 
45618 

45784 
45949 
46115 
46280 

54673 
54837 
55001 

55i64 
553*8 
55491 
55655 
55819 

56146 

20 
21 
22 
23 
24 
25 
20 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

51036 
52221 
52406 
52591 

5*775 
52960 

53**5 
53330 
535»5 
53*?? 

63064 

63247 
63429 
63612 
63794 
63976 
64160 
6434" 
645*4 
64706 

73950 
74130 
74310 

74490 
74671 

74*5  « 
75031 
75211 

7539» 

75571 

84697 

84875 
85053 
85231 
85408 
855*6 
85764 
85942 
861 19 
S6297 

49530* 
4954*4 
495660 

495*35 
496011 
496187 
496362 
496538 

496713 
496889 

05788 
05961 

06135 
06308 
06482 
06655 
06829 
07002 
07175 
07349 

16138 
163 10 
1 648 1 
16652 
16824 

i6995 
17166 

»7338 
17509 
17680 

26363 
26532 
26701 
26871 
27040 
27209 
*7378 
27548 
27717 
27886 

36464 
36631 

36799 
36966 

37133 
37300 
37468 

37635 

37802 

37969 

46445 
466 1 1 

46776 
46941 
47107 
47272 

47437 
47602 

47767 
4793* 

56309 
56472 
56636 
56799 
56963 
57126 

57*89 
5745* 
57615 

57779 

30 
31 
32 
33 
34 
35 
30 
37 
38 
39 

10  0 
15 
30 
45 

V     0 
15 
30 
4ft 

12  0 
15 

54068 
54*53 
54437 
54622 
54806 
54991 
55'75 
55359 
55544 

648** 
65070 
65252 

65434 
65617 

65799 
65981 
66162 
66344 
66526 

75751 
75930 
761 10 
76290 
76470 
76649 
76829 
77009 
7718S 
77368 

86475 
86652 
86830 

87007 

87185 
87362 
87540 
87717 
87894 
88072 

497064 
497*39 
497415 
497590 
497765 
497941 
498116 
498291 
498466 
498641 

07522 

07695 
07868 
08041 
08214 
08387 
08560 

0*733 
08906 
09079 

17851 
18022 

18193 
18364 

•8535 
18706 

18877 
19048 
19219 
19390 

28055 
28224 
28393 
28562 
28731 
28899 
29068 
29237 
29406 

*9575 

38130 
38303 
38470 
38637 
38804 
38971 
39137 
39304 
39471 
39638 

48097 
48262 

484*7 
48592 

48757 
48922 
49087 
49*5* 
49417 
4958i 

5794* 
58105 
58268 
5843-* 
58594 
58757 
58920 

59083 
59*46 
59408 

40 
41 
12 
43 
44 
45 
46 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

II  0 
15 
30 
45 

557** 

56096 
56280 
56464 
56648 
56832 
57016 
57200 
573*4 

66708 
66890 

67072 
67253 

67435 
67617 
67798 
67980 
68161 
6*343 

77547 
777*7 
77906 
78086 
78265 

78444 
78624 
78803 
78982 
791*1 

8S249 
88426 
88603 
88780 
88958 

89135 
89312 
89489 
89666 
89842 

498816 

49*99i 
499166 

499341 
4995i6 
499691 
499866 
500040 
500215 
500390 

09252 
09425 
09598 
09771 
09943 
10116 
10289 
1046 1 
10634 
10807 

19560 

19731 
19902 

20072 

20243 
20414 
20584 
20755 
20925 
21096 

*9743 
29912 
30081 
30249 
30418 
30586 
30755 
309*3 
31092 
31260 

39804 
39971 
40138 
40304 
4047I 
40637 
40804 
40970 
4"37 
41303 

49746 

499" 

50076 
50240 
50405 
50569 
50734 
50898 
51063 
51227 

5957' 
59734 
59897 
60059 
60222 
60385 
60548 
60710 
60873 
61035 

50 
51 
52 
53 
54 
55 
50 
57 
68 
59j 

D.  18*. 
D.  104. 

f,irta 
Purta 

v  r 

12  25 

II  22 

3'  4* 

37  49 
33  44 

5*  «' 

62  74  8 
55  66  7 

V   8'  < 

5  99  1 

6  87  9 

n  123 
8  109 

iris 
136  H 
120  13 

r  13' 

S  160 

1  142 

14'  15 

1/3  185 
153  164 

» 

886 


TABLE  69. 


\OQ.   SINE  SQ1 

J  ARK 

22° 

*£ 

24° 

•- 

& 

15' 

30* 

46' 

tf   !  16' 

W 

1  45' 

& 

16' 

3* 

1*28- 

lb20« 

l*30« 

l*31« 

lb32- 

1*33- 

1»'34- 

lh35» 

lh30» 

l>37- 

1*38- 

0*  0 
15 
30 
45 

1  • 
15 
30 
45 

2  0 
16 

?'5 
61198 

61360 

61523 

61685 

61847 

62c  10 

62172 

62334 

62497 
62659 

8-5 

70890 

71051 

71211 

7 '37» 

7153* 

71693 

7>»53 
72014 

72174 
7*J34 

8*$ 

80471 

80630 

80789 

80948 

81106 

81265 

81424 

81582 

8'74i 
81899 

8'5 

89944 
90101 

90*58 

9°4«5 

90572 

907*9 
90886 
91042 
91199 
91356 

8- 

5993" 
599466 
599621 
599776 
599931 
600086 
600242 
600397 
600552 
600707 

8*6 

08573 
08726 
08880 

09033 
09187 
09340 

09494 
09647 
09800 
09954 

86 

"7734 
17885 
18037 
18189 
18341 
18492 

18796 
18947 
19099 

8*6 

26795 

*6945 

27095 

27245 

*7395 

*7545 

27695 

*7845 
*7995 
28145 

8*6 

35758 

35906 

36055 

36203 

3635* 
36500 
36649 

36797 
36946 

37094 

8*6 

44625 

4477* 

44919 

45066 

45*13 

45360 
45507 
45654 
45801 

45947 

8-6 

53399 

53545 

53690 

53*3* 

53981 

54126 

54*7* 

544>7 

5456* 

54707 

e 
1 

3 
3 

4 
6 

* 

7 
11 
9» 

30 
45 

3  0 
15 
30 
46 

4  0 
16 
30 
46 

62821 
62983 

*3«45 
63307 
63469 
63631 
63793 

*395< 
641 17 

64279 

7*495 
7*655 
72815 
7*975 
73136 
73296 

73456 
73616 
73776 
73936 

82058 
82216 
82375 
8*533 
82691 
82850 
83008 
83166 
833*5 
83483 

91669 
91826 
91982 
92139 
92296 

9*45* 
92609 
92765 
92922 

600862 
601016 
601171 
601326 
6oia8i 
601636 
601791 
601945 
602100 
602255 

10107 
10260 

10413 
10566 
10720 

10873 
11026 

11179 
11332 
11485 

19*51 
19402 

19554 
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07393 
075H 
07635 

07755 
07876 
07996 

14119 
'4*39 
H358 
14478 
'4597 
14717 
14836 
14956 
'5075 
'5'95 

28346 

18464 
285*1 
28699 
28816 
28934 
29051 
29169 
29286 
29403 

30 
46 

8  0 
15 
30 
45 

9  0 
15 
30 
46 

55870 
55998 
56127 

56*55 
56383 
56512 
56640 
56768 
56897 
57025 

63541 
63669 
63796 

639*3 
64050 
64177 

64305 
64432 

71142 
71268 

71394 

71520 
71646 
71772 
71898 

72024 
72150 
72276 

78672 

78797 
78922 

79047 
79172 
79296 
79421 
79546 
79671 
79796 

86134 
86257 
86381 
86505 
86629 
86752 
86876 
87000 
87123 
87247 

935*7 
93650 

93773 
93895 
94018 

94140 
94263 
94386 
945o8 
94631 

800855 

800976 
801098 
801219 
801341 
801462 
801584 
801705 
801827 
801948 

08117 
08237 
08358 
08478 
08598 
08719 
08839 
08960 
09080 
09200 

'53'4 
'5434 
'5553 
15672 
15792 
15911 
16031 
16150 
16269 
16388 

22449 
22567 

22685 
22804 
22922 
13040 
23159 
23277 
*3395 
*35'3 

29521 
29638 
29756 
29873 
29990 
30107 
30225 
30342 

30459 
30576 

10  0 
16 
30 
46 

11  0 
16 
30 
46 

19  0 
16 

57153 
57282 
574io 
57538 
57666 

57794 
579*3 
58051 
58179 
58307 

64813 
64940 
65067 
65194 
65321 
65448 

65575 
65702 
65829 
65956 

72402 

7*5*7 
72653 

7*779 
7*905 
73031 
73157 
73282 
734o8 

73534 

799*o 
80045 
80170 
80294 
80419 
80544 
80668 

80793 
80918 
81042 

87370 

87494 
87618 

87741 
87865 
87988 
88112 
88235 
88359 
88482 

94753 
94876 
94998 
95121 

95*43 
95365 
95488 
95610 
95733 
95855 

802070 
802191 
802312 

802434 
802555 

802676 
802798 
802919 
803040 
803 161 

09321 

09441 
09561 
09682 
09802 
09922 
10042 
10162 
10283 
10403 

16508 
16627 
16746 
16865 
16985 
17104 
17223 

1734* 
17461 
17580 

23632 
*3750 
23868 
23986 
24104 
24223 
24341 

*4459 
*4577 
24695 

30694 
30811 
30928 

31045 
31162 

3i*79 
31396 

3'5'3 
31631 

31748 

30 
46 

23  0 
16 
30 
46 

14  0 
15 
30 
46 

5H35 

58691 
58819 
58947 
59075 
59203 

59331 
59459 
59587 

66083 
66210 

M336 

66463 
66590 
66717 

66844 
66970 

67097 
67**4 

73660 
73785 
739"i 

74037 
74162 
74*88 
74413 

74664 

7479° 

81167 
81291 
81416 
81540 
81665 
81789 
81914 
82038 
82163 
82287 

88606 
88729 
88852 
88976 
89099 
89222 
89346 
89469 
89592 
89716 

95977 
96099 
96222 

96344 
96466 
96588 
96711 
96833 
96955 
97077 

803283 

803404 
803525 

803646 
803767 
803888 
804010 
804131 

804252 
804373 

10523 

10643 
10763 
10883 
11003 
11123 

n*43 
11363 

11483 
1 1603 

17699 
17818 
17938 
18057 
18176 
18295 
18414 
'8J33 
1J8652 
18770 

24813 

24931 
25049 
25167 
25285 

*5403 
25521 
25639 
*5757 
*5*75 

31865 
31982 
32099 
32216 
32332 

3*449 
32566 
32683 
32800 
32917 

I>. 
J). 

120.  i 

U7. 

Sec  1* 
Parts  9 
Part*  8 

17  26 
16  23 

4'  6' 

34  43 
3»  39 

r  r  1 
52  60  < 

47  55  < 

r  9'  10' 

S9  78  %€ 

&2  70  78 

'  11'  12 

95  10 
86  9 

'  13* 

3  11*  1 

4  TOl  I 

14'  15' 
21  129 
09  117 

TABLE  69 


839 


LOO.  SINK  SQUARE 

30° 

31° 

32° 

33° 

•. 

U 

30* 

45' 

0* 

15' 

W 

46' 

0' 

16'    SO* 

a 

V 

3M- 

2*2- 

2*  3* 

2*  4" 

2**» 

2"  •• 

2"  7" 

*8* 

*  9» 

tf>  10» 

3*11- 

2M2- 

t      tt 

•  0 

15 

30 

45 

1  0 

15 

30 

15 

£  0 

15 

30 

45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

8»*3 
1<>34 
3151 
3268 

33«4 
3501 
3618 

3735 
3851 
3968 
4085 

8*84 
0015 
0130 
0246 
0362 
0478 

0594 
0709 
0825 
0941 
1056 

8*8 
46936 

47050 
47165 
47280 

47395 
47510 
47624 

47739 
47854 
47968 

8'8 

53798 

539" 

54<>*5 

54139 

54*53 

54367 

5448i 

54594 

547o8 

548** 

8-86 
0602 

0715 
0828 

0941 
1053 
1166 

i*79 
139* 
1505 
1618 

8-8 

67349 
67461 

67573 
67685 
67797 
67909 
68021 
68133 
68*45 
68356 

8-8 

74040 

74151 
74162 

74373 
74484 
74595 
747o6 

748i7 
749*8 
75039 

8-88 
0676 
0786 
0896 
1006 
1117 
1227 
1337 
1447 

8-8 
87*58 
87367 
87476 

ss 

87804 

87913 
88022 
88131 
88240 

8- 

893785 

893894 

894002 

8941 10 

894*19 

8943*7 

894435 

S4!44 
89465* 

894760 

8*90 
0261 
0368 
0476 
0583 
0690 

0798 
0905 
1013 
1120 
1227 

8'9 

06684 

06790 

06897 

07003 

07110 

07*17 
07323 

07430 
07536 

07643 

• 
1 
3 
3 
4 
5 
6 
7 

8 
0 

4201 
4318 
4435 
4551 
4668 

4785 
4901 
5018 

5134 
5251 

117a 

1288 
1404 
1519 
1635 
1750 
1866 
1982 
2097 
2213 

48083 
48198 
48313 
484*7 
4854* 
48657 
4877" 
48886 
49000 
49"5 

54936 
5S049 
55i63 
55*77 
55390 
55504 
55618 
55731 
55845 
55959 

1730 
184J 
1956 
2069 
2181 
**94 
2407 
2519 
2632 
*745 

68468 
68580 
68692 
68804 
68915 
69027 
69139 
69251 
69362 
69474 

75150 
75*6i 
7537* 
75483 
75594 
757<H 
75815 
759*6 
76037 
76148 

1777 
1887 
1997 
2107 
2217 
2327 
2436 
2546 
2656 
2766 

88349 
88458 

88567 
88676 
88786 

88895 
89004 

89113 

89222 

89330 

894868 
894976 
895085 
895193 
895301 
895409 

895517 
895625 

895734 
89584* 

«335 
1442 

•549 
1657 
1764 
1871 
1978 
2086 
2193 
1300 

07749 
07856 

07962 
08068 

08175 
08281 
08388 

08600 
08707 

10 
II 
12 
13 
14 
15 
10 
17 
18 
10 

5  0 
15 
30 
45 

0  0 
15 
30 
45 

7  0 
15 

5367 
5484 
5600 

5717 
5833 

SS 

6183 
6299 
6415 

2328 
*444 
*559 
2675 
2790 
2905 
3021 
3136 
3251 
33«7 

49229 
49344 
49458 
49573 
49687 
49802 
49916 
50031 
50145 
50259 

56072 
56186 
56*99 
56413 
56526 
56640 

56753 
56867 
56980 
57094 

*«57 
2970 
3082 

3195 
33o8 
3420 
3533 
3645 
3758 
3870 

69586 
69697 
69809 
69921 
70032 
70144 
70*55 
70367 

70479 
70590 

76*58 
76369 
76480 
76590 
76701 
76812 
76923 
77033 
77144 
77*54 

2876 
2986 
3096 
3*05 
3315 
3445 

3644 
3754 
3864 

89439 
89548 

89657 

89766 

89875 
89984 
90093 

90202 

90311 

90419 

895950 
896058 
896166 
896274 
896382 
896490 
896598 
896706 
896814 
896922 

1407 
2514 
1622 
2729 
2836 

*943 
3050 

3»57 
3*64 

337i 

08813 
08919 
09026 
09132 
09238 

09345 
09451 

09557 
09663 

09770 

20 
21 
22 
23 
24 
25 
20 
27 
28 
29 

30 
45 

3  0 
15 
30 
45 

9  0 
15 
30 
45 

6532 
6648 
6764 
6881 
6997 
7113 

7*30 
7346 
746a 

7578 

3482 
3598 
3713 
3828 

3944 
4059 
4"  74 
4189 

44<>5 
4520 

5°374 
50488 
50603 
50717 
50831 

5<>945 
51060 

5"74 

51288 

51403 

57207 

573*° 
57434 
57547 
57660 

57774 
57887 
58000 

58"4 

58227 

39<3 
4095 
4207 
4320 
443* 
4545 
4657 
4769 
4882 

4994 

70702 
70813 

70925 
71036 
71148 

7i*59 
7i37o 
71482 

71593 

71705 

77365 
77476 
77586 
77697 
77807 

779i8 
78028 

78139 
78*49 
78360 

J974 
4083 
4"93 
4303 
4412 

45** 
4632 

4741 
4851 
4960 

90528 
90637 
90746 
90854 
90963 

91072 
91181 
91289 

91398 
91507 

897030 
897137 
897*45 
897353 
897461 
897569 
897677 
897785 
897892 
898000 

3479 
3586 

3693 
3800 

3907 
4014 
4121 
4228 
4334 
444« 

09876 
09982 
10088 
10194 
10301 
10407 

ic5«3 
106 19 
10725 
10831 

30 
31 
32 
33 
31 
35 
30 
37 
38 
3!) 

10  0 
15 
30 
45 

11  o 
15 
30 
45 

12  0 
15 

7694 
781 1 

79*7 
8043 
8159 
8275 
8391 
8507 
8623 
8739 

4635 
4750 
4865 
4981 
5096 
5211 
5326 
5441 
5556 
5671 

51517 
51631 
51745 
51859 
5'973 
52088 
52202 
52316 
52430 
5*544 

58340 
58453 
58567 
58680 

58793 
58906 
59019 
59132 
59246 
59359 

5106 
5**9 
5331 
5443 
5555 
5668 
5780 
5872 
6004 
6116 

71816 

719*7 
72039 
72150 
72261 

7*373 
72484 

7*595 
72706 
72818 

78470 
78581 
78691 
78802 
78912 
79022 
79133 
79*43 
79353 
79464 

5070 

5179 
5289 

5398 
5508 
5617 
57*7 
5836 
5946 
6055 

91615 
91724 
91833 
91941 
92C50 
9*158 

92267 
92376 
92484 

9*593 

898108 
898216 
898324 
898431 

898539 
898647 

898754 
898862 
853970 
899077 

4548 
4655 
4762 
4869 
4976 
5083 

5190 
5296 

5403 
55io 

10937 
11043 

n«49 
1*255 
11361 

11467 
11573 
1 1679 
11785 
11891 

40 

41 
42 
43 
44 
45 
4ff 
47 
48 

4a 

30 
45 

13  0 
15 
30 
4"i 

14  0 
15 
30 
45 

8855I 
8971 
9087 
9203 

9319 
9435 
955» 
9667 

9783 
9899 

5786 
5901 
6016 
6131 
6246 
6361 
6476 

6706 
6821 

52658 
52772 
52886 
53000 
53»"4 
53228 
5334* 
53456 
53570 
53684 

59*7* 
59585 
59698 
59811 

579*4 
60037 
6015c 
60263 
60376 
604S9 

6229 
6341 

6453 
6565 

6677 
6789 
6901 
7013 
7i*5 
7*37 

72929 
73040 

73«5i 
73262 

73374 
73485 
73596 
73707 
73818 
739*9 

79574 
79684 

79795 
79905 
80015 
80125 
80235 
80346 
80456 
80566 

6164 

6274 
6383 
6492 
oftca 
6711 
6821 
6930 
7039 
7148 

92701 
92810 
92918 
93027 
93135 
93*44 
93352 
9340O 
93569 

93677 

899185 

899*93 
899400 
899508 
8996 1 5 
899723 
899831 
8999^8 

*ooo46 
9oo»53 

5617 
57*3 
5830 
5937 
6044 
6150 
6257 
6364 
6470 
6<577 

11997 
1 2 103 
12209 

12315 
12421 
12526 
12632 
12738 
12844 
12950 

50 
51 
62 
53 

54 
55 
50 
57 
58 
50 

Sec.  V  r  2 
D.  110.  Tarts  8  15  2 
I>.  10f».  Parts  7  14  2 

'  4'  . 

1   31  3 
29  3 

Y   cj*  7 

9  46  5 
6  43  4< 

*  K"  0 

4.  62  6£ 
)   5*  63 

\  77  \ 

71  ■ 

IV   12*  13'  14*  15' 

Ss  93  100  108  116 

78   85  <J2   99   I06 

840 

TABLE  69 

LOG.  SINK  SQUARE 

83° 

84° 

35° 

s. 

16' 

30' 

46* 

tf 

15' 

10' 

46' 

o' 

15' 

30* 

45' 

2»W 

2*14* 

*15» 

2M6- 

2*  17"  **  13" 

2h  19" 

2*20- 

2*  21- 

2*22- 

2*23» 

0  0 
16 
30 
43 

1  9 
15 

no 

•J5 

3  0 

1ft 

«'9 

»3«55 

13161 

13167 

«3S73 

13478 

«3584 

13690 

'3795 
13901 

14007 

89 

■9377 

19482 

«9}87 
19691 
19796 
19901 
20006 
20111 
20216 
20321 

8-9 
25648 

*575* 

25Q^ 
26065 
26169 
26273 

*6377 
26481 
26585 

8-9 
31871 

31974 
31077 
31181 
32184 
3*387 
3*490 
3*593 
32697 
32800 

8'9 
38045 
38  H7 
38150 

3835* 
38455 

38660 
38761 

38967 

8*9 

44171 
44*73 
44375 
44476 
44578 
4468o 
4478i 
44883 
44984 
45086 

8-9 

5o*5i 

50351 

5045* 
5<>553 
50654 

50755 
50856 

50957 
51058 
5»58 

5^84 
56384 
56484 
56584 
56684 
56784 
56884 
56984 
57085 

57i8? 

62271 
62370 
61470 
61569 
62668 
62768 
62867 
62966 
63066 
63165 

68213 
68312 
68410 
68509 
68608 
68706 
68805 
68903 
69002 
69101 

8*9 

74m 
74*09 
74307 
74405 
74502 
74600 
74698 
74796 
74894 
7499* 

0 
1 

2 
3 
4 
6 
6 
7 
8 
t 

30 
46 

3  0 
16 
30 
46 

4  0 
15 
30 
46 

1411a 

14118 
■43*4 
'44*9 
'4535 
14640 
14746 
14852 

H957 
15063 

20425 
20530 
20635 
10740 
10844 
20949 
21054 
21159 
21163 
11368 

26689 
26793 
26897 

27000 
27104 
27208 
27312 
27416 
27520 
27624 

3*903 
33006 
33109 
33212 
333i6 
33419 
335** 
336*5 
337*8 
33831 

39069 
39171 

39*74 
39376 
39479 
3958i 
39683 

39785 
39888 
39990 

45188 
45*89 
45391 
4549* 
45594 
45695 
45797 
45898 
46000 
46 10 1 

5«59 
51360 
51461 
51562 
51662 
51763 
51864 

51965 
5*065 
52166 

57*85 
57385 
57485 
57585 
57685 
57785 
57885 

57985 
58085 
58185 

63264 
63364 
63463 
63561 
63661 
63761 
63860 

63959 

64058 
64157 

69199 

69396 

69495 
69593 
69692 

69790 
69889 
69987 
70086 

75090 
75187 
75*85 
75383 
7548i 
75578 
75676 
75774 
7587* 
75969 

10 

II 

12 
IS 
14 
15 
16 
17 
18 
It 

5  0 
15 
30 
45 

G  0 
15 
30 

45 

7  o 

15 

15168 
15*74 
15379 
15484 
'5590 
15695 
1 5801 

i|9°6 
16012 
16117 

*i473 
11577 
11681 
11787 
21891 
21996 
11100 
22205 
22310 
22414 

27728 
27832 

*7935 
28039 
18143 

*8*47 
28351 

*8454 
28558 
28662 

33934 
34037 
34I40 
34*43 
34346 
34449 
3455* 
34655 
34758 
34861 

40091 

40194 
40197 
40399 
40501 
40603 

40705 
40807 
4091c 
41011 

46*03 

S3 

46507 
46609 
46710 
46811 

46915 

47014 

47"5 

52267 

5*367 
51468 

51669 

51770 
51871 
5*97i 

5307* 
5317* 

58*84 
58384 
58484 
58584 
58684 
58784 
58884 
58984 
59083 
50183 

^Z52 
64356 

64455 

$4653 
64751 

M51 
64950 
65050 
65149 

70184 
70282 
70381 

70479 
70578 
70676 
70774 
70873 
70971 
71069 

76067 
76165 
76262 
76360 
76458 
76|55 
76653 
76750 
76848 
76946 

90 
21 
22 
23 
24 
36 
2S 
27 
28 
20 

30 
46 

8  0 
16 
30 
45 

V  0 
15 
30 
45 

1622a 
16318 

i6433 
16538 
16644 
16749 

16854 
16959 
17065 

17170 

22*19 
22623 
22728 
22832 
**937 
23041 
23146 
23250 
*3354 
*3459 

28766 
28869 

18973 
19077 
19180 

*9**4 
29388 
29491 

*9595 
29698 

34964 
35067 

35170 
35*7* 
35375 
35478 
3558i 
35684 
35787 
35882 

41114 
41116 
41318 
414*0 
41511 

416*4 
41726 
41828 
4i93o 
42032 

47*17 
47318 
47419 
475*1 
47622 

477*3 
478*4 
479*6 
46027 
48128 

53*73 
53373 
53474 
53574 
53675 
53775 
53876 
53976 
54077 
54177 

59*83 
59383 
59482 
59582 
59682 
59782 
5988i 

I??!1 
60081 

60180 

65*48 
65347 
65446 

J5!45 
65644 

65743 
65842 

66040 
66138 

71168 

71266 

71364' 

71462 

71561 

7i659 
71757 
71855 
71953 

72052 

77043 
77«4» 
77*38 
77336 

77433 
77531 
776i8 
77726 
77823 
779*1 

30 
31 
32 
33 
34 
36 
36 
37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

17*75 
17380 
17486 

i759i 
17696 
17801 
17906 
i8om 
18116 
18221 

23563 
13668 

2377* 
23876 
23981 
24085 

24189 
24294 
24398 
24502 

29802 
29905 
30009 
301 13 
30216 
30320 
30423 

305*7 
30630 

30734 

3599* 
36095 

36198 
36300 

36403 
36506 
36608 
36711 
36814 
36916 

4*134 
4**36 
4*338 
42440 

4*54* 
4*644 
4*746 
4*848 
4*950 
43052 

48229 
48330 
4843* 
48533 
48634 

48735 
48836 

48937 
49038 
49139 

54*78 
54378 
54479 
54579 
54679 
54780 
5488o 
54980 
55081 
55181 

60280 
60380 
60479 

60579 
60679 

60778 
60878 

60977 
61077 
61177 

66237 
66336 

^35 
60C24 

660]? 

66732 

66831 

66929 

67028 

67127 

7*150 
7**48 
7*346 
7*444 
7*54* 
72641 

7*739 
7*837 
7*935 
73033 

78018 
78116 
78213 
78311 
78408 

78505 
78603 
78700 
78797 
78895 

4« 
41 
42 
43 
44 

a 

46 
47 
43 

49 

30 
46 

13  0 
15 
30 
45 

14  0 

1* 
30 
46 1 

18327 
18432 

i*S37 

18642 

'8747 
18852 

18957 
19062 
19167 

19272 

24606 
24711 
24815 

24919 

25023 
25127 
25232 
25336 
*544o 
*5544 

30837 
30940 
31044 
3"47 
31151 

31354 
3H57 

V&1 
31664 

31767 

37019 

37122 
37**4 
373*7 
37430 
3753* 
37635 
37737 
37840 

3794* 

43153 
43*55 
43357 
43459 
4356i 
43662 

43764 
43866 
43968 
44069 

49*4i 
4934* 
49443 
49544 
49645 
49746 
49847 
49948 

50049 
50150 

55281 
55382 
55482 
5558* 
55682 

55783 
55883 
55983 
56083 
56183 

61176 
61376 
61475 

61575 
61674 
61774 
6,873 
61973 
62072 
62171 

67226 

673*5 
67423 
67522 
67621 
67710 
67818 
67917 
68016 
681 14 

73131 
73**9 
733*7 
734*5 
735*3 
73611 

73719 
738i7 
73915 
74013 

78991 
79089 
79i87 
79184 

7938i 
79479 
79576 
79673 
7977o 
79868 

60 
61 
62 
63 
54 
66 
56 
67 
66 
50 
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TABLE  69 

841 

LOO.  SINE  8QVAMB 

6  • 
Id 

90 
45 

1  0 
15 
90 
45 

9  0 
15 

"'  90 
45 

3  0 
15 
30 
45 

4  0 
15 
90 
46 

86° 

.'17° 

38° 

s. 

0* 

16' 

W 

45' 

0* 

If 

90* 

46' 

r 

15' 

90^ 
*94« 

2*24*» 

9**6- 

9*20- 

*  27*» 

*28» 

**J» 

2*90- 

2--3I- 

2»'32» 

9*93« 

799*5 
80062 

£? 

80353 
80451 
80548 
80645 
80742 
80839 

8'9 

85775 

8587* 

85968 

86065 

86161 

86258 

86354 

86450 

86547 

86643 

8'9 

9'543 

91639 

91735 
91830 
91926 
92022 
92118 
92213 
92309 
92405 

8097269 
8997364 
8*997459 
8*997554 
8  y97649 
8*997744 
8997839 
8'997934 
8*998029 
8-998124 

9*0 

o*953 
03047 
03142 
03236 
03330 

034*5 
03519 
03613 

03708 
03802 

90 

08596 

08690 

08783 

08877 

08971 

09064 

09158 

09252 

°9345 

09439 

9*0 

14198 

14291 

143*4 
14477 
M57o 
14663 

14757 
14849 
14941 

15035 

90 

19761 

1985J 

19946 

20038 

20130 

20223 

10315 

20407 

10500 

10591 

90 
25284 

*5375 
15467 

*5559 
15651 

*574* 
*5834 
15916 
16017 
16109 

90 

30768 

30859 

30950 

31041 

31132 

31223 

313H 

31405 

3H96 

31587 

36H3 
36304 
36394 
36485 
36575 
36665 

36756 
36846 
36936 

37027 

0 

1 
2 
3 
4 
6 
6 

7 

8 
0 
10 
II 
12 
13 
14 
16 
10 
17 
18 
10 

80936 
81033 
81130 
81227 
81324 
8 142 1 
81518 
81615 
81712 
81809 

86740 
86836 
86931 
87029 

87i*5 
87221 

87318 
874H 
87510 
87606 

9*5oo 
92596 
92692 

9*787 
92883 
92978 
93074 
93170 
93265 
93361 

8*998219 
8998314 
8*998409 
8*998504 
8-998599 
8998694 
8998789 
8*998883 
8-998978 
8'999073 

03896 

03990 
04085 
04179 
04273 
04367 
04462 
04556 
04650 
04744 

09532 
09626 
09720 
09813 
09907 
10000 

10094 
10187 
10281 

10374 

15118 
15111 
15314 
15407 
155CO 

15593 
15686 

15778 
15871 
15964 
16057 
16150 
16243 

16335 
16428 
16521 
16614 

16706 

16799 
16893 

10684 
20776 
10869 
20961 
21053 
21145 
21237 
21330 
21422 
21514 

16201 
26292 
26384 

*6475 
26567 
26658 
26750 
26842 
26933 
27025 

31678 
31769 
31860 

31951 
32042 

3*133 
3***4 
3*315 
3*4*5 
32496 

37H7 
37207 
37198 
3738* 
3/478 
37569 
37659 

37749 
37839 
37930 

6  0 
15 
90 
45 

•  0 
16 
30 
46 

7  o 

15 

81906 
82003 
82  ICO 
82197 
82294 
82391 
82488 
82585 
82682 
82779 

87703 
87799 
87895 
87991 
88088 
88184 
88280 
88376 
8847* 
88568 

93456 
9355* 
93647 

93242 
93838 

93934 
940*9 
94125 
94220 
94316 

8*999168 
8099263 
8-999358 
8*999453 
8-999547 
8999642 

8*999737 
8999832 

8  9999*7 

9*OOC02I 

04838 
04933 
05027 
05121 
05215 
05309 
05403 
05497 
05591 
05685 

10468 
10561 

10654 
10748 
10842 

10935 

11019 

11122 
11215 
H309 

21606 
21698 
21791 
21883 
11975 
12067 
22159 
12251 
**343 
**435 

27116 

27208 
27299 

*739i 
27482 

*7574 
27665 

*7756 
27848 

*7939 

31587 
3*678 
3*769 
32860 

3*951 
33041 
33131 
33**3 
333H 
33405 

38020 
38110 
382CO 
38291 
38381 
38471 
38561 
38651 

38741 
38832 

20 
21 
22 
23 
24 
26 
26 
27 
28 
20 

90 
45 

8  0 
15 
90 
45 

9  0 
15 
90 
45 

82875 
82972 
83069 
83166 
83263 

8335? 
83456 
83553 
83650 

83746 

88665 
88761 
88857 

88953 
89049 

89145 
89241 

89337 
89433 
895*9 

94411 

94507 
94602 

94697 
94793 
94888 

94984 
95079 
95'74 
95*69 

9*000116 
9*000211 
9*000305 
9*000400 

9-000495 

9*000590 
9*000684 

9-000779 

9*000874 
9*000968 

05780 
05874 
05968 
06062 
06156 
06250 
06344 
06438 
06532 
06625 

II402 
II496 
II589 
ll682 

II776 
U869 
II962 
I2055 

1*149 
12242 

16985 

17077 
17170 
17*63 
17355 
17448 
17541 
17633 
17726 
17819 

21527 
22619 
22711 
22803 
22895 
22987 
23079 
23171 
13*63 
*3355 

28031 
28122 
28213 
28305 
18396 
28488 

28579 
28670 
28762 
28853 

33495 
33586 
33677 
33768 
33858 

33949 

34040 

34i3o 
34221 

3431* 

38911 
39012 
39102 

39191 
39282 

39371 
39462 

39551 
39642 

3973* 

30 
31 
82 
33 
34 
35 
30 
37 
38 
30 
40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

10  0 
15 
90 
45 

11  0 
15 
30 
45 

12  0 
15 

83843 
83940 

84037 
84>33 
84230 

843*7 
84413 
84520 

84617 
84713 

89625 
89721 
89817 
89913 

90009 
90105 
90201 
90297 
90393 
90489 

95365 
95460 

95555 
95651 

95746 
95*4! 
95937 
96032 
96127 
96222 

9*001063 

9001157 

9*001252 

9*°°i347 
9*001441 
9*001536 
9*001630 
9001725 
9-001819 
9*001914 

06719 
06813 
06907 
07001 

07095 
07189 
07283 
07377 
07471 
o75*4 

«*335 
12429 
12522 
12615 
12708 
12802 
12895 
12988 
13081 
13174 

17911 
18004 
18096 
18189 
18281 

18374 
18467 

18559 
18652 

18744 

*3447 
*3539 
23631 

13713 
13815 
13907 

*3999 
24091 
24182 
*4*74 

28944 
29035 
29127 
19118 
19309 
19400 
29492 
29583 
29674 
*9765 

34402 
34493 
34584 
34674 
34765 
3485^ 
34946 
35037 
351*7 
35*18 

39822 
39912 
40002 
4C092 
40182 
40272 
40362 
40452 
40*42 
40632 

80 
45 

13  0 
16 
90 
46 

14  0 
15 
90 
46 

84810 
84906 
85003 
85100 
85196 
85*93 
85389 
85486 
85582 
85679 

90585 
90681 

90777 

9087* 
90968 
91064 
91160 
91256 
9135* 
9-447 

96317 
96413 
96508 
96603 
96698 

96793 
96888 

96983 

97079 
97174 

9*002008 
9*002103 
9*002197 
9*002292 
9*00*386 
9*002481 
9*002575 
9*002670 
9*002764 
9*002858 

07658 
07752 
07846 
07940 
08033 
08127 
08221 
08315 
08408 
08502 

13167 
13361 

13454 
•3547 
13640 

13733 
13826 
13919 
14012 
H105 

18837 
18929 
1902 1 

i9"4 
19206 
19299 
19391 
19484 
19576 
19668 

24366 
*4458 
24550 
24642 

*4733 
24825 
24917 
25009 
25  ICO 
25192 

19856 
19948 
30039 
30130 
30221 
30312 
30403 
30495 
30586 
30677 

35108 
35399 
35489 
35f8o 
35670 
3576i 
35851 
35941 
36032 

1 361*3 

40712 
40812 
40901 
40991 
41082 
41171 
41261 

41351 
41441 

41531 

50 
61 
69 
63 
64 
66 
60 
57 
68 
60 

Sms.     V  2'  3*  4'  A 
D.  97.  Purti  6  13  19  26  3 
D.  00.  Parts  6  12  18  24  3 

•  ir  7 

*  39  4! 
0  30  4: 

'  8*  9' 

;  52  58 
*  48  54 

10*  11 

65  7i 

60  *C 

'  \r  \ 

78  8 

»  72  7 

3'  14'  16' 

4  91  97 
8  84  90 

842 

TABLE  60 

LOO.  SINK  SQUAftB 

38° 

39° 

40° 

41° 

a. 

45' 

•' 
2*3«- 

16' 
**7" 

3f 

45' 

« 

15' 

30* 

45' 

0 

15' 

2*36- 

*  ai- 

1*10- 

2*40- 

*4I- 

2*  42* 

2*43" 

2h44» 

lh45» 

/    * 
9   • 

15 
30 
45 

1  0 
U 
30 
45 

2  0 
15 

90 

41621 

41710 

41800 

41890 

41980 

41070 

4*159 

4**49 

4*339 

4*4*8 

9-0 

4699« 

47080 
47>69 
47*58 

47347 
47436 

475*5 
47615 

47704 

4779J. 

9'0 

5*3*3 

5*4»* 

51500 

5*589 

51677 
5*766 

5*855 
5*943 
5303* 
53110 

re 
57619 

57707 
57795 
57883 
57971 
58059 
58147 
58235 

583*3 
58411 

90 

62879 
61967 

63054 
63141 

63129 
63316 
63403 
63491 
63578 
63665 

90 

68103 

68190 

68277 

68364 

68450 

68537 
68624 
68710 

68797 
68884 

90 

7349* 

73378 
73465 
73551 
73*37 
737*3 
73809 
73895 
7398i 
74067 

9*o 

78446 

7853* 

78617 

78703 

78788 

78874 
78960 

79045 
79'3i 
79116 

90 

83565 

83650 

83735 

83820 

83905 
83990 
84075 
84160 

84*45 
84330 

90 
88651 

88735 
88819 
88904 
88988 
89073 
89157 
89242 
89326 
89410 

90 

93702 

93786 

93870 

93954 

94038 

94122 

94205 

94*89 

94373 

94457 

• 
1 

2 
3 
4 
5 
6 

7 

8 
9 

30 
45 

1  0 
15 
30 
45 

4  0 
15 
30 
45 

42518 
41608 
41698 
4*787 
4*877 
4*9*7 
43056 

43  »4* 
43*3* 
433*5 

47882 

47*71 
48060 
48149 
48*J8 

483*7 
48416 

48505 
480!} 

53108 
53*97 
53385 
53474 
5356* 
53651 
53739 
538*8 
53916 
54004 

58499 
58586 
58674 
58762 
58850 
58938 
590*5 
>9»3 
59201 

59*89 

6375* 
63840 
63927 
64014 
64101 

64189 
64276 
64363 
64450 
64537 

68971 
6oo57 
69144 
69231 

69317 
69404 
69490 

&2 

6975c 

74154 
74*40 
743*6 
7441* 
74498 
74584 
74670 
74756 
74*4* 
749*8 

79301 
79387 
79473 
79558 
79644 
797*9 
79815 
79900 

J9985 
80071 

84415 

84500 

84585 
84670 

84755 
84840 

849*5 

85010 
85094 
85179 

89495 

$2 

89748 
89832 

89917 
90001 
90085 
90170 
90254 

94541 
94625 
94708 

9479* 
94*76 
94960 
95044 
951*7 
95211 

95*95 

10 
II 
12 
13 
14 
15 
16 
17 
18 
11 

5  0 
15 
30 
45 

«  0 
16 
30 
45 

1    o 

15 

434"  5 
435<>4 
43<94 
43**4 

43773 
43863 

4395* 
44042 
44«3« 
44211 

48772 
48861 

48950 
49039 
49128 
49217 
49306 

49395 
49484 
49573 

54093 
54181 

54*69 
54358 
54446 
54534 
546*3 
547"i 
54799 
54888 

59377 
59464 
5955* 
59640 
597*8 
59815 
59903 

5999" 
60079 
60166 

64625 
64711 

Sss 

64973 
65060 

65147 
65*34 
6532a 
65409 

69837 

699*3 

70010 
70107 
70183 
70270 
70356 

70443 
70529 
70616 

75014 
75ioo 
75186 
75171 
75358 
75444 
75530 
756i6 
757o* 
75787 

80156 
80242 
80327 
80412 
80498 
80583 
80669 

80754 
80839 
80925 

85*64 
85349 
85434 
85519 
85603 
85688 

85773 
85858 
85943 

86027 

90338 
90411 
90507 
90591 
90675 
90759 
90844 
90928 
91011 
91096 

95379 
95461 

95546 
95630 
95713 
95797 
9588i 
95964 
96048 
96112 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
45 

1  0 
15 
30 
45 

9  0 
15 
10 
45 

445»o 
44400 

44489 
44579 
44668 

447*8 

44847 

44936 
45016 

4S»>S 

49661 
49750 
49839 
49918 

5C017 
50106 
50195 
50183 
50371 
50461 

54976 
55064 

5515* 

55*4' 
553*9 
554>7 
55505 
55593 
5568i 
55770 

60254 

60341 
60429 

60517 
60604 
60692 

60780 
60867 

6c955 
61041 

65496 

65583 
65670 

65757 
65844 
65931 
66018 
66105 
66192 
66179 

70702 
70789 
70875 
70961 

71048 

7i'34 
71211 

71307 

71394 
7H8o 

75873 
75959 
76045 
76131 

76117 

76303 
76389 

76474 
76560 
76646 

81010 
81095 
81181 
81266 
81351 
81436 
81522 
81607 
81691 
81778 

861 12 
86197 
86182 
86366 
86451 
86536 
86621 
86705 
86790 
86875 

911S1 
91*65 
9"349 
9H33 
9'5>7 
91601 
91685 
91770 

9»854 
91938 

96215 
96299 
96383 
96466 
96550 

96633 
96717 
96801 
06884 
96968 

31 
31 
S2 
33 

14 
35 

3C 
37 
38 
31 

10  0 
15 
10 
45 

11  0 
15 
30 
45 

12  0 
15 

45*05 
45*94 
45383 
45473 
455ft* 
4565* 
4574' 
45850 
4591c 
46009 

50550 
50639 
507*7 
50816 
50905 
50994 
51082 
51171 
51260 
5»348 

55858 
55946 
56034 
56122 
56211 

56299 
56387 
56475 
56563 
56651 

61130 
61118 

61305 
61393 
61480 
61568 
61655 

61743 
61830 
61918 

66366 

66453 
66540 
66617 
66714 
66801 

66888 

66974 
67061 

67148 

71566 
71653 
71739 
71826 
71912 
71998 
72085 
72171 
72*57 
7*343 

7673* 
76818 
76903 
76989 

77075 
77161 
77*47 
7733* 
774i8 
77504 

81863 
81948 
82033 
82118 
82203 
82289 
82374 
8*459 
82544 
82629 

86959 

87044 
87128 

87* » 3 
87298 
87382 
87467 
8755* 
87636 
87721 

91011 
91106 
9*190 
9**74 
9*358 
9*44* 
9*5*6 
91610 

9*694 

9*778 

97051 

97135 
97218 
97301 
97385 
97469 
9755* 
97636 

97719 
97803 

40 
41 
42 
43 
44 
45 
4f» 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

11  0 
15 
10 
45 

j 46098 
46187 
46*77 
46366 
46455 
46544 
466*4 
467*3 
46811 
46001 

5'437 
51C16 
51614 
5i7«3 
5179* 
51880 

5>969 

5*057 
51146 

5**35 

56739 
56827 

569'5 

57005 
57091 
57i79 
57*67 
57355 
57443 
57531 

62015 
62093 
62180 
62267 

62355 
62442 
62530 
62617 
61704 
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07304 
07367 

07429 
07492 
07554 
07617 
07679 
07742 
07804 

10987 
11050 
11112 
11174 
11236 

11299 
11361 

11423 
11485 

"547 

H7  "  3 
H775 
14837 
14899 
14961 
15023 
15085 
15146 
15208 
15270 

18419 
18480 
18542 
18604 
18665 
18727 
18788 
18850 
18911 
18973 

22105 
2*166 

22**7 
2*289 
»2350 
**4I1 
2247» 

6*533 
22656 

*577» 
25832 

25893 
25954 
26015 
26075 
26136 
26197 
26258 
16319 

29418  33045 
29478  33 «oj 
29539i33«66 
29599  33**6 
29660  332*6 
29721  33346 
19781  33407 
29842  33467 
*99°2  33527 
29963  33587 

10 
11 
12 

13 
14 
16 
16 
17 
18 
10 

5  0 
15 
30 
45 

•  0 
16 
90 
46 

7  o 

15 

96516 
96580 
96644 
96707 
96771 
96834 
96898 
96961 
97025 
97088 

300321 
300384 
300447 
300510 

300574 
300637 
300700 
300763 
300826 
300889 

04104 
04167 
04230 

04293 
04356 
04418 
04481 

04544 
O4607 
04670 

07867 
07930 
07992 
08055 
08117 
08180 
08242 
08305 

08367 
08430 

11610 
11672 

"734 
11796 
11858 
119*0 
»983 
12045 
12107 
1*169 

15332 
15394 
15456 
15518 
15580 
15641 
■5703 
«5765 
15827 
15888 

1903J 
19096 
19158 
19*19 
19*81 
1934* 
19404 
19465 

19527 
19588 

2*717 
1*778 
22840 
2*901 
22962 
13023 
23084 
*3H6 
23207 
23168 

26380 
26441 
26502 

26563 
26624 
26684 

26745 
16806 
26867 
26928 

30024 
30084 

30145 
30*05 
30*66 
30326 
30387 
30447 
30508 
30568 

33648 
33708 
33768 
33828 
33889 

33949 
34009 
34069 
34119 
34190 

20 
21 
22 
23 
24 
26 
2A 
27 
28 
20 

90 

46 

8  0 

16 

30 
45 
0  0 
15 
30 
45 

97152 
97215 

97*79 
97342 
97406 

97469 
97533 
97596 
97660 

97723 

300953 
301016 
301079 
3c  1142 
301205 
301268 
301332 
3°i395 
301458 
301521 

04733 
04796 
04858 
04921 
04984 
05047 
05110 
05172 

05235 
05298 

08492 

08555 
08617 
08680 

0874* 
08805 
08867 
089*9 
08992 
09054 

12231 
12294 
12356 
12418 
12480 
12542 
12604 
12666 
1*7*9 
1*791 

15951 
16012 
16074 
16136 
16198 
16260 
16321 
16383 

16445 
16508 

19650 
197« 

19773 
19834 
19896 

19957 
20019 
20080 
20141 
20203 

63329 
*339° 
2345" 
*35i* 

23574 
»3635 
*36o6 

23757 
23818 

23879 

26989 
27049 
27110 

.27171 
27232 
27293 
27354 
274H 
27475 
*7536 

306*9 
30689 
30750 
30810 
30871 
30931 
30992 
3105a 

31113 
,Jii73 

3425c 
34310 
34370 
34430 
34490 
34551 
34611 

34671 

34731 

3479" 

30 
31 
32 
38 

34 
35 
30 
37 
38 
30 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

97787 
97850 

979  H 
97977 
08041 
98104 
98167 
98231 
98294 
98358 

301584 
301647 
301710 
301773 
301836 
301900 
301963 
302026 
302089 
30215* 

05361 

05423 
05486 

05549 
05612 
05674 

05737 
05800 
05863 
059*5 

09117 
09179 

09242 
09304 

09367 
094*9 
09491 

C9616 
09679 

1*853 
1*915 

1*977 

13039 
13101 

13163 
13225 
13287 

13349 
13411 

16568 
16630 
16692 

16754 
16815 

16877 
16939 
17001 
17062 
17124 

20261. 
20326 

20387 

20449 
20510 

20J7" 

20633 

20694 

20756 
20817 

*3940 
24001 

14062 
*4i*4 
24185 
14246 
24307 
24368 

*44*9 
24490 

27597 
27657 
27718 

27779 
27840 
*7ooi 
27961 
180** 
28083 
28144 

31234 
31294 
31355 
3H15 
31475 
31536 
31596 
31657 
31717 
31778 

34851 
34912 
34972 
35032 
35c92 
35'5* 
35212 

35*7* 
3533* 
3539* 

40 
41 
42 
43 
44 
45 
46 
47 
48 
40 

30 
46 

13  0 
16 
30 
45 

14  0 
15 
30 
45 

98421 

9M5 
98548 
98611 
98675 
98738 
98801 
98865 
98928 
98992 

302215 

302*78 

30*341 
302404 
30*467 
30*530 

302593 
30*656 
302719 

302782 

OJ988 
06051 
06114 
06176 
06239 
06302 
06364 
06427 
06490 
06552 

09741 
09803 
09866 
09928 
09900 
10053 
10115 
10177 
10*40 
1030* 

"3473 
13535 
13597 
13659 
137** 

13784 
13846 
13908 
13970 
14032 

17186 

17247 
17309 

17371 
"7433 
17494 
17556 
17618 
17679 
17741 

20872 
20940 
21001 

21 06* 
21124 
21185 
HI46 
21308 
21369 
21431 

2455" 

24612 

24673 

24734 

24856 
24917 
24978 
25039 

25100 

18104 
28*65 
28326 
28386 

28447 
18508 
18568 
28629 
28690 
28751 

31838 
31898 

31959 
3*019 
32080 
32140 
32100 
32261 
32321 
3*38i 

35452 
35513 
35573 
35633 
35693 
35753 
358i3 
35873 
35933 
359i3_ 

50 
51 
52 
53 

54 
55 
56 
57 
58 
69 

D.I 
1>.  f 

te.  1'  2*  r  4'  6*  6*  T   8*  »*  10'  11'  12*  13*  14*  \6J 

IS.  Putt  4  9  13  17  21  26  30  34  38  43  47  51  55  60  64 
10.  Hurts  48  12  16  20  24  28  32  36  40  44  48  5*  56  60 
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TABLE  09 


UK*.  SINE  8QUAKK 

55° 

56° 

57° 

58° 

0* 

9. 

W        49* 

tf 

15' 

9T 

49' 

tf 

15' 

90' 

45' 

9*  49-!  9*43- 

9»44- 

3*45- 

3*4^ 

*47- 

3*4*- 

3*  49- 

3*50-  3*51- 

3*52* 

0  0 
15 
90 
45 

1  0 
15 
30 
45 

9  0 
15 

90 
45 

9  0 
15 
90 
45 

1  0 
15 
90 
45 

92 

36053 
36113 

36173 
36*33 
36293 

36353 
364«3 
36473 
36533 
36593 

39645 
39705 
39765 
39**4 
39**4 
39944 
4000$ 
4006, 
40123 
40182 

9*3 
43219 

43*7* 
43337 
43397 
43456 
43515 
43575 
43634 
43694 
43753 

46773 
4683* 
46891 

46950 

470C9 
47069 

47  "*8 
47i87 
47246 

47304 

93 
50500 

5036* 
5°4*7 
50485 
50544 
50603 
50662 
50720 

50779 
50*38 

93 

53**7 
53**5 
53944 
54002 
54060 

54' 19 

54"77 
54*36 
54*94 
54353 

9'3  A 

573*6 
573** 
5-44* 

57500 

57S5* 

57617 

57675 
577J3 
57791 
57*49 

9*3 

60807 

60865 

60923 

60980 

61038 

61C96 

61154 

61212 

61270 

61327 

9-3 

64270 

64327 

643*5 

64443 

64500 

6455* 
64615 

64673 

64730 
647** 

9*3 

67715 

67772 

67830 

678*7 

67944 

68coi 

68c59 

68116 

68173 
48230 

9' 3 
7114* 

71199 
71256 
71313 
71370 
714*7 
7*4*4 
7i54« 
7159* 
7165s 

O 
1 

2 
3 
4 
5 
6 
7 
9 
9 

36653 
36713 

36773 
36S33 
36893 
36953 
37013 
37<>73 
37133 
37193 

40242 
40302 
40361 
40421 
40481 
40540 
40600 
40660 
40719 
40779 

4J*n 

43*7* 
43931 
43990 
44050 

44109 
44168 
44*** 
44**7 
44346 

47364 
474** 
474** 
47541 

476oo 

47659 

4771* 
47777 
47*36 
47*95 

50897 
50955 
51044 
51073 
51131 
51190 

5i*49 
51308 
51366 
5H*5 

544«i 
54469 
545** 
545*6 

54645 
54703 
54762 

54**o 
54*7* 
54937 

57907 
57965 
58023 
58082 
5**4P 
58198 
5**56 
5*3H 
5*37* 
5*43o 

61385 

6i443 
61501 
61559 
61616 
6*4*1, 
61732 
61790 
61848 

61905 

64*45 
64903 
64960 
65018 
65075 
65133. 
6519a 
65248 
65305 
65363 

68287 

68345 
68402 

6*459 
68516 

68574 
68631 
68698 

6*745 
68802 

71712 
71769 
71826 
71883 
71940 
71990 
7*053 
721 10 

7*167 
72*24. 

\m 
II 

12 
19 
14 
15 
IB 
17 
IS 
It 

5  0 
15 

90 

45 

0  0 

15 

90 
45 

7  • 
19 

37*53 
3*>3«* 
3737* 
3743* 
3749* 
3755* 
37612 

3767* 
3773* 
3779* 

40838 
40898 

4095* 
41017 
41077 
41136 
41 196 
41*56 
4U«5 
4»375 

444o6 
44465 
445*4 
445*3 
44*43 
4470* 
4476i 
44**o 
44**o 
44939 

47954 
48013 

4*07* 
4*131 
48190 

4**49 
4*308 
4*367 
4*4*6 
4*4*5 

514*4 
5i|4* 
51601 
51660 
51718 
5«777 
51836 

51*94 
51953 
52012 

54995 
55053 
55112 
55170 
55228 
55**7 
55345 
55403 
5546* 
555*o 

5*4** 
5*546 
5*604 
58662 

5*7*o 
5*77* 
58836 

5**94 
5*953 
59011 

61963 
62021 
62079 
62136 

6*194 
62252 
62310 
62367 

6*4*5 
6*4*3 

654*0 
6547* 
65535 
65593 
65650 
65707 
65765 
65822 
65880 
65937 

08859 
68917 
68974 
69031 
69088 

69H5 
69202 
69260 
•9317 
69374 

7229i 
7*33* 
7*395 
7*45* 
72509 

7*565 
7*622 

7*679 
7*73* 
7*793 

99 
21 
22 
23 
24 
25 
20 
27 

20 

90 

45 

•  0 
15 
90 
45 

9  0 
15 
90 
45 

3785* 
379" » 
37971 
38031 
38091 
38151 
38211 
38270 
38330 
38390 

4»434 
4«494 
41553 
41613 
41672 

4173* 
4179* 
41851 

41911 
41970 

4499* 
45057 
45"7 
45'76 
45*35 
45*94 
45354 
454"3 
4547* 
45531 

4*543 
48602 
48661 
48720 
4*77? 
4**3* 
4**97 
4*956 
49015 
49°74 

52070 

5*1*9 

52187 
52146 
5*305 

5*363 
5*4** 
52480 

5*539 
5*59* 

5557* 
55637 
55695 
55753 
55*i* 
55*70 
559** 
559*7 
56045 
56103 

59069 
59«7 
59i*5 
59*43 
59301 

59359 
59417 
59475 
59533 
59591 

62541 
62598 
62656 
62714 
62771 
62829 
62887 
62944 
63002 
63060 

111?95 
66052 

66110 

66167 

66224 

66282 

66396 

ft! 

6943« 
69488 

32 

69650 
69716 
69774 
69*31 
69888 

69945 

72850 
72906 

7*963 

73020 

73077 
73133 
73190 
73*47 
73304 
7336i 

90 
31 
92 

33 
34 
35 

30 
97 
38 

39 

10  0 
15 
90 
45 

11  0 
15 
90 
45 

19  0 
15 

3*45o 
38510 
3*570 
38629 
38689 

38749 
38809 
38869 
38928 
38988 

42030 
42089 

4*149 
42208 
42268 
4*3*7 
4*3*6 
4*4f6 
4*505 
4*565 

45590 
45650 
4570? 
4576* 
45**7 
45**6 
45945 
46005 
46064 
46123 

49133 
49191 

49*50 
49309 
4936* 
494*7 
494*6 
49545 

*££ 

49662 

52656 
5*715 
5*773 
52832 
52890 

5*949 
53007 
53066 

53«5 
53>*3 

56161 
56220 
5627* 
56336 
56394 
56453 
565" 
56569 
56627 
566*5 

59649 
597o6 

59764 
59822 
59**o 
5993* 
5S996 
60054 
60112 
60170 

63118 
63175 
63*33 
63291 

6334* 
63406 
63463 
63521 

63636 

66683 
66741 
66798 
66855 

66970 

670*7 
67085 

70002 
70059 
70116 

70173 
70230 
70*87 
70J44 
70401 

7045* 
70515 

7341* 
73474 
7353» 
735** 
73645 
73701 
7375* 
73*15 
73*7* 
739** 

40 
41 
42 
43 
44 
45 
40 
47 
49 
49 

90 

45 

19  0 

!• 

90 

45 

U  0 

15 

5 

3904« 
39108 
39167 
39**7 
39**7 
39347 
39406 
39466 
39526 
395*6 

4*624 
4*6*4 
4*743 
4**03 
41*62 
42921 

499*1 
43040 
43100 
43159 

4618a 
46241 
46299 
46359 
4641J 
4647* 
46537 
46596 
46655 
46714 

497*1 
497*o 
49*39 
49*9* 
49956 
50015 

50074 
50133 
50192 
50250 

53*4* 
533O0 

53359 
53417 
53476 
53534 
53593 
53651 
537io 
5376* 

56744 
56802 
56860 
56918 
56977 
57035 
57093 
57151 
57*09 
57*68 

"60228 
60286 

6o344 
60402 
60460 

60517 

60691 
60749 

63*94 
6375* 
63809 

63*67 
639*4 
63982 
64040 
64097 

64155 
64212 

67142 
67199 

67*57 
67314 
67371 
67429 
674*6 

67600 
67658 

70  m 
70629 
70686 

7074J 
70800 

70857 
70914 

70971 
71028 

71085 

739*5 
7404* 
74099 
74155 
74*i* 
74*69 
743*6 
743** 
74439 
74496 

50 
51 
92 
59 

54 
55 
5C 
67 

58 
50 

Sec.  W  r   4*  5*  6*  7*  8*  9*  JO*  11*  19!  13*  14' 15* 

D.  00.  Parts  48  is  16  20  24  28  32  36  40  44  48  52  56  -60 
D.  97.  P«rtt  4  8  11  15  19  23  27  30  34  38  42  46  49  53  57 

TABLE  69 


849 


l<OG.  sine  square, 

•  0 
16 
30 
45 

1  0 
15 

a> 

45 

2  0 
15 

68° 

59° 

60° 

61° 

0' 
41.4m 

6. 

15' 

30* 
*54" 

46' 

0'  '  15' 

30' 

3h58»" 

J.5' 
3»«6»« 

& 
4*  0" 

16 

4*  lm 

30 

4113m 

4V 
4*  3»» 

3*55" 

3»»56"  3*57" 

9"  5 

7455a 
74609 
74666 

747" 
74779 
74836 

7489* 
74949 
75006 
75062 

93 

77945 
78001 

78057 
78114 
78170 
78*27 
78283 

78339 
78396 
7845* 

9*3 
81320 

81376 
81432 
81488 

8if44 
81600 
81656 
81712 
81768 
81825 

9*3 
84678 

84733 
84789 

84845 
84901 

84957 
S5012 
85068 
85124 
85180 

93 

88018 

88074 

88130 

88185 

88241 

88296 

88351 

88407 

88463 

88518 

939 
134* 
1398 

"453 
1508 
1563 
1619 
1674 
1729 
1784 
1839 

9' 39 
4649 

4704 

4759 
4814 

4869 
49*4 
4979 
5°34 
5089 

5 '44 

9* 

397940 

397995 

398049 

398104 

398159 
398213 
398268 
3983*3 
398377 
3?843* 

940 
1214 
1268 
»3*3 
«377 
>43* 
i486 
1540 

>595 
1649 

1704 

940 
4471 
45*6 
4580 

4634 
4688 

474* 
4796 
4850 
4905 
4959 

9*4 

07713 

07767 
07820 
07874 
07928 
07982 
08036 
08090 
08144 
08197 

94" 

0938 
0991 
1045 
1099 
1152 
1206 
1259 

*3'3 

1367 
1420 

0 
1 
2 
3 
4 
6 
6 
7 
6 
9 

30 
45 

3  0 

15 
30 
45 

4  0 
16 
30 
46 

75»'9 

75176 

75*3* 

75*89 

75345 

75402 

75459 
75515 

7557* 
75628 

78508 

78565 
78621 

78677 
78734 
78790 
78846 
78903 

78959 
79015 

81881 
81937 
81993 
82049 
82105 
82161 
82217 

8**73 
8*329 

8*385 

85236 
85291 

85347 
85403 

85459 
855H 
85570 
85626 
85681 
85737 

88574 
88629 
88685 
88740 
88796 
88851 
88906 
88962 
89017 
89073 

1895 
1950 
2005 
2060 
2116 
2171 
2226 
2281 
2336 
2391 

5  "99 
5*54 
5309 
5364 
5419 
5474 
55*9 
5583 
5638 
56^3 

398487 
39854» 
39f596 
398651 

398705 
398760 
398814 
398869 

3989*4 
32897? 

1758 
1812 
1867 
1921 

>975 
2030 
2084 
2139 
2193 
2247 

5013 
5067 
5121 

5*75 
5**9 
5*83 

5337 

f539« 

5446 

5500 

08251 
08305 
08359 
08413 
08467 
08520 
08574 
08628 
08682 
08736 

'474 

«5*7 
1581 

'634! 
1688, 

'741 
'795 
1849 
1902 
1956 

10 
11 
12 
13 
U 
15 
16' 
17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  o 

15 

75685 
7574* 
75798 
75855 
759'" 
75968 
76024 
76081 
76138 
76194 

79072 
79128 
79'84 
79*40 
79*97 
79353 
79409 
79466 

795** 
79578 

82441 
8*497 
8*553 
82609 
82665 
82721 
8*777 
82833 
82889 

8*945 

85793 
85849 
85905 
85960 
86016 
86072 
86127 
86183 
86239 
86294 

89128 
89184 
89239 

89*95 
89350 
89406 
89461 
89516 
89572 
89627 

*447 
2502 

*557 
2612 
2667 
2722 
2778 

*833 
2888 

*943 

5748 
5803 
5858 
59H 

6023 

6077 
6132 
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56005 
56055 
56105 
56155 
56*05 
56*55 
56305 

56354 
56404 

58944 
58994 
59043 
59093 
59143 
59192 

59*4* 
59292 

59341 
5939' 

61918 
61968 
62017 
62067 
621 16 
62166 
62215 
62265 

6*314 
62363 

M79 
64928 

64977 
65026 
65076 
65125 
65174 
65223 
65272 
65322 

67825 
67874 
679*3 
67972 
68021 
68070 
68119 
68168 
68217 
68265 

70757 
70806 
70854 
70903 
70952 
71000 
71049 
71098 
7"47 
7H95 

73695 
737*3 
7377* 
73820 
73869 
73917 
73966 
74014 
74063 
741 1 1 

76}79 
76627 

76675 
767*4 
76772 
76820 
76869 

76917 
76065 

77013 

79469 
79517 
79565 
79613 
79661 
79700 
79758 
79806 

79854 
79902 

8*346 
8*394 
8*441 
8*489 
8*537 
8*585 
82633 
82680 
82728 
82776 

30 
31 
32 
33 
34 
35 
88 
37 
38 
30 

10  0 
15 
30 
46 

11  0 
15 
30 
46 

19  0 
15 

53453 
53503 
53554 
53604 
53654 
53704 
53754 
53804 
53854 
53904 

56454 

56504 

56604 
56654 

56704 
56754 
56803 

56853 
56903 

59441 
59490 
59540 
59590 
59629 

596«9 
59739 
59788 

59838 
59887 

6*413 
62462 
62512 
62561 
62610 
62660 
62709 

6*759 
62808 

62857 

65371 
654*0 

65469 

a55!8 
65567 

65617 

65666 

65715 

65764 

65813 

68314 
68363 
68412 
68461 
68510 

68559 
68608 
68657 
68706 
68755 

71*44 
71*93 
7134* 
71390 

7H39 
71488 

71536 
71585 
71634 
71682 

74i6o 

74*08 
74*57 
74305 
74354 
7440* 
74451 
74499 
74547 
745^6 

77062 
77110 
77158 
77206 

77*54 
77303 
77351 
77399 
77447 
77496 

79950 
79998 
80046 

80094 
80142 
80190 
80238 
80286 

80334 
80382 

82824 
82872 
82919 
82967 

83015 
83063 
83 1 10 

83158 
83206 

83*54 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
46 

13  0 
15 
30 
46 

U  0 
15 
30 
45 

53954 
54005 

5405S 
54105 
54155 
54*05 

54*55 
54305 
54355 
54405 

56953 

57003 

57053 
57103 

5715* 
57202 

57*5* 

573o* 
5735* 
57402 

59937 
59987 
60036 
60086 

60135 
60185 
60235 
60284 
60334 
60383 

62907 
62956 
63006 

63055 
63104 

63154 
63203 
63252 
63302 
63351 

{5862 
659,1 

&& 

66059 
66108 
66157 
66206 
66255 
66304 

68804 
68853 
68001 
68950 
68999 
69048 
69097 
69146 
69195 
69244 

71731 
71780 
71828 

7i877 
71926 

71974 
72023 
72072 
72120 
72169 

74644 
74693 

74741 
7479° 
74838 
74886 
74935 
74983 
75032 
75080 

77544 
7759* 
7764c 
77688 
77737 
77785 
77833 
77881 

779*9 
77978 

80430 
80478 
80526 

80573 
80621 

80669 

80717 
80765 
80813 
80861 

83302 
83349 
83397 
83445 
83493 
83540 
83588 
83636 
83684 
8373' 

50 
51 
52 
53 
64 
56 
56 
57 
58 
59 
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LOG.  S1KB  SQUAftB 

67° 

68° 

69° 

o. 

0' 

16' 

3f 

45' 

0' 

15' 

30' 

4* 

4*30- 

13' 
4*17- 

3T 
4*38- 

4"  28- 

4*29- 

4*30- 

4*31" 

4*32- 

4*33- 

4*34- 

4*35- 

0  o" 
15 
30 
46 

1  0 
15 
30 
45 

2  0 
16 
30 
45 

3  0 
15 
30 
15 

4  0 
U 
30 
45 

9*4 

83779 

83827 

•3874 
83922 
83970 
84017 
84065 
84113 
84161 
84208 

94 

86635 

86683 

86730 

86778 

86825 

86873 
869*0 
86968 
87015 
87062 

9*4 

89478 

89525 

89572 

89620 

89067 
89714 
89761 
89809 
89856 
89903 

9*4 

92307 

9*354 
92401 
9*448 
9*495 
9*54* 
92589 
92636 
92683 
9*730 

9*4 
95«3 

95170 

95*17 
95*64 
953" 
95357 
954<H 
95451 
95498 
95545 

9* 

4979*6 

497973 

498019 

498066 

498112 

498159 
498206 

498*5* 
498*99 
498345 

95 

00716 

00762 

00809 

00855 

00901 

00948 
OC994 
01040 
01087 
01133 

9*5 

0349* 

03539 

03585 

03631 

03677 

037*3 
03769 
03815 
03862 
03908 

95 
06256 
06301 
06348 

06394 
06440 
06486 

0653* 
06578 
06624 
06669 

9*5 

09007 

09053 
09098 
09144 
09190 

09*35 
09281 

093*7 
09373 
09418 

95 

i«745 

11790 

11836 

1 188 1 

11927 

11972 

12018 

12063 

11109 

"154 

• 
1 

• 

3 

4 
6 

6 

7 

8 
9 

84*56 
84304 

*435" 
84399 
84447 
84494 
8454* 
84590 
84637 

84685 

87110 

87»57 
87205 
87252 
87300 
87347 
87395 
8744* 
87489 

87537 

89950 
89998 
90045 
90092 
90139 
90186 

90*34 
90*81 
90328 

90375 

92778 
91825 
9*87» 
91919 
92966 
93012 

93*59 
93106 

93153 
93200 

95591 
95638 

95685 
9573* 
95778 

958i5 
95872 

95919 
95965 
96012 

49839* 
498438 
49M5 
49853* 
498578 
498625 
498671 
498718 
498764 
498811 

01179 
01226 
01172 
01318 
01365 
01411 

OI457 
01504 
01550 
01596 

03954 
04000 
04046 
04091 

04138 
04184 
04131 

04*77 
043*3 
04369 

06715 
06761 
06807 
06853 
06899 
06945 
06991 

07037 
07083 
07128 

09464 
09510 

09555 
09601 

09647 
09692 

09738 
09784 
09830 
09875 

122CO 
12145 
III9I 
II336 
■  2382 
12417 
I2473 
12512 
I2564 
I2609 

10 
II 
12 
13 
14 
15 
18 
17 
18 
19 

6  0 
15 
30 

45 
•  0 
15 
30 
45 

7  0 
15 

84733 
84780 
84828 

M75 
849*3 
84971 
85018 
85066 
851 14 
85161 

87584 

87^3* 

87679 
877*6 

87774 
87821 
87869 
87916 
87963 
88011 

904*3 
90470 
90517 
90J64 
90611 
90658 
90706 

90753 
90800 

90848 

93*47 
93*94 
93341 
93388 

93435 
9348* 
935*9 
93576 
93623 
93670 

96059 
96106 
96152 

£t9l 
96246 

96*93 
96339 
96326 

96433 
96480 

498857 
498904 
498951 
498997 
499044 
499090 
499"37 
499183 
499*30 
499176 

01643 
01689 

oi735 
01782 
01828 

01874 
01921 
01967 
02013 
01059 

04415 
04461 

04507 

04553 
04599 
04645 
04691 

04738 
04784 
04830 

07174 
07110 
07166 
07311 

07358 

07404 

0745c 
07495 
07$4i 

07587 

099*1 
09967 
icon 
10058 
10103 

10149 
10195 

10140 
10286 
10331 

I2655 

I27OO 

i*745 
11791 
11836 
11881 
11917 

1*973 
13018 
13064 

20 
21 
22 
23 

24 
25 
20 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
JO 
45 

85««9 
85256 

85304 
8535* 
85399 
85447 
85494 
8554* 
85589 
85637 

88058 
88106 
88153 
88200 
88148 
88295 

8834* 
88390 

88437 
88485 

90894 

9°94> 
90989 
91036 
91083 
91 130 
91177 
91124 
91271 
91318 

93717 
93764 
93811 
93858 
93905 
9395* 
93998 

94045 
94092 

94139 

96526 
96573 
96620 
96666 
96713 
96760 
96807 

96853 
96900 

96947 

4993*3 
499369 
499416 
499461 
499509 
499555 

499648 

01106 
C1151 
01198 

01145 
01191 

o*337 
01383 
02430 
01476 
01511' 

04876 
04921 
04968 
05014 
05060 
05106 
05151 
05198 
o5*44 
05*90 

07633 

07679 
07715 
07771 
07816 
07861 
07908 

07954 
08000 
08045 

10377 
10413 
10469 
10514 

10560 

10606 

10651 

1C«97 

1074* 

10788 

13109 

13154 
13100 

13*45 
13*91 
■3336 
13381 
134*7 
1347* 
13518 

30 

31 
32 
33 
34 
35 
36 
37 
38 
30 

499741 

10  0 
15 
30 
45 

11  0 
16 
30 
45 

12  0 
16 

85685 

8573* 
85780 
85827 
85875 
85922 
85970 
86017 
86065 
86113 

88532 
88579 
88627 

88074 
88711 
88769 
88816 
88863 
88910 
88958 

91366 
91413 
91460 
91507 

9M54 
91601 
91648 
91695 

9"74* 
91790 

94186 

94*33 
94280 

943*7 
94374 
944*i 
94467 
945H 
9456i 
94608 

96993 

97040 

97087 

97133 
97180 

97**7 
97*73 
97310 

97367 
97413 

499787 
499834 
499880 

4999*7 
499973 
500010 
500066 
500111 

500159 
500205 

01568 
01615 
01661 
01707 
o*753 
01799 
01846 
01891 
02938 
01984 

05336 
05382 
05418 

05474 
05510 
05566 
05612 
05658 
05704 
05750 

08091 

08137 
08183 
08229 
08174 
08320 
08366 
08412 

08458 
08503 

10833 

10879 
10925 
IC970 

11016 
11061 
11107 
11153 
■  1198 
11144 

13563 
13608 

13654 
13699 

13744 
J3790 
13835 
13881 
13916 
13971 

40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
16 
30 
45 

86160 
86208 
86255 
86303 
86350 
86398 
86445 

86493 
86540 
865** 

89005 
89052 
89100 
89147 
89194 
89242 
89289 
89336 

89383 
89431 

91837 
91884 
91931 
91978 
92025 
92072 
92119 
92166 
92213 
92260 

94655 

94702 

94749 
94795 
9484* 
94889 
94936 

94983 
95030 

95077 

97460 
97507 
97553 
97600 
97446 

97693 
97740 
97786 
97833 
97879 

500152 
500298 

500345 
500391 

500437 
500484 
500530 

500577 
500623 
5CC669 

03030 

03077 
03123 
03169 

03*15 
03161 
03308 

03354 
03400 

03446 

05796 
05842 
05888 

05934 
05980 
06026 
06072 
06118 
06164 
06210 

08549 

08595 
08641 

08687 

0873* 
08778 
08824 
08870 

08915 
08961 

11189 

"335 
1 1380 
11416 
11471 
11517 
11563 
11608 
11654 
11699 

14017 
14062 
14107 

14153 
14198 

14*43 
14289 

■4334 
H379 
144*5 

50 
61 
52 
53 
64 
66 
68 
57 
58 
69 

1 

1*48. 
D.  48. 

s«.  v  rr  4#  o*  r  r  f 

Part*  j  6  10  13  16  19  12  i( 
Purts  36  9  12  is  18  21  2< 

>  19  32 

18  31 

11  12 
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LOft.  SINK  SQUAftB 

69° 

70° 

71° 

72° 

ft. 

45' 
4h36» 

0* 

W 

3* 

45' 

ff 

15' 

30' 

46' 

0' 

15' 

4*40- 

4*41- 

4*42» 

4k43" 

4h44" 

4*  45" 

4*46" 

4*47- 

4*4«» 

4*40«" 

* 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

S  0 
15 

9*5 
14470 

*45«5 
14561 
14606 
1465 1 
14696 
'474* 
14787 
14832 
14878 

9*5 
17183 

■7228 

17*73 
17318 
17363 
17408 

17453 
17498 
17543 
17588 

9*5 

19883 

199*7 

'997* 

20017 

20062 

20107 

20152 

20197 

20242 

20287 

9'5 

11570 

22615 

22659 

12704 

22749 

12794 

22838 

22883 

22928 

12972 

9*5 

*5*45 
15290 

*5334 
*5379 
*54*3 
25468 
25512 

*5557 
25601 

*5645 

17908 
*795* 
*7997 
18041 
28085 
28129 

28174 
28218 
28262 
28306 

95 

30559 

30603 

30647 
30691 

30735 
30779 
30823 
30867 
30911 
30955 

9*5 

33197 

33*41 

33*85 

333*9 

3337* 

33416 

33460 

33504 
33548 
3359* 

9*5 

35823 

35867 

359io 

35954 

35998 

36041 

36085 

36129 

36171 

36116 

9*5 

38437 

38481 

385*4 
38568 
38611 

38655 
38698 

3874* 
38785 
38828 

9' 5 

41040 

41083 

41 126 

41169 

41*1? 

41256 

41299 

4134* 

41386 
41429 

0 
1 
* 

3 
4 
5 
6 
7 
8 
0 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

H9*3 
14968 
15014 
15059 
15104 
«5i49 
i5»95 
15240 
15285 
15330 

«7633 
17678 
177*4 
17769 
17814 
17859 
17904 
17949 
17994 
18039 

10331 

20376 
20421 
20466 
20511 
20556 
20600 
20645 
20690 
*©735 

•3017 
13062 
23106 

13151 
13195 
23240 
23285 
*53*9 
•3374 
2W? 

25690 
•5734 
*5779 
15813 
15868 
15911 

*5957 
26001 
16045 
26090 

18351 
28395 

*8439 
28483 
28528 
28572 
28616 
28660 
28704 
28749 

30999 
31043 
31087 
31131 
3"75 
31*19 
31263 
31307 
3i35i 
3'395 

33635 
33679 
337*3 
33767 
33811 

33854 
33898 
3394* 
$3986 
34030 

36160 
36303 

36347 
36391 

36434 
36478 
36521 
36565 
36609 
36652 

38872 
38915 

38959 
39001 

39046 

39089 

3913* 
39176 

39*19 
39263 

4'47* 
4MM 
41559 
41601 

41645 
41688 

41731 

41775 
41818 
41861 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

5  0 
15 
30 
45 

€    0 
15 
30 
45 

7  0 
15 

'5376 
15421 
15466 
15511 

15557 
15602 

15647 
15692 

15737 
15783 

18084 
18129 

18174 
18119 
18264 
18309 

'8354 
18399 

18444 
18489 

20780 
20825 
20869 
20914 
20959 
21004 
21049 
21094 
21138 
21183 

*3463 
23508 

*355* 
*3597 
23642 
23686 
*373' 
*3775 
23820 
13865 

26134 
16179 
26223 
26267 
26312 
26356 
26401 
26445 
26489 
*6534 

28793 
28837 
18881 
28926 
28970 
29014 
29058 
29101 
19146 
i9ipi 

3«439 
3'483 
3 '5*7 
31571 
31615 
31659 
31703 
31747 
31791 
3'835 

34074 
34"7 
34i6i 
34205 

34*49 
34*93 
34336 
3438o 

344*4 
34468 

36696 
36740 
36783 
36827 
36870 
369M 
36957 
37ooi 

37045 
37088 

393o6 
39349 
39393 
39436 
3948o 
395*3 
39566 
39610 

39653 
39697 

41904 
41948 
41991 
4*034 

4*077 
42120 

4*164 
42207 
4**50 
4**93 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

15828 

'5873 
15918 

■59*3 
16009 
16054 
16099 
16144 
16 189 
16235 

18534 
18579 
18624 
18669 
18714 
■8759 
18804 
18849 
18894 
18939 

21228 
21273 
21317 
21362 
21407 
21452 
21497 
2 1 541 
21586 
21631 

23909 

*3954 
23998 

*4<543 
24087 
24132 

*4'77 
14221 
24266 
24310 

16578 
26623 
26667 
267  n 
26756 
26S00 
26844 
26889 
26933 
26977 

19235 
29279 

*93*3 
29367 
2941 1 
29456 
29500 

*9544 
29588 
29632 

31879 
319*3 
3i967 
3201 1 

3*055 
32099 

3*143 
32187 
32231 
3**75 

345" 
34555 
34599 
34643 
34687 
3473o 
34774 
34818 
34862 
34905 

3713* 
37175 
37*i9 
37*62 
373o6 
37350 
37393 
37437 
3748o 
375*4 

39740 
39783 
398*7 
39870 

399'3 
39957 
40000 

40043 
40087 
40130 

4*336 
4*379 
4*4*3 
42466 
42509 
4*55* 
4*595 
4*638 
42681 

4*7*5 

30 
31 
32 
33 

34 
35 
36 
37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

16280 
16325 
16370 
16415 
16460 
16506 

16596 
16641 
16686 

18984 
19029 
19074 

i9"9 
19164 
19209 

19*54 
19299 

19344 
19389 

21676 
21720 
21765 
21810 
21855 
21899 
21944 
21989 
22034 
22078 

*4355 
24400 

*4444 
*4489 
*4533 
24578 
24622 
24667 
24711 
24756 

27022 
27066 
17110 

*7'55 
27199 
27244 
27288 

*733* 
27376 
27421 

29676 
29721 
29765 
29809 
19853 
19897 
19941 
29985 
30029 
30074 

32319 
3*363 
3*407 
3*45i 
3*495 
3*538 
32581 
32626 
32670 
3*7H 

34949 
34993 
35037 
35080 

35 '*4 
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45608 

4565" 
45694 

45737 

479*1 
47964 
48006 
48049 
48092 
48135 
48177 
48220 
48263 
48305 

50480 
50521 

50565 
50608 
50650 
50693 

50735 
50778 
50820 
50863 

530*7 
53070 
53112 
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P.  41.  Part*  3  5  8  n  14  16  19  22  24  27  30  35  35  38  41 

I).  39.   Parts  3  5  8  10  13  15  18  21  23  26  29  31  33  36  39 

856 


TABLE  60 


LOG.  SINE  8QUAKB 

78° 

79° 

80° 

». 

0' 

15' 

9T 

45' 

0* 

15' 

90' 

45' 

0' 

16' 

1  9f 

5*  la- 

5*!9» 

5*  I4- 

5M6» 

6M0- 

5M7- 

6*18- 

5*19- 

5*20- 

5*91" 

5*29" 

#   /« 

•  0 

1ft 

90 
45 

1  0 
15 
90 
45 

9  0 
15 

9* 

597744 
5977»3 
597822 
597861 

5979°° 
597939 
597978 
598017 
598056 

96 

00078 
00117 
00156 
00195 
00234 
C0273 
003 1 1 
00350 
00389 
00428 

96 

02403 

02442 

02480 

02519 

02558 

02596 

02635 

02674 

02712 

02751 

9-6 

04717 
04756 

04794 
04833 
04871 
04910 
04948 
04986 
05025 
05063 

96 

07021 
07059 
07098 
07136 
07174 
07213 
07251 
07289 
07327 
07366 

96 

093'5 
09353 
09391 
09429 
09467 
09505 

09544 
09582 
09620 
09658 

9'6 

1.598 

11636 

11674 

11712 

11750 

11788 

11826 

11864 

11902 

11940 

96 

13872 

13909 

13947 

'3985 

14023 

1406 1 

14098 

14136 

14174 
14112 

96 
16135 

16173 
16210 
16248 
16285 
16323 
16361 

16436 

16474 

96 

18388 

18426 

18463 
18501 
18538 
18576 
18613 
1865 1 
18688 
18725 

91 
20632 

20669 

10706 

*©744 
20781 
20818 
20855 
20893 
20930 
^20967 

0 

1 

9 
3 

4 
9 
6 
7 

8 
9 

90 
45 

9  0 
U 
30 
45 

4  0 
15 
90 
45 

59*«33 
598172 
5982  n 
598250 
598289 
598328 
598367 
598406 
598445 
59«4«4 

00467 
00505 
00544 
00583 
00622 
00661 
00699 
00738 
00777 
00816 

02789 
02828 
02867 
02905 
02944 
02982 
03021 
03060 
03098 
oji}7 

05102 
05140 
05179 
05217 
05256 
05294 
0533* 
05371 
05409 

05448 

07404 
07442 
07481 
07519 
°7557 
07595 
07634 
07672 
07710 
07748 

09696 

09734 
09772 
09810 
09848 
09886 
09925 
09963 
10001 

10039 

11978 
12016 
11*54 
12092 
12130 
12168 
12205 
12243 
12281 
1*319 

14250 
14*87 
143*5 
14363 
14401 
14438 
14476 
H514 
1455* 
14589 

165 1 1 
16549 
16586 
16624 
16661 
16699 
16737 

16774 
16812 
16850 

18763 
18800 
18838 
18875 
18913 
18950 
18987 
19025 
19062 
19100 

21005 
21042 
21079 
21116 
21154 
21191 
21228 
21266 
21303 
21340 

le 
11 
12 
13 
14 
lo 
16 
17 
18 
10 
211 
21 
22 
23 
24 
25 
26 
27 
98 
29 

5    0 
15 
90 
45 

•  0 
15 
30 
45 

7  o 

15 

59J5J3 
598562 
598601 
598640 

598679 
598718 

5ff75Z 
398796 

598834 

5?8,7J 

00854 
00893 
00932 
00971 
01009 
01048 
01087 
01126 
01164 
01203 

03175 
03214 
03253 
03291 
03330 
03368 
03407 
03446 
03484 

035*3 

05486 

055*5 
05563 
05601 
05640 
05678 
05717 
05755 
«>5794 
05832 

07787 
07825 
07863 
07901 
07940 
07978 
08016 
08054 
08093 
08131 

10077 

101 15 

10153 

10191 
10129 

10267 

10305 

»0343 
10381 
10420 

i*357 
11395 

«*433 
1*471 
12509 

»*547 
12585 
12622 
12660 
12698 

14627 
14665 
14703 
H74o 
H778 
148 16 

14854 
14891 
14929 
14967 

16887 
16925 
16962 

17000 
17037 
17075 
i7"3 
17150 
17188 
17225 

19137 
19175 
19212 

19*49 
19287 
19324 
19362 
19399 
19436 
19474 

*i377 
21415 
21452 
21489 
21526 
21564 
21601 
21638 
21675 
2 171* 

30 
45 

•  0 
15 
90 
45 

9  0 
15 
30 
45 

598912 
598951 
598990 
599029 
599068 
599107 

599 >46 
599'85 
599**4 
599262 

01242 
01281 
01319 
01358 
01397 
01436 

oi474 
01513 
01552 

O.?0l 

03561 
03600 
03638 
03677 
03716 

03754 
«>3793 
03831 
03870 
03908 

05870 
05909 

05947 
05986 
06024 
06062 
06101 
06139 
06177 
06216 

08169 
08207 
08246 
08284 
08322 
08360 
08398 
08437 

08475 
08513 

10458 
10496 

»°534 
10572 
10610 
10648 
10686 
10724 
10762 
io8co 

12736 

1*774 
12812 
12850 

11888 
12926 
12963 
13001 
13039 
13077 

15005 
15042 
150S0 
15118 
15155 
15193 
15231 
15269 
15306 
15344 

17263 
17300 
17338 
17376 
17413 

1745' 
17488 
17526 
17563 
17601 

19511 

19549 
19586 
19623 
1966 1 
19698 
19736 

19773 
19810 
19848 

21749 

21787 
21824 
21861 
21899 
21936 
21973 
22010 
22047 
22085 

30 

31 

92 

33 

34 

35 

36 

37 

38 

39 

40" 

41 

42 

43 

44 

4."> 

46 

47 

48 

49 

5<> 

51 

52 

54 
55 
66 

*7 
58 
59 

10  0 
15 
30 
45 
1  0 
15 
30 
45 

12  0 
15 

599301 
599340 
599379 
5994*8 

599457 
599496 

599535 
599574 
599612 

599651 

01629 
01668 

01707 

01745 
01784 
01823 
01861 
01900 
01939 
01978 

03947 
03986 
04024 
04063 
04101 
04140 
04178 
04117 

<H*55 
04294 

06254 
06293 
06311 
06369 
06408 
06446 
06484 
06523 
06561 
06599 

08551 
08589 
08628 
08666 
08704 
08742 
08780 
08819 
08857 
08895 

10838 
10876 
10914 
10952 
10990 

11028 
1 1066 
11 104 

11142 
11180 

13115 

'3153 
13191 
13229 
13266 
13304 
1334* 
13380 
13418 
13456 

15383 
>54i9 
15457 
>5495 
1553* 
15570 
5608 

15645 
15683 

15721 

17638 
17676 
17713 
17751 
17788 
17826 
17863 
17901 
17938 
17976 

19885 
19922 
19960 

19997 
20034 
20072 
20109 
20146 
20184 
20221 

22122 
22159 
22196 
22233 
22271 
22308 
22345 
22382 

22419 
22456 

22494 
22531 
22568 
22605 
22642 
22679 
22717 

**754 
22791 
22828 

90 

45 

19  0 

15 

90 
45 
14  0 
15 
90 
45 

599690 

5997*9 
599768 

5998o7 
599845 
599884 

5999*3 
5999** 

600001 
600040 

02016 
01055 
02094 
02132 
02171 
02210 
02248 
02187 
02316 
02364 

04332 
04371 
04409 
04448 
04486 

045*5 
04563 
04602 
04640 
04679 

06638 
06676 
06714 
06753 
06791 
06829 
06868 
06906 

06944 
06983 

08933 
08971 
09009 
09048 
09086 
09124 
09162 
00200 
09238 
09277 

11218 
11256 

11294 
11332 

11370 

1 1408 

11446 
11484 

1 1 560 

13493 
13531 
13569 
13607 

13645 
13683 
13720 
13758 
13796 
13834 

15758 
15796 

15834 
15871 
15909 

15947 
15984 
16022 
16060 
16097 

18013 
18051 
18088 
18126 
18163 
18201 
18238 
18276 
18313 
18351 

20258 
20196 

*0333 

10371 
20408 

*°445 
20482 
20520 
20557 
20594 

D.  30 
D.  37 

Sec. 
.  P«t 
.  Part 

V   2' 

■  3  5 

•  *  5 

3'  4' 

8  10 
7  10 

6'  C  V    8' 

13  i,  18  21 
12  15  17  20 

r  10 

23  xi 

22  2f 

29  3 

27  * 

r  13' 

1  33 
9  3* 

14*  15* 

36  39 
34  37 

TABLE  09 


857 


LOG.  SINE  SQUARE 

80° 

81° 

82° 

83° 

a. 

45> 

Ot 

15' 

30' 

46' 

0* 

16' 

30' 

45' 

Of 

16' 

6)123" 

5*»24« 

6»'25" 

^ao- 

6*27" 

6*28* 

5*»20- 

5>30» 

6*31" 

6*1*» 

5b  33m 

'  tt 

9-6 

9'6  . 

9-6 

9-6 

96 

9-6 

96 

96 

96 

9'6 

9-6 

0  0 

22865 

25089 

17303 

29507 

31701 

33886 

36061 

38226 

40383 

4*5*9 

44666 

0 

16 

22902 

25126 

*7339 

*9543 

3»73« 

33922 

36097 

38*63 

40418 

4*565 

44702 

1 

30 

22939 

15163 

27376 

29580 

3*774 

33958 

36133 

38*99 

40454 

42601 

44737 

*• 

at 

45 

22977 

25200 

*74*3 

29617 

31811 

33995 

36169 

38335 

4049c 

42636 

44773 

1 

1  0 

23014 

*5*37 

*745° 
27487 

19653 

3i«47 

34031 

36206 

38371 

40526 

42672 

44808 

4 

16 

23051 

*5*74 

19690 

31884 

34067 

3624* 

38407 

40562 

42708 

44M 

6 

30 

23088 

153 1 1 

27524 

19727 

31920 

34104 

36278 

38443 

40598 

4*743 

44880 

0 

45 

23125 

2534* 

27560 

29763 

31956 

34>4o 

36314 

38479 

40633 

4*779 

449*5 

7 

2  0 

23162 

*53«5 

*7597 
27634 

19800 

3*993 

34*76 

36350 

385*5 

40669 

4*8*5 

4495* 

» 

15 

23199 

25422 

19837 

32029 

34213 

36386 

3855* 

40705 

4*850 

44986 

9 

80 

*3*37 

*5459 

27671 

29873 

32066 

34*49 

36422 

38587 

40741 

42886 

45C22 

10 

45 

*3*74 

*5495 

27707 

29910 

32102 

34*85 

36459 

38622 

40777 

42922 

45057 

II 

3  0 

23311 

*553* 

*7744 

29946 

32139 

343** 

36495 

38658 

40813 

4*957 

45c93 

12 

16 

*334* 

25569 

27781 

29983 

3**75 

34358 

3653> 

38694 

40848 

4*993 

45**8 

13 

30 

*33*5 

25606 

27818 

30020 

32212 

34394 

36567 

38730 

40884 

43o*9 

45164 

14 

45 

23422 

25643 

*7*55 

30056 

3**48 

3443o 

36603 

38766 

40920 

43064 

45*99 

15 

4  0 

*3459 

25680 

27891 

30093 

32285 

34467 

36639 

38802 

40956 

43100 

45*35 

10 

16 

23496 

*57i7 

27928 

30129 

32321 

34503 

36676 

38838 

40992 

43*36 

45270 

17 

80 

*3533 

*5754 

27965 

30166 

32357 

34539 

36712 

38874 

41027 

43*7* 

45306 

IK 

46 

*357© 

*579* 

28002 

30203 

3*394 

34576 

36748 

38910 

4*063 

43207 

4534' 

19 

5  0 

23607 

25828 

28038 

30239 

3*43o 
32467 

34612 

36784 

38946 

41099 

43*43 

45377 

20 

15 

*3645 

25865 

28075 

30276 

34648 

36820 

38982 

4**35 

43*78 

45412 

21 

30 

23682 

25902 

28112 

30312 

3*503 

34684 

36856 

39018 

4**7* 

433*4 

45448 

22 

45 

2371; 
*375* 

*5939 

28149 

30349 

32540 

34721 

36892 

39054 

41206 

43349 

45483 

23 

€    0 

*5975 

28185 

30386 

32576 

34757  3*9*8 

39090 

41242 

43385 

455*9 

24 

15 

*3793 

26012 

18222 

30422 

3261.3 

34793 

36964 

39126 

4**78 

43421 

45554 

26 

30 

23830 

26049 

28259 

3<H59 

32649 

34829 

37000 

39162 

4*3*4 

43456 

4559° 

20 

45 

23867 

26086 

28296 

30495 

32685 

34866 

37037 

39198 

4*35° 

4349* 

456*5 

27 

7  o 

23904 

26123 

28332 

30532 

32722 

34902 

37073 

39*34 

4*385 

435*8 

45660 

28 

15 

23941 

26160 

28369 

30569 

3*75* 

34938 

37109 

39*7o 

4*4** 

43563 

45696 

20 

30 

23978 

26197 1  28406 

30605 

3*795 

34975 

37*45 

39306 

4*457 

43599 

4573' 

30 

45 

24015 

26234  28443 

30642 

32831 

35011 

37181 

3934* 

4*493 

43635 

45767 

31 

5  0 

24052 

26271 

*8479 

30678 

32867 

35047 

37217 

39378 

41529 

43670 

45802 

32 

16 

24089 

26308 

28516 

307"5 

3*904 

35083 

37*53 

394*4 

41564 

43706 

45838 

33 

30 

24126 

26345 

a**553 

3075  > 

3*94o 

35120 

37*89 

39449 

41600 

4374* 

45873 

34 

45 

24164 

26381 

28590 
28626 

30788 

3*977 

35*56 

373*5 

39485 

41636 

43777 

45909 

35 

0  0 

24201 

26418 

30824 

33013 

35192 

37361 

39521 

41672 

438i3 

45944 

30 

15 

24238 

26455 

28663 

30861 

33049 

35**8 

37397 

39557 

41707 

43848 

45980 

37 

30 

24275 

26492 

28700 

30898 

33086 

35*65 

37434 

39593 

4*743 

43884 

46015 

3« 

4* 

24312 

26529 

28736 

30934 

33122 

353oi 

37470 

30629 

4*779 

4J9'9 

46050 

30 

10  0 

*4349 

26566 
26603 

28773 

30971 

33>59 

35337 

375o6 

39665 

4*8*5 

43955 

46086 

40 

15 

24386 

28810 

31007 

33"95 

35373 

3754* 

39701 

41850 

4399* 

46121 

41 

30 

24423 

26639 

28846 

31044 

33*3« 

35409 

37578 

S9737 

41886 

44026 

46i57 

42 

45 

24460 

26676 

2S883 

31080 

33268 

35446 

37614 

39773 

41922 

44062 

46191 

43 

II  0 

*4497 

2*713 

28920 

3***7 

33304 

35482 

37650 

39808 

4*958 

44097 

46228 

44 

16 

*4534 

26750 

**957 

3**53 

3334' 

355*8 

37686 

39844 

4*993 

44*33 

46263 

45 

30 

»457i 

26787 

28993 

31190 

33377 

35554 

37722 

39880 

42029 

44169 

46298 

46 

46 

24608 

26824 

29030 

31226 

334*3 

35590 

37758 

39916 

42065 

44204 

46334 

47 

12  0 

24645 

26861 

29067 

31263 

33450 

35627 

37794 

3995* 

42101 

44240 

46369 

48 

15 

24682 

26898 

29103 

31300 

33486 

35663 

37830 

39988 

42136 

44*75 

46405 

49 

50 

30 

24719 

26934'  29140 

31336 

335** 

35699 

37W6 

40014 

42172 

443" 

46440 

45 

24756 

26971 

29177 

3*373 

33559 

35735 

37902 

40060 

42208 

44346 

46476 

61 

13  0 

*4793 

27008 

29213 

3 '409 

33595 

35771 

37938 

40006 

42243 

44382 

465 1 1 

62 

15 

24830 

27045 

29250 

31446 

33*3» 

35808 

37974 

40131 

40167 

42279 

444*7  46546 

53 

30 

24867 

27082 

29287 

31482 

33668 

35844 

38010 

4*3*5 

44453 

46582 

64 

45 

24904 

271 19  29323 

31519 

33704 

35880 

38046 

40203 

4*35' 

44489 

46617 

55 

U  0 

24941 

*7*55 

29360 

3'555 

3374o 

359'6 

38082 

4C239 

42386 

445*4 

46653 

6fi 

15 

24978 

27192 

29397 

3  "59* 

33777 

3595* 

38 118  40275 

42422 

44560 

16688 

57 

30 

25015 

27229 

*9433 

31628 

33*'3 

35988 

38154  4C3U 

42458 

44595 

46723 

58 

45 

75052 

27266 

29470 

31665 

33849 

36025 

38190  Uc 347 

4*493 

44631 

46^9  50 

8w.  K  2'  3'  4'  5'  6'  V   8'  0"    10'  II*  12'  13'  14*  15' 

l>.  37.  Parts  i  5  7  10  u  15  17  20  2i  2$  27  29  32  34  37 

I*.  35.  Paris  2  5  7   9  12  14  16  19  21  23  26  28  30  33  3^ 

85* 

TABLE  (9 

LOO.  SINE  8QUARB 

83° 

84° 

86° 

86° 

0* 

o. 

W        4f 

tf   1ft' 

30* 

4ft' 

tf 

is' 

10' 

4ft' 

•*  14-;  ft*  w 

t>M» 

ft^lT* 

ft*!*- 

ft*  It- 

ft>40" 

ft*41- 

ft>42» 

ft>43- 

ft>44- 

J      » 

9-6 

9-6 

9*6 

96 

9'6 

96 

9-6 

96 

9* 

9'6 

96 

•  • 

46794 

48913 

51022 

531** 

$5*i* 

57*94 

59367 

61430 
61464 

63485 

S5 

67567 

• 

ft 

45!i* 

48948 

51057 

53«57 

55*47 

573*9 

59401 

63519 

67601 

1 

SO 

46865 

48983 

51092 

5319* 

55282 

5736j 
57398 

59436 

61499 

63553 

65598 

67634 
67668 

S 

4ft 

46900 

49018 

5H*7 

51**6 

55317 

5947o 

61567 

61602 

63587 

65632 

1 

t  € 

46936 

49053 

51162 

53*6i 

5535* 

57433 

59504 

63621 

65666 

67702 

4 

Ift 

4*971 

49089 

5H97 

53*96 

55386 

57467 

59539 

63655 

65700 

67736 

ft 

10 

47006 

49"*4 

51232 

53331 

554*i 

575o* 

59573 

61636 

63690 

6578 

67770 

6 

4ft 

4704* 

491 59 

51267 

53366 

55456 

57536 

59608 

61670 

637*4 

67804 

7 

t  o 

47077 

49194 

51302 

534oi 

55491 

57571 

5964* 

61705 

63758 

65802 

67837 

• 

15 

47"3 

49*30 

51337 

53436 

555*5 

576o6 

59677 

61739 

63792 

65836 

67871 

t 

at 

4714* 

49265 

5137* 

53471 

5556o 

57640 

597" 

61773 

63826 

65870 

67905 

10 

4ft 

47183 

493oo 

5«407 

535o6 

55595 
55630 

57675 

59746 

61807 

63860 

65904 

67939 

11 

3  • 

47*19 

49335 

5144* 

53541 

57709 

5978o 

61842 

63894 

65938 

67973 

12 

Ift 

47*54 

49370 

5H78 

53575 

55664 

57744 

59815 

61876 

639*9 

&2 

68007 

11 

90 

47**9 

49406 

3C5I3 
51548 

53610 

$5699 

57779 

59849 

61910 

63963 

68041 

14 

4ft 

473*5 

49441 

53645 

55734 

57813 

59883 

61945 

63997 

66040 

68074 

Ift 

4  0 

4?3*> 

49476 

i:i!i 

5368o 

55768 

57848 

599'8 

61979 

64031 

66074 

68108 

16 

1ft 

47395 

495" 

53715 

55803 

57882 

5995* 

62013 

64065 

66108 

68142 

17 

30 

474}  1 

49546 

win 

5375° 
53785 

55838 

57917 

59987 
60021 

6*047 

64099 

66142 

68176 

18 

4ft 

474*6 

4958* 

55873 

57951 

62082 

64133 

66176 

68210 

It 

ft  0 

4750" 

49617 

517*3 

538*o 

55907 

57986 

60055 

62116 

64167 

66210 

68243 

10 

»:> 

47537 

4965* 

51758 

53855 

5594* 

58021 

60090 

62150 

64201 

66*44 

68277 

SI 

30 

47J7* 
47&>7 

49687 

51793 

53889 

55977 

58055 

60124 

62184 

64*36 

66278 

68311 

21 

4ft 

497** 

51828 

539*4 

56012 

58090 

60159 

62219 

64270 

66312 

68345 

S3 

6  o 

47*43 

49757 

5186? 

53959 

56046 

58i*4 

60193 

6**53 

64304 

66346 

68379 

14 

ift 

47678 

49793 

51898 

53994 

56081 

58i59 

60228 

62287 

64338 

66380 

68413 
68446 

Ift 

:mi 

477'3 

498*8 

51933 

54029 

56116 

58193 

60262 

62321 

64372 

66414 

26 

4ft 

47749  498*1 

51968 

54064 

56150 

58228 

60296 

6*356 

64406 

66448 

68480 

27 

7  o 

47784 

49898 

52003 

54099 

56185 

58262 

60365 

62390 

64440 

66482 

68514 

28 

i;> 

47819 

49933 

72038 

54133 

56220 

58»97 

62424 

64474 

66516 

68548 

20 

30 

47854 

49968 

5*073 

54168 

56*54 

5833* 
583*6 

00400 

6*458 

64508 

66550 
665S4 

68582 

30 

4ft 

47890 

50003 

52108 

54*o3 
54*38 

56289 

60468 

6*493 

64543 

68615 

11 

•  0 

479*5 

50039 

5*143 

5$3*4 

58401 

6*5*7 

64577 

66617 

68649 

It 

Ift 

47960 

50074 

52178  54273 

56359 

58435 

$0503 

62561 

64611 

66651 

68683 

31 

30 

4799* 

50109 

5**13154308 

56393 

58470 

60537 

62595 
62630 
62664 

64645 

66685 

68717 

34 

4ft 

48031 

50144 

52248  54343 

56428 

58504 

60571 

64679 

66719 

68751 

Sft 

t  0 

48066 

50179 

5**83 
52318 

54377 

56463 

58539 

60606 

64713 

66753 
66787 

68784 

36 

Ift 

48102 

50214 

5441* 

56497 

m 

60640 

62698 

64747 

68818 

37 

30 

48137 

50249 

5*353 

54447 

56567 

60675 

62732 
62767 

64781 

66821 

68852 
68886 

38 

4ft 

4817* 

J0285 

5*388 

5448* 

58642 

60709 

64815 

66875 

30 

It  0 

48207 

50320 

5*4*3 

54517 

56601 

58677 

60743 

62801 

M49 

66889 

68919 

40 

Ift 

48*43|50355 
48278  |  50390 

5*458 

54551 

56636 

58711 

60778 

6*815 
62869 

64883 

669*3 

68953 

41 

30 

5*493 

54586 

56671 

58746 

60812 

64917 

66957 

68987 

42 

4ft 

4*3«3' 504*5 

5*528 

54621 

56705 

58780 

60846 

62903 

64951 

66991 

69021 

43 

11  0 

48349 1  50460 
48384  50495 

5*563 
5*598 

5**13 

54656 

56740 

58815 

60881 

62938 

64985 

67024 

69054 

44 

lb 

54691 

56775 

58849 

60915 

62972 

65020 

67058 

69088 

4ft 

90 

48419 1  50530 
48454  50566 
48490.  50601 

547*5 

56809 

58884 

60949 

63006 

65054 
65088 

67092 

69122 

46 

4ft 

52668 

5476o 

56844 

58918 

60984 

63040 

67126 

69156 

47 

It  0 

52702 

54795 

56879 

58953 

61018 

63074 

65122 

67160 

69189 

48 

Ift 

485*5  50636 

5*737 

54830 

569»3 

58987 

61053 

63109 

6.5156 

67194 

69223 

40 

50 

10 

48560 

50671 

5*77* 

54865 

56948 

59022 

61087 

63143 

65190 

67228 

69257 

4ft 

48595 

50706 

52807 

54900 

56982 

59056 

6im 

63177 

65224 

67262 

69291 

ftl 

11  t 

48631 

|074« 

52842 

54934 
549*9 

57017 

51091 

61 156 

63211 

65258 

67296 

693*4 

ftt 

Ift 

48666 

50776 

5*877 

5705* 

591*5 

61190 

63245 

65292 

67329 

69358 

ft3 

10 

48701.  508 11 

52912 

55004 

57086 

59160 

61224 

63280 

65326 

67363 

69392 

64 

4ft 

48736  50846 

5*947 

55039 

57i*i 

59"94 

61259 

633H 

65360 

67397 

694*6 

» 

<l  o 

4877*|5o88i 

52982 

55073 

57156 

59**9 

61*93 

63348 

65394 

67431 

65459 

66 

1    1A 

48807  50917 

53017 

55108 

57190 

59263 

61327 

63382 

65428  1  67465 

69493 

*7 

10 

48842  S0952 

5305* 

55H3 

57**5 

59298 

61362 

63416 

65462  1  67499 

69527 

ft8 

a 

48877  |  50987 

53087 

55178 

57260 

5933* 

61396 

63450 

65496  1 67533 

69561 

ft* 

[             S«*\  VI 

r  3'  4*  ft'  <T  7'  V    0*  10*  IV  12'  13'  14'  Ift' 

D.  3ft.  Part*  25  7  9  12  14  16  19  21  23  26  28  30  33  35 

TABLE  60 


869 


LOG.  BINE  SQUARE 

8e° 

87° 

88° 

ft. 

5*46- 

3C 
5*46- 

46' 

* 

iy 

30' 

46' 

0* 

15' 

9& 

45' 

6*47" 

5*48- 

5*49- 

6*60- 

6*61" 

6*62- 

6*53- 

6*64-f6*66- 

'  1* 
0  0 

15 

30 

46 

t  0 
15 
30 
46 

2  0 
15 

69662 

69695 

A97? 
69763 

69797 
6983O 
69864 
69898 

71613 

71647 
71680 
71714 
71747 
71781 
71815 
7iM 
71882 
71915 

9'6< 
73623 

73$57 

73690 

737*3 

73757 

7379° 

73824 

73857 

73890 

739*4 

756*4 
75658 
75691 
757*4 
75757 
75791 
758*4 
75857 
75891 
759*4 

9i 

77617 
77650 
77683 
77716 

77749 
77783 
77816 

77849 
77882 

77915 

79601 

79634 

79667 
79700 

79733 
79766 

79799 
7983* 
79865 
79898 

96 

81576 

81609 

81642 

81674 

81707 
81740 

8i773 
81806 
81839 
81872 

9*6 

83543 

83575 

83608 

83641 

83673 
83706 

83739 
83771 
83804 
83857 

96 
85501 

85533 
85566 
85598 

85631 
85663 
85696 
857*8 
85761 
85794 

96 

87450 

87482 

875'5 
87547 
87580 
87612 
87644 
87677 
87709 
8774* 

9*6 

89391 

894*3 

89456 

89488 

895*o 

89552 

89585 

89617 

89649 
89681 

0 

1 

s 

3 
4 
5 
6 
7 
8 
9 

30 
46 

3  0 
16 
90 
46 

4  0 
15 
30 
45 

£9r 
69965 

69999 

7003a 
70066 
70100 
70133 
70167 
7c  20 1 
70*34 

71949 
71982 
72016 
72049 
72083 
72116 
72150 
71184 
72217 
72251 

73957 

73991 

74024 

74058 
74091 

74»*4 
74158 

74191 
74224 

74*58 

75957 
75990 
76024 

76o57 
76090 
76123 

76157 
76190 
76223 
76256 

77948 
7798i 
78014 

78047 
78081 

78114 
78i47 
78180 
78213 
78246 

79930 
79963 
79996 
80029 
80062 
80095 
80128 
80161 

80194 
80227 

81904 
81937 
81970 
82003 
82036 
82068 
82 10 1 

8*i34 
82167 
82200 

83869 
83902 
83935 
83967 
84000 

84033 
84065 
S4098 
84131 
84163 

85826 
85859 
85891 
859*4 
85956 

85989 
86021 

86054 
86086 
86119 

87774 
87806 

87839 
87871 

87904 
87936 
87968 
88001 
88033 
88066 

89714 
89746 
89778 
8981 1 

89843 
89875 
89907 
89939 
89972 
90004 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 

6  0 
16 
30 
45 

6  0 
15 
30 
45 

7  o 
15 

70268 

70302 
70336 
70369 
70403 
70437 
70470 
70504 
70538 
70571 

72*84 
72318 
7»35« 
72385 
72418 
72452 
72485 
72519 
7255* 
72586 

74*9' 
743*5 
74358 
74391 
744*5 
74458 
74491 
745*5 
74558 
7459* 

76290 

763*3 
76356 

76389 
764*2 

76456 
76489 
765** 
76555 
76580 

78279 
78312 
78345 
78378 
78411 
78445 
78478 
78511 
78544 
78577 

80*60 
80293 
80326 

80359 
80392 
80425 
80458 
80491 
805*4 
8o557 

82232 
82265 
82298 
8*33i 
8*364 
8*396 
8*4*9 
82462 

8*495 
82528 

84196 
84229 
84261 
84294 
843*7 
84359 
84392 

844*5 
84457 
84490 

86151 
86184 
86216 
86249 
86281 

86314 
86346 

86379 
8641 1 

86444 

88098 
88130 
88163 
88195 
88227 
88260 
88292 
883*5 
8*357 
88389 

90036 
90068 
90101 

90133 
90165 

90197 
90230 
90162 

90294 

903*6 

20 
21 
22 
23 
24 
25 
2ff 
27 
28 
29 
30 
II 
32 
33 
34 
35 
36 
37 
38 
39 

30 
«5 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

70605 
70638 
70672 
70706 
70739 
70773 
70807 
70840 
70874 
70908 

72619 
72653 
72686 

72720 

7*753 
72787 
72820 
72854 
72887 
72921 

746*5 
74658 
74692 

747*5 
74758 
7479* 
748*5 
74858 
74892 

749*5 

76622 
7665$ 
76688 
76721 

76755 
76788 
76821 
76854 
76887 
76920 

78610 

78643 
78676 

78709 
78742 

78775 
78808 
78841 

78874 
78907 

80589 
80622 
80655 
80688 
80721 
80754 
80787 
80820 
80853 
80886 

82560 

8*593 
82626 
82659 
82691 
82724 

82757 
82790 
82822 
82855 

845*3 
84555 
84588 
84620 

84653 
84686 

84718 
84751 
84784 
84816 

86476 
86509 
86541 

86574 
86606 
86639 
86671 
86704 
86736 
86769 

88422 

88454 
88486 

S!519 
88551 
88581 
88616 
88648 
88680 
88713 

90358 
90391 
904*3 
90455 
90487 
90519 
90552 
90584 
90616 
90648 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
13 

70941 

70975 
71008 
71042 
71076 
71109 

7  "43 

71176 
71210 
7i*44 

72954 
72988 
73021 
73054 
73088 

73i*i 
73155 
73188 
73222 
73*55 

74958 
7499* 
750*5 
75058 
75092 
75«5 
75158 
75  «9* 
75**5 
75*58 

76954 
76987 
77020 

77053 
77086 
77120 

77153 
77186 
77219 
77252 

78940 

78974 
79007 

79040 
79073 
79106 

79139 

79172 

79*05 
79*38 

80919 
80951 
80984 
81017 
81050 
81083 
81116 

8"49 
81182 
81214 

8*888 
82921 

82953 
82986 
83019 
83052 
83084 
83117 
83150 
83183 

8484$ 
84881 

849H 
84947 
84979 
85012 

85<H4 
85077 
85110 
85142 

86801 

86834 
86866 

86899 
86931 
86963 
86996 
870*8 
87061 
87093 

88745 
88777 
88810 
88842 
88874 
88907 

88939 
88971 
89003 
89036 

90680 
90713 
90745 
90777 
90809 
90841 
90873 
90905 
90938 
90970 

40 
41 
42 
43 
44 
45 
40 
47 
48 
40 
60 
51 
52 
53 
54 
66 
Ml 
67 
58 
69 

30 
45 

13  0 
15 
30 
46 

U  0 
15 
30 
45 

7i*77 
71311 

71344 
71378 
71412 

7«44S 
7  "479 
71512 

71546 
71580 

73289 
73322 
73356 
73389 
734*3 
73456 
73489 
735*3 
73556 
73590 

75*9i 
753*5 
75358 
75391 
754*5 
75458 
7549' 
755*5 
75558 
7SS91 

77*85 
77319 
7735* 
77385 
774'8 
77451 
77484 
775'8 
77551 
77584 

79271 
79304 
79337 
79370 
79403 
79436 

79469 
79502 

79568 

81247 
81280 

81313 
81346 

81379 
81412 
81445 

8i477 
81510 

8i543 

83*15 
83*48 
83281 

83313 
83346 

83379 
83412 

83444 

83477 
83510 

85175 
85*07 
85*40 
85*73 
85305 
85338 
85370 

85403 
85435 
85468 

87126 
87158 
87191 

87**3 
87*55 
87288 
87320 

87353 
87385 

87417 

89068 
89100 
89133 
89165 
89197 
89230 
89262 

89*94 
89326 

1 89352. 

91002 
91034 
91066 
91099 
91131 
91163 

9H95 
91227 

91259 
191291 

$vc.   v  r  3'  r  5'  r  r  8*  a*  10*  ir  12'  13'  w  15" 

D.  33.  Parts  2  4  7  9  11  13  15  >8  20  22  24  26  29  31  33 
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TABLE  09 

LOO.  SINE  8QUARK 

89° 

90° 

91° 

0. 

6*68- 

15 

SO 

45' 

0' 

16' 

90* 

45' 

•* 

16' 

90' 

6*67" 

6*  58" 

6*69- 

*••• 

*   1- 

#  2- 

*  9* 

*  4- 

9*7 
064*4 

06546 

06608 

06670 
06701 
06731 
06763 

6*6- 

*  t- 

•  t 

15 

90 

45 

1  0 

15 

90 

45 

8  0 

15 

9-6 

9»3*4 
91356 
913** 
91410 

9"45* 
9 '4*4 
91516 

9  "54* 
91581 
91613 

96 

93*4* 
93280 

933"* 
93344 
93376 
93408 

93440 
9$47* 
93504 
93536 

9'6 
95163 

95"95 

95**7 

95*59 
95291 

953*3 
95355 
953*6 

954"* 

95450 

9-6 

97071 

97103 

97«34 
97166 

9719* 
97229 
97261 
97*93 
973*5 
97356 

r 

698970 

69900s 

699033 
699065 
699096 
699128 
699159 
69919 1 
699213 
699154 

9*7 
00861 
00891 
00914 

00955 
00987 
01018 
01049 
01081 
01112 
01 144 

[9*7 
o*743 
02775 
01806 
01837 
02869 
01900 
02931 
02963 
01994 
03025 

9*7 

04618 

04649 

04680 

04711 

04741 

04774 
04805 

04*36 
04867 
04898 

9*7 
08341 

08373 
08404 

08435 
08466 

08497 
08528 
08558 
08589 
08620 

9*7 

1019a 

10223 

10254 

10285 

103 1 5 

10346 

10377 

10408 

10438 

10469 

0 

1 

s 

9 
4 
6 
0 
7 
8 
9 

90 
45 

9  0 
15 
90 
45 

4  0 
15 
90 
46 

91645 
91677 
9.709 
9  "74" 
9'773 
91805 
91838 
91870 
91901 
9'933 

93568 
93600 
93611 
93664 

93695 
937*7 
93759 
9379" 
93**3 
93*55 

954** 
955"4 
95546 
95577 
95609 
95641 

95673 
95705 
95737 
95768 

973** 
974*o 
9745' 
974*3 
975'5 
97546 
9757* 
97610 
97641 
97673 

699186 
699317 
699349 
699380 
699411 
699443 
699475 
699506 

69953* 
699570 

01175 
01207 
01138 
01169 
01301 
01331 
01364 

OI39S 
01416 
01458 

03056 
03088 
03119 
03150 
03182 
0*113 
o3*44 
03*75 
03307 
03338 

04919 

0496" 
04992 

050*3 
05054 
05085 
05116 
05147 
05179 
05210 

06794 
06825 
06856 
06887 
06918 
06949 
06980 
07011 
07042 
07073 

08651 
08682 
08713 
08744 
08775 
08805 
08836 
08867 
08898 
08929 

10500 
105  3 1 
10561 
10592 
10623 
10653 
10684 
107 15 
10746 
10776 

10 
11 
19 
13 
14 
15 
16 
17 
18 
19 

6  0 
15 
90 
45 

6  0 
16 
90 
46 

7  o 

15 

91966 
91998 
92030 
91061 
91094 
92126 
92158 
92190 
92113 
9"  5  5 

93**7 
939'9 
9395" 
939*3 
94015 

94047 
94079 
941 1 1 
94'43 
94'75 

95800 
95831 
95*64 
95*96 
959*7 
95959 
9599' 
96023 

96055 
96086 

961 7F 
96150 
96182 
96114 
96245 
96*77 
96309 
96341 
96371 
96404 

97705 
97737 
97768 
97800 

97*3" 
97*63 

97*95 
97916 

9795* 
9799° 

699601 
699633 

6996*4 
699696 
699727 

699759 
699790 
699822 
699853 
699**5 

01489 
01511 

01551 
01583 
01615 
01646 
C1678 
01709 
01740 
01771 

03369 
03400 

0343* 
03463 

03494 
o35*5 
03557 
03588 
03619 
03650 

05141 
05271 
05303 
05334 
05365 
05396 
05418 

05459 
05490 
05511 

07104 

07'35 
07166 

07197 
07128 
07159 
07190 
07321 
0735* 
073*3 

08960 
08991 
09011 
09051 
09083 
09114 
09145 
09176 
09107 
o9*37 

10807 
10838 
10869 
10899 
10930 
10961 
10991 
1 1022 
1 1053 
11083 

20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 

90 
45 

11  0 
15 
90 
45 

*  0 
16 
90 
45 

92287 
92319 
9*35" 
9*3*3 
92415 

9*447 

9*479 
925 11 

9*543 

9*575 

94*07 
94*39 
94*7o 
94302 

94334 
94366 

9439* 
9443o 
94462 

94494 

98021 
98053 

9*o*5 
98116 
98148 
98180 
98211 
9**43 
9**75 
98306 

699916 
699948 
699979 

700011 
700041 
700074 
700105 
700137 
700168 
700100 

01803 
01834 
01866 
01897 
01929 
01960 
0199 1 
02023 
02054 
02085 

03681 
037'3 
03744 
03775 
03807 
03838 
03869 
03900 
03931 
03963 

0555* 
055*3 
05614 
05645 
05676 
05707 
05739 
05770 
05801 
05831 

°74»4 
07445 
07476 
07507 
07538 

07569 
07600 
07631 
07661 
07693 

09168 
09199 
09330 
09361 
09391 
09411 
09453 
o94*4 
09515 
09546 

11114 

11145 
1 1 176 
11206 
11237 
1 1268 
11298 
1 1 329 
1 1 360 
11390 

30 
31 
32 
93 
94 
35 
36 
•7 
38 
39 
40 
41 
42 
49 
44 
45 
46 
47 
48 
40 
'68~ 
61 
62 
59 
64 
66 
66 
57 
58 
59 

10  0 
16 
90 
46 

11  0 
15 
90 
45 

19  0 
16 

92607 
92639 
92671 
92703 

9*735 
92767 
92800 
92831 
92864 
92896 

94526 

9455* 
94590 
94621 

94653 
94685 

947"7 
94749 
947*" 
94*"3 

96436 
96468 

96499 
96531 
96563 

96595 
96617 
96658 
96690 
96721 

98338 
9*370 
98401 

9*433 
98464 
98496 
9*5*8 
9*559 
98591 
98622 

700231 
700163 
700294 
700326 
700357 
700389 
700410 
700451 
700483 
700515 

01117 
01148 
01179 

Oil  11 

01141 

o**74 
01305 
01336 
01368 
01399 

03994 
04015 
04056 
04088 
04119 
04150 
04181 
041  IS 

o4*44 
04275 

05863 
05894 
o59*5 
05956 
05987 
06018 
06049 
06080 
06112 
06143 

077*4 
07755 
07786 

07817 
07*47 
07878 
07909 
07940 
07971 
08001 

09576 
09607 
09638 
09669 
09700 
09730 
09761 

0979* 
09813 
09854 

114*1 
114a 
1 1482 
11513 
"'544 
'"574 
1 1605 
11636 
1 1666 
1 1697 

90 
45 

19  0 
15 
90 
46 

14  0 
15 

46 

92928 
92960 
92991 
93014 

93°56 
93088 
93120 

93'5* 
93184 
93116 

94*45 
94*77 
94909 
94940 

9497* 
95004 
95036 
95068 
95100 
95"3* 

96754 
967*5 
96817 

96849 
96881 
96912 

96944 
96976 

97007 
97039 

9*654 
98686 
98717 

9*749 
98780 
98812 
9**44 
98875 
9*907 
98938 

700546 
700578 
700609 
700641 
700671 
700701 
700735 
700766 
700798 
700829 

o*43o 
01461 

o*493 
02524 

c*556 
02587 
02618 

02647 
02681 
02712 

04306 
04337 
04368 
04400 

0443 » 
04462 

04493 
o45*4 
04556 
o45*7 

06174 
06105 
06136 
06167 
06298 
06329 
06360 
06391 
06422 
06453 

08013 
08064 
08095 
08116 
0815V 
08188 
08119 
08149 
08280 
083 11 

C9884 
09915 
09946 
09977 
10008 
IC038 
10069 

10  ICO 
10131 
10161 

11718 
1175* 
117*9 
11820 
11850 
11881 
11912 
11942 

"'973 
12CC4 
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861 


LOO.  SINK  SQUAKE 

91° 

92° 

90° 

94° 

». 

45' 

0r  *  ltf 

90> 

45' 

0r 

15* 

9* 

4V 

* 

15' 

*7- 

6*8- 

8*9» 

6M0"» 

fl"ll» 

8M2- 

6»»13- 

6*14- 

6»»I6- 

8H€» 

6M7" 

i    0* 

0  0 
15 
90 
46 

1  0 
15 
90 
45 

2  0 
15 

97 

12034 

11065 

12095 

12 126 

12157 

12187 

12118 

12249 

12179 

11310 

9*7 

13868 

13899 

13929 

13960 

13990 

1402 1 

14051 

14082 

141 12 

15694 
15-725 
15755 
15785 
15816 
15846 
15876 
15907 
15937 
15967 

97 

1751* 

1754* 

"7573 

17603 

17633 
17663 

17693 

177*4 
'7754 
17784 

97 

19311 

19352 

19381 

19411 

19443 

19473 

19503 

19533 
19563 

'9593 

97 

11114 

11154 

11 184 

11114 

11244 

21274 

21304 

21334 

21364 

*1394 

97 

22919 

22949 

22978 

23008 

23038 

23068 

2309S 

23128 

*3'57 

23187 

97 

24705 

*4735 

*47»5 

*4794 

24824 

*4854 
24883 
24913 
*4943 

*4973 

97 
26484 
26514 
26543 

32 

26632 
26661 
26691 
26721 
26750 
26780 
26809 
26839 
26868 
26898 
26927 
26957 
26987 
27016 
27046 

9o7 

28255 
2S284 
28314 

«8343 
*8373 
28402 
18432 
28461 
28490 
28520 

97 

30018 

30047 

30077 

30106 

30135 

30165 

30194 

30223 

30253 

30282 

0 
1 

9 
3 
4 
6 
0 

7 

8 
9 

90 
45 

3  0 
15 
90 
45 

4  0 
15 
90 
45 

11340 

12371 
12402 
12432 

11463 
12493 
12524 

i*555 
12585 
11616 

H173 
14203 

■4*34 
14264 
14295 
143*5 
14356 
14386 

14417 
14447 

15998 
16028 
16058 
16089 
16119 

16149 
16180 
16210 
16240 
16271 

17814 
17845 
17875 
17905 

17935 
17965 

17996 
18026 
18056 
18086 

19613 

19653 
19683 

19713 
'9743 
19773 
19804 
19834 
19864 
19894 

21424 

*«454 
21484 
21514 
*'544 
*'574 
21604 
21634 
21664 
21693 

23217 
23247 
23277 
23306 
23336 
23366 
23396 
23426 
*3455 
*3485 

25002 
25032 
25062 
25091 
25121 
25151 
25180 
25210 
25240 
25270 

28549 
28579 
28608 
28638 
28667 
28696 
28726 

*8755 
28785 
28814 

3°3ii 
3034' 
30370 
30399 
30428 
30458 
30487 
30516 
30546 
30575 

10 
II 
It 
13 
14 
16 
18 
17 
18 
19 

5  0 
15 
90 
45 

8  0 
15 
90 
45 

7  o 

15 

12646 
12677 
12708 
12738 
12769 
12799 
1*830 
12860 
12891 
12922 

14478 
14508 

H539 
14569 

H599 
14630 
14660 
14691 

14721 
1475* 

16301 

16331 
16362 
16392 
16422 

16453 
16483 

16513 
16544 
16574 

18116 
18147 
18177 
18207 
18237 
18267 
18197 
18318 
18358 
18388 

199*4 
'9954 
19984 
10014 
10044 
10074 
10104 
10134 
10164 
10194 

21723 

*i753 
21783 
21813 
21843 

21873 
21903 
21933 
21963 
21993 

*35i5 
*3545 
*3575 
23604 
23634 
23664 
*3694 
*37*4 
*3753 
*3783 

25299 
25329 
*5358 
25388 
25418 
*5447 
*5477 
25507 

25566 

27075 
27105 

*7U4 
27164 

*7i93 

27223 
27252 
27282 
27311 
27341 

28843 
28873 
28902 
28932 
28961 
28990 
29020 
29049 
29079 
29108 

30604 
30633 
30663 
30692 
30711 

307JI 
30780 
30809 
30838 
30868 

20 
91 
99 
99 

34 
96 
98 
97 
98 
29 

90 
45 

8  0 
15 
90 
46 

0  0 
16 
90 
45 

12952 
12983 
13013 

13°44 
13074 
13105 
13136 
13166 
1 3 197 
13227 

14782 
14813 
14*43 
14*73 
149°4 
H934 
14965 

14995 
15026 
15056 

16604 
16634 
16665 
16695 
16725 
16756 
16786 
16816 
16846 
16877 

18418 

18448 

18479 
18509 

18539 
18569 

18599 
18619 
18659 
18690 

10114 
10154 
10184 
10314 
10344 
10374 
10405 

*0435 
10465 
10495 

22023 
22052 
22082 
22112 
22142 
22172 
22202 
22232 
22262 
22192 

23813 

*3843 
23872 
23902 

*393* 
23962 
23992 
14011 
14051 
14081 

25596 
25625 

*5655 
25685 

*57H 
*5744 
*5773 
25803 

*5833 
25862 

27370 
27400 
27429 

*7459 
27488 
27518 
*7547 
*7577 
27606 
27636 

29137 
29167 
29196 
29226 

*9*55 
29284 
29314 
*9343 
*9373 
29402 

30897 
30926 

30955 
30985 
31014 

31043 
31071 
31101 
31131 
31160 

90 
91 
92 
33 
34 
36 
38 
87 
38 
30 
40 
41 
42 
43 
44 
45 
48 
47 
48 
40 

10  0 
15 
30 
45 

11  0 
15 
90 
45 

19  0 
15 

13258 
13288 
13319 

'3349 
13380 
13411 

"3441 

13472 
13502 
13533 

15086 
15117 

15H7 
15178 
15108 

15*38 
15169 
15199 
15330 
15360 

16907 

16937 
16967 
16998 
17028 
17058 
17089 
11719 
17149 

17179 

18710 
18750 
18780 
18810 
18840 
18870 
18901 

18931 
1 896 1 
18991 

10515 

*°555 
10585 
10615 
10645 
10675 
10705 
10735 
10765 
10795 

22322 
1*351 
22381 
12411 
12441 
22471 
21501 
11531 
11560 
22590 

24m 
24140 
24170 
24200 
24230 

*4*59 
24289 

*43i9 
*4349 
*4378 

15891 
15911 

*595i 
25981 
26010 
26040 
26070 
16099 
16119 
16158 

27665 
27695 

27724 

*7754 
27783 
27813 
27842 
17871 
17901 
17931 

*943i 
29461 
29490 
29519 

*9549 
29578 
29607 

19666 
29695 

3ii»9 

31119 

3i*48 

3«77 
31306 

31335 
31365 
31394 
314*3 
3H5* 

90 
45 

.9  0 
15 
90 
45 

14  0 
16 
90 
45 

»35«3 
"3594 
13614 
136*5 
13685 
13716 
13746 

"3777 
13807 

13*3* 

15390 
15421 

15451 

15481 
15512 
»554* 
15573 
15603 
15633 
15664 

17110 
17240 
17170 
17300 

1733' 
17361 

17391 

17421 

1745* 
17482 

19011 
19051 
19081 
19m 
19H1 
19171 
19101 
19131 
19161 
19191 

10815 
10855 
10885 
10915 
10945 
10975 
11004 
11034 
11064 
11094 

22620 
22650 
11680 
11710 
11740 
11769 
11799 
11819 
ii8j9 
22889 

14408 
*4438 
24468 

*4497 
24527 

*4557 
24586 
24616 
24646 
24676 

16188 
16118 
16247 
*6f7? 
26306 
26336 
26366 
26395 
16415 
26454 

17960 
17990 
18019 
18049 
18078 
18108 
18137 
18166 
18196 
28125 

29725 

*9754 
29783 
29813 
29841 
19871 
29901 
29930 
29959 
29989 

3148* 
31511 

31540 

31569 
31598 
31618 

3i657 
31686 

31715 

31744 

60 
51 
62 

63 
64 

66 
50 
87 
58 
60 
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TABLE  69 


LOO.  SIN?  8QUABF 

94° 

95° 

96° 

97° 

s. 

3*  1  46' 

tf    |  16' 

W 

46' 

& 

16' 

ST 

45' 

& 

«M8- 

8*19- 

<**>H«*2i- 

8*22- 

8*23- 

6*24- 

6>25- 

6*28- 

*27- 

6*28* 

0  0 
15 
30 
45 

1  0 
16 
30 
45 

9  0 
16 

9*7 

3»774 

31603 

31I31 

31861 

31890 

31920 

3»949 

3'97« 

31007 

31036 

97 

335*i 

33551 

335*> 

33** 

3363* 

33667 

33696 

337*5 

33754 

337*3 

35262 

35*9i 
353*o 
35349 
35377 
35406 
35435 
354*4 
35493 
355** 

92 

3*994 

37023 
37052 
37081 
37iio 
37138 
37167 

3719* 
37**5 
37*54 

97 

38719 

38748 

38777 
38805 

38834 
38863 
38892 
38920 

38949 
38978 

9*7 

40437 

404*5 

40494 

405*3 

4055« 

40580 

40608 

40*37 
40665 
40694 

97 

4*147 
41175 

4**04 
41131 
41161 
41189 
4*317 
4*34* 
4*374 
41403 

4*431 
41460 
4*4*8 
41516 

4*545 
4*573 
41601 

4**3° 
4**58 

4**87 

9'7 

43*49 

43878 

43906 

43934 

439*3 

43991 

44019 

4404* 

44076 

44»04 

9*7 

45544 

45573 

45601 

45619 

45*57 

45*85 

45713 

4574* 

45770 

45798 

97 

47*3* 

47160 

47188 

4731* 

47344 

4737* 

47400 

474*8 
4745* 
47485 

97 
48911 
48940 
4*968 

4*99* 
490*4 
4905* 
490*0 
49108 

4913* 
49164 

0 
1 
9 
3 
4 
6 
0 
7 
8 
9 

30 
45 

3  0 
16 
30 
45 

4  0 
15 
30 
45 

31066 

3*°95 
31114 

3*«53 
31181 
311 1 1 
32241 
32270 
32199 
31328 

33812 

33«4i 

33870 

33*99 
339** 

33986 
34015 
34044 

34073 

35551 
3558o 

35*09 
35*3* 
35667 
35696 
357*4 
35753 
3578* 
35811 

37282 
373" 
37340 
373*9 
37397 
374** 
37455 
37484 
37513 
37541 

39006 
39035 
390*3 
3909* 
39i*i 
39149 
39178 
39*07 
39*35 
39264 

40722 

40751 
40780 
40808 
40837 
40865 
40894 
40922 
40951 
40979 

4413* 
44161 
44189 
44*17 
44*4* 
44*74 
44301 

44330 
44359 

44387 

45816 
45854 
45883 
459H 
45939 
459*7 
45995 
46013 
46051 
46080 

47513 
47541 
475*9 
47597 
47**  5 
47*53 
47**1 
47709 
47737 
477*5 

49191 
49*19 
49*47 
49*75 
49303 
49331 
49359 
493*7 
49415 
49443 

10 
11 
19 
13 
14 
15 
16 
17 
18 
19 

6  0 
15 
30 
45 

6  0 
16 
30 
45 

7  0 
16 

3*357 
32386 

3*415 
3*445 
3*474 
3*5<>3 
3*53* 
32561 

3*590 
1**19 

34102 

341J1 
34160 
34189 
34*i* 
34*4* 
34*77 
3430* 
34335 
343*4 

35840 

358*9 
35898 

359*7 
3595* 
35985 
36013 
36042 

3*071 
36100 

37570 

37599 
37**8 
3-656 
37*85 
377H 
37743 
3777* 
378oo 
37829 

39*93 
393*1 
39350 
39379 
39407 
3941* 
394*5 
39493 
395** 
39551 

41008 
41036 
4io*5 
41093 
41 121 

4"50 
41 179 

41*07 
41136 
41264 

4*715 

4*744 
4*77* 
41800 
41819 
4*857 
4*885 

4*9H 
41941 

4*971 

44415 
44443 
4447* 
44500 
445*8 
44557 
44585 
44*13 
44*41 
44*70 

46108 
46136 
46164 
46191 
46210 
46149 
4**77 
4*305 

4*3*i 

47793 
47811 

47849 
47877 
47905 
47933 
479*1 
479*9 
4*oi7 
4*045 

4*o73 
48101 

4*i*9 
48157 
48185 
48*13 
4**4i 
4***9 
4**97 
4*3*5 

49471 

T7T77 
49516 

49554 
495** 
49610 

49*3* 
49*** 
49*94 
497a* 

20 
21 
22 
23 
24 
26 
28 
27 
99 
29 

30 
46 

a  o 

16 

30 

45 

9  0 

15 
30 
46 

31649 

31678 
3*707 
3*73* 
3*7*5 
3*794 
31813 

3**5* 
31881 

3*o" 

34394 
344** 
34451 
34479 
34509 
34537 
345*7 
34590 
34**5 
34*54 

3*«9 
3*158 
3*i87 
36216 

3**44 
3**73 
36301 

3*331 
3*3*o 
36389 

37858 
37887 
37915 
37944 
37973 
38002 
38030 

38059 
38088 

?8ii7 

39579 

3£1 

39636 
39665 

39*94 
39722 

39751 

39779 
398o* 

41*93 
4i3*i 
41350 
41378 
41407 
4H35 
414*4 
4149* 
4i5*i 
41549 

4*999 

430*7 
43056 

43084 
43 1 11 

43H1 
431*9 
4319* 
43216 

43*54 

44*98 
44716 

44754 
447*3 
44811 
448}9 
44*«7 
44*9* 
449*4 
4495* 

46389 
4*417 
4*445 
4*473 
46501 
46530 
46558 
46C86 
46614 
4**4* 

49750 
4977* 
49*05 
49*33 
49**i 
49**9 
49917 
49945 
49973 
50000 

39 
31 
39 
39 
34 
36 
38 
37 
38 
39 

10  0 
16 
30 
46 

11  o 
15 
30 
46 

19  0 
15 

3*940 
32960 

3*99* 

330*7 
33056 
33085 
33"4 
33H3 
33173 
33201 

34*8* 
347" 
34740 
347*9 
3479* 
34**7 

» 

34914 
34943 

36418 
3*447 
3*475 
3*504 

3f523 
36562 

36591 
36610 
36648 

36677 

38145 
$8i74 
38203 

38*31 
38260 
38180 
3831* 
3834* 
38375 
38404 

19*S 
19*94 
399»» 
399$i 
399*o 
4/0008 

4°°17 
40065 

4*094 
40123 

41578 
41606 

41663 
41692 

41710 
41749 
41777 
41805 

4*834 

43**S 

433" 
43339 
433** 
4339* 
434*4 
43453 
434*1 
43509 
43538 

449*0 
45009 
450J7 
450*5 
45093 
45i*i 
45i5o 
45  >7* 
45106 

45*34 

46670 
4609S 
4*7*7 
4*755 
4*783 
46811 

» 

4**95 
4*9*3 

4*353 
4*3*1 
4*409 
4*417 
4*4*5 
4*493 
485*1 
4*549 
4*577 
4**o5 

50018 
50056 
50084 
501 11 
50140 
50168 
50195 
50123 
50*51 
50*79 

40 
41 
49 

43 
44 
45 

48 
47 

48 

49 

""io 

45 
1)  0 
15 
30 
45 
14  0 
15 
30 
45 

33*31 
33160 

33**9 
3331* 
33347 
3337* 
33405 
33434 
334*3 
3349* 

3497* 
35ooi 
35030 
35o$9 
35088 
35»7 
35  »4* 
35175 
35*04 
35*33 

36706 

3*735 
36764 

3*793 
36821 

3**5o 
36879 
36908 

3*937 
36966 

3843* 
384*1 

3*490 
38519 

5*547 
38$7* 
38*05 

38*33 
38662 
38691 

40151 
40180 

40208 

40*37 
40166 

40*94 
40J*3 
40351 
40380 
40408 

41861 
41891 

41919 
41948 
41976 
4*005 
4*033 

41062 

4*090 

4*118 

435** 
43594 
43**3 
43*5i 
43*79 
437o8 

4373* 
437*4 
43793 
43**i 

45161 
45*91 
45319 

45347 
45375 
45403 
4543* 
454*o 
454*8 
4551* 

4*95i 
4*979 
47007 
47026 
47064 

47093 
47i*o 

4714* 
47176 

47*04 

4***9 
4*717 
4*745 
4*773 
4S800 
48818 
48856 
48884 

50307 
50335 
50361 

50390 
50418 

5044* 

50474 
50502 

505*9 

50557 

60 
51 
69 
63 
64 
66 
68 
*7 
68 
60 
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TABLE  69 

RCA 

IXM».  SINE  SQUABB 

97° 

98° 

99° 

t. 

15' 

** 

45' 

0' 

15' 

90' 

46' 

r 

H' 

*t 

45* 

8*29- 

tf»90« 

6*91- 

6"»92- 

6>'99>" 

0*34- 

6*95" 

6*  96" 

0*97" 

6*  98" 

6>99» 

>'o' 

16 
90 
45 

1  0 
15 
30 
45 

2  0 
15 

9*7 

50585 

50613 

50641 

50669 

50696 

50724 

50752 

50780 

50808 

50835 

9*7 
52251 
52278 
52306 

5*334 
52361 
52389 
5*4*7 
5*444 
5*47* 
52500 

9*7 
53909 
53936 
53964 

5399* 
54019 

54047 
54074 
54102 

54**9 
54*57 

5556o 
55587 
556i5 
5564* 
55670 
55697 
557*4 
5575* 
55779 
55807 

9*7 

57*o3 

57*3* 

57*58 

57285 

573*3 

57340 

57367 

57395 

574** 

57449 

9*7 
58840 

588*7 
58894 
58921 

58949 
58976 

59003 
59030 
59057 
59085 

97 

60469 

60496 

60523 

60550 

60577 
60604 
6063, 
60659 
60686 
60713 

9'7 

62091 

62118 

62145 

62,72 

&3 

62253 
62280 
62307 
62334 

63706 
63760 

63786 
638,3 

63840 
63867 
63894 
6392, 
63948 

9*7 

653*4 

65340 

65367 
65394 
6542, 

65447 
65474 
65501 
655*7 
65554 

97 

66914 

66941 

66968 

66994 

6702, 

67047 

67074 

67,0, 

67,27 

67,54 

9 
1 
9 
9 
4 
5 

6 

7 

9 
9 

30 

45 

5  0 

15 

t       *> 

45 

4  0 
15 
90 
45 

50863 
50891 
50919 
50947 
50974 
51002 
51030 
51058 
51085 
J»»3 

5*5*7 
5*555 

5*583 
52611 
52638 
52666 
52694 
52721 

5*749 

5*776 

54*84 
54212 
54240 
54*67 
54*95 
543** 
54350 
54377 
54405 
5443* 

55862 
55889 
55916 

55944 
5597* 

55999 
56026 
56054 
56081 

57477 
57504 
5753* 
57558 
57586 
57613 
57640 
57668 
57695 
577** 

59112 

59*39 
59166 

59*93 
59221 

59*48 
59*75 
59302 

593*9 
59356 

60740 
60767 

60794 
60821 
60848 
60875 
60902 
60929 
60956 
60983 

62361 
62388 
62415 
62442 
62468 

6*495 
62522 

S2542 
62576 

62603 

63974 

64001 
64028 

64055 

64082 
64,08 

64,35 

64162 

64*89 

642,6 

65581 
65608 

65634 
65661 
65688 

657*4 
65741 
65768 

65795 
65821 

67180 

67207 

67*34 
67260 
67287 

67313 
67340 
67367 

67393 
67420 

19 
11 
19 
13 
14 
15 
10 
17 
18 
19 

ft  0 
15 
90 
45 

6  0 
15 
90 
45 

7  o 

15 

51141 
51169 

-5  "97 
51224 
51252 
51280 
51308 
5*335 
5»3*3 
5*39* 

5*804 
52832 

5*859 
5*887 
5*9*5 
5*94* 
52970 

5*998 
53025 
53053 

54460 
54487 
545*5 
54543 
54570 
54598 
54625 
54653 
54680 
54708 

56108 
56,36 
56,63 
56191 
56218 

56245 
56273 
56300 
56328 
56355 

577>o 
57777 
57804 

5783* 
57859 
57886 

579*3 
5794* 
57968 
57995 

59384 
594** 
59438 
59465 
5949* 
595*9 
59547 
59574 
59601 
596*8 

61010 
61038 
6,065 
61092 
611,9 
61146 
61173 
61200 
61227 
6*254 

62630 
62657 
62684 
62711 
62738 
62765 
62792 
62819 
62845 
62872 

64269 

64296 

643*3 
64350 

64377 
64403 

64430 
64457 
64484 

65M 

65875 
65901 

659*8 
65955 
65981 
66008 
66035 
66061 
66088 

67446 
67473 
67499 
67526 

67553 
67579 
67606 
67632 

67659 
67685 

20 
21 
22 
29 
24 
2ft 
26 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
80 
45 

5*4*9 
5*447 
5*474 
51502 

5*53© 
5«558 

5*585 
51613 
51641 
51669 

53081 
53*o8 
53136 
53*^4 
53*9* 
53219 

53*4* 

53*74 
53302 

533*9 

54735 
54763 
54790 
548*8 
54845 
54873 
549O0 
549*8 
54955 
54983 

56382 
56410 

56437 
56465 
56492 
56519 
56547 
56574 
56602 
56629 

58022 
58050 
58077 
58*04 
58131 

58*59 
58186 
58213 
58241 
58268 

59655 
59682 
597,0 
59737 
59764 
5979* 
598*8 

59845 
59872 

59900 

61281 
61308 

61362 

6,389 

62416 

6,443 
61470 

6*497 
61524 

62899 
62926 

6*953 
62980 
63007 
63034 
63061 
63088 

63115 
63141 

6451 1 

64537 
64564 
64591 
64618 

A4*45 
6467I 

64698 

64725 

64752 

66115 
66 141 
66168 

2'95 
66221 

66248 

66275 

66302 

66328 

66355 

67712 
67739 
67765 
67792 
67818 

67845 
67871 
67898 

679*4 
6795, 

90 
91 
92 
93 
94 
95 
56 
97 
98 
99 

M  o 

)5 

sb 

45 
U  0 
15 
30 
45 
It  0 
15 

51696 
5*7*4 
5*75* 
5  "779 
51807 

5*835 
51863 
51890 
51918 
51946 

53357 
53385 
534** 
53440 
53467 
53495 
535*3 
53550 
53578 
53605 

55o*o 
55038 
55065 
55093 
55120 

55*48 
55*75 
55*o3 
55*3o 
55*58 

56656 
56684 
567 1 1 

56738 
56766 

5f793 
56820 
56848 
56875 
56903 

58295 
58322 
58350 

58377 
58404 
58431 

58459 
58486 

585*3 
58540 

599*7 
59954 
59981 
6coo8 
60035 
60062 
60089 
601 17 

60144 
60171 

6155, 
61578 
61605 
61632 
6,659 
61686 
617,3 
6,740 
61767 
61794 

63,68 

63*95 
63222 
63249 
63276 
63303 
63330 

J33!7 
63384 
63410 

64778 
64805 

M3* 

tin 

64912 
64993 

65019 

66382 
66408 

66435 
66462 
66488 
66515 
66541 
66568 

ft! 

67977 
68004 
68031 
68057 
68084 
68110 

68137 
68163 
68190 
682,6 

40 
41 
42 
49 
44 
45 
46 
47 
48 
49 

90 
45 

i»  • 
15 
90 
4ft 

14  0 
15 
90 
4T> 

5*974 
52001 
52029 
52057 
5*084 
52112 
52140 
52167 

52223 

53633 
53661 
53688 
537*6 

53743 
5377* 
53799 
53826 

53854 
53881 

55*85 
553** 
55340 
55367 
55395 
554** 
55450 
55477 
55505 
5553* 

56930 
56957 
56985 
57012 

57039 
57067 
57094 
57121 

57*49 
57*76 

58568 

58595 
58622 

58649 
58676 

58704 
5873* 
58758 

58785 
58813 

60198 
60225 
60252 

60306 

60361 
60388 
60415 
60442 

6,821 
61848 
61875 
61902 
61929 
61956 

61983 
62010 

62064 

63437 
63464 
63491 

63518 
63545 
63572 

63625 
63652 
63679 

65046 

65073 

65100 
65126 

65180 

65*07 
65*33 

65260 

65*87 

66648 
66675 

66701 
66728 

66755 
66781 
6OB08 

66834 
66861 
66888 

682J3 
68269 
68206 
68322 

68349 
68375 
68402 
68428 

68455 
68481 

60 
51 
62 

69 
64 
66 

69 
*7 
68 
69 
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TABLE  69 


LOO.  SINE  SQUARE 

100° 

101° 

102° 

m. 

6* 

If 

30* 

4ft' 

0' 

Ift' 

so' 

4ft' 

or 

15'  1  3C 

6*40- 

6*41- 

6*48- 

6*43- 

6*44- 

6*4»- 

6*46- 

6*47" 

6*48- 

6*49-6*50- 

t  0 

u 

30 
45 

1  0 
15 
30 
45 

t    0 

15 

97 
68508 

685H 
68561 
68587 
68614 
68640 
68667 
68693 
68710 
68746 

9*7 
70094 

70111 
70147 
70174 
70100 
70116 

7o*53 
70179 

70305 
7033* 

71674 
71700 
71716 
7*753 
71779 
71805 
71831 
71858 
71884 
71910 

9*7 

73*46 

73273 

73299 

73325 

7335> 

73377 

73403 

73430 

73456 

734*2 

97 

74*12 

74*3* 

74*64 

74*90 

749"6 

7494* 

7496* 

74994 

75020 

75046 

76371 
76397 
76423 
7644* 
76474 
76500 
76516 
76551 
76578 
76604 

97 
77911 

7794* 

77974 
78060 
78016 

7*051 
78077 
78103 
7*1*9 
7*155 

97 
794*7 
79493 
79519 

79544 
79570 
79596 
79611 

79647 
79673 
79698 

97 

81005 

81031 

81056 

81081 

81107 

81133 

81159 

81184 

81110 

81135 

81161 
81186 
81311 
81338 
81363 
81389 
81414 
81440 
81465 
81491 

97 

82536 

82562 

82587 

82613 

82638 

82664 

82689 

82714 

82740 
81765 

97 
84061 
84086 
84m 

84137 
84162 

84187 
84212 
84238 
84163 
84189 

t 
1 

* 

3 

4 
6 
6 
7 
8 
9 

30 
4ft 

3  0 
15 
30 
45 

4  0 
1* 
30 
4ft 

68773 
1*799 
68816 
68851 
68879 
68905 
68931 
6895S 
68985 
69011 

7035* 
70385 
70411 

70437 
7046^ 
70490 
70516 

70543 
70569 

70595 

71936 
71963 
71989 
71015 
71041 
71068 
71094 
71110 
71146 
71173 

735o8 
73534 
7356o 
73586 
73611 

73639 
73665 
73691 

73717 
73743 

75C72 
75098 
75114 
75"  5o 
75"76 
75101 

75*** 
75*54 
75**o 
753o6 

76630 
76656 
766S1 

76707 
7*733 
76759 
76785 

76811 

76837 
76863 

78180 
78106 
78131 
78158 
78184 
7*309 
7*335 
78361 

7*3*7 
78411 

*97*4 
7975° 
79775 
79801 

79817 
79851 
79*7* 
79904 
799*9 
79955 

81791 
81816 
81842 
82867 
82893 
82918 
82943 
82969 
81994 
83010 

84314 
84339 
84365 
84390 
84415 
84441 
84466 

84491 
84516 

8454* 

10 
11 
12 
13 
14 
15 
1G 
17 
18 
19 

*  0 
Ift 
30 
45 

0  0 
15 
30 
4ft 

7  o 

1ft 

69038 
69064 

69090 
69117 

69H3 
69170 
69196 
69113 

69*49 
69176 

70621 
70648 
70674 
70701 

70717 

70753 
70780 
70806 
70831 
70859 

71199 

71115 
71151 

71*7* 
71304 
71330 
72356 
72382 
71409 
7H35 

73769 
73795 
73*2i 
73*47 
73*74 
73900 
73916 

7395* 
7397* 

74004 

7533* 
7535* 
753*4 
754»o 
75436 
75462 
754** 
75514 
75540 
75566 

76889 

76915 
76940 

7O90e 

7699* 

770I8 

77044 
77070 

77096 

77111 

7*43* 
7*464 
78490 

7*5 » 5 
7*54i 
7*567 
7*593 
78618 

7*644 

78670 

799*1 
Sooc6 
80031 
80058 
80083 
80109 
80134 
80160 
80186 
80211 

81516 
81541 

«i567 
81593 
81618 

81644 
81669 
81695 
81711 
81746 

*3045 
83071 
83096 
83111 

*3H7 
83171 
83198 
83213 
83148 
83174 

84567 
84591 
84618 

84643. 
84668 

84694 
84719 
84744 

84770 
84795 

20 
21 

22 
23 
24 
25 
2ft 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

0  0 
15 
30 
45 

69301 
69319 

69355 
69381 
69408 

69434 
69461 
69487 
69514 
69540 
69566 

69593 
69619 
69646 
69671 
69698 
69715 
69751 
69778 
69804 

70885 
70911 
70918 
70964 
70990 
71017 
71043 
71069 
71096 
71111 

71461 
724*7 
72  5 14 
72540 
71566 
71591 
71618 

72645 
71671 

72697 

74030 
74056 
740*2 
74108 

74"  3  5 
*4i6i 

74**7 
74113 

74239 
74265 

7559* 
75618 

75644 
75670 

75696 

75722 
7574* 
75774 
75800 

75**6 

77H7 
77173 
77«99 

77**5 
77*5' 
77*77 
77303 
773*8 
77354 
773*o 

78696 

78721 
7*747 
7*773 
7*799 
7**H 
78850 
78876 
78901 
7*9*7 

80137 
80163 
S0188 
80314 
80340 
80365 
80391 
80416 
80441 
1*0468 

81771 
81797 
81813 
81848 

*i*74 
81899 
81915 
81950 
81976 
81001 

83199 

833*5 

*3350 

*3375 
83401 
83416 
*345* 
*3477 
83501 

835**] 

84820 
84845 
M71 
M96 
849*1 
84947 
84971 

84997 
85022 

85048 

30 
31 
32 
33 
34 
35 
36 
37 
38 
30 

10  0 
Ift 
30 
45 

11  0 
1ft 
30 
45 

12  0 
1ft 

71148 

71175 
71101 
71117 
7«*53 
71180 
71306 

7«33* 
71359 
7M*5 

72723 
72749 
72775 
71801 
71818 
72854 
71880 
71906 
72933 
72959 

74291 

743  •  7 
74343 
74369 
74395 
74421 
74447 
74473 
74500 
74526 

75*5* 
75878 

75904 
75930 
75956 

759** 
76008 

76034 
76060 
76085 

77406 
7743* 
7745* 
774*3 
77509 
77535 
7756i 
775*7 
77613 
7763* 

7*953 
7*979 
79005 
79030 
79056 
79082 
79107 
79133 
79159 
79184 

80493 
80519 
80544 
80570 
80596 
80611 

*o647 
80671 
80698 
*>7*4 

81017 
81051 
81078 
81103 
81119 
81154 
81180 
81205 
81231 
81256 

*3553 
*3579 
83604 
83629 

*3655 
83680 

*37©5 
*373i 
83756 
83781 

85073 
85098 
85123 

85149 
85174 
85199 
85224 
85250 
85*75 

8^300 

40 
41 
42 
43 
44 
4ft 
46 
47 
48 
49 

30 
4ft 

19  0 
Ift 
30 
4ft 

14  • 
Ift 
30 
45 

69831 

6985- 

69**3 
69910 

69936 
69961 
69989 

70015 
70041 
70068 

7 141 1 

7"437 
71464 
71490 
7i$l6 
71543 
71569 
71595 
71611 
71648 

71985 
73011 
73037 
73063 
73090 
73116 

7  3H* 
73168 

73*94 
73210 

7455* 
7457* 
74604 

74656 
74682 

747o* 
74734 
7476o 
747*6 

76111 

76137 
76163 
76189 
76215 
76141 
76167 

76*93 
76319 

76345 

77664 
77690 
77716 

7774* 
77768 

77793 
77*19 

77*45 
77*7i 
77*97 

79*io 
79*36 
79161 

79**7 
79313 
79339 
79364 
7939° 
794i6 
7944* 

80749 
80775 
80799 
80816 
80851 
80877 
80903 
80918 
80954 
80980 

821S2 
82307 
8*333 

SS 

82409 

8*434 
82460 

82485 
82511 

83807 
83832 
83858 
838*3 
83908 
83934 

!39!9 
83985 

84c  10 

84035 

853*6 

!535I 
85376 

85401 

854*7 

8545* 

85477 
85502 

855*8 
85553 

50 
ftl 
52 
53 
54 
ft5 
56 
57 
58 
59 
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TABLE  09 


8(55' 


LOO.  SINE  SQUARE 

102° 

103° 

104° 

105° 

». 

45' 

0' 

15' 

30' 

45' 

-  0' 

15' 

30' 

45' 

0' 

U' 

6h5l* 

6*52- 

6h53" 

6h54'» 

B*55» 

6*56- 

*57m 

6*58" 

6*  59" 

7h0» 

7h  !» 

o'  0 

15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9*7 

85578 

85603 

85628 

85654 

85679 

85704 

8>7i9 

85755 

85780 

85805 

85830 

85855 

85881 

85906 

8593' 

85956 

85982 

86007 

86032 

86057 

97 

87089 

87114 

87139 
87164 
87189 
87214 
87239 
87265 
87290 
87315 

9*7 

88593 

88618 

88643 

88668 

8S693 

88718 

88743 
88768 

88793 
88818 

9*7 

90090 

901 15 

90140 

90165 

90189 

90214 

90239 

90264 

90289 

90314 

9*7 

9r58o 

91605 

91630 

91655 

91680 

91,04 

91729 

9»754 
9'779 
91803 

93064 
93089 
93114 
93n8 
93163 
93188 
93111 

93*37 
93262 
03286 

9*7 

94541 

94566 

94591 
94615 
H640 
94664 
94689 

94713 
94738 
94762 

97 

96012 

96036 

96061 

96085 

96 1 10 

96134 

96159 

96183 

96108 

96132 

97 

97476 

975oo 

975*5 

97549 

97573 

97598 

976*2 

97646 

97671 

97695 

9* 

798933 

798958 

798982 

799006 

799030 

799054 

799079 
799103 

799i*7 
799i5i 

9*8 

00384 

00408 

00432 

00456 

00481 

00505 

00529 

00553 

00577 

00601 

0 
1 
2 
3 
4 
5 
6 

7 
8 
9 

30 
45 

3  0 
15 
3;) 
45 

4  0 
15 
30 
4"» 

87340 
87365 
87390 

«74«5 
87440 

87465 
87490 
87516 
87541 
87566 

88843 
88868 
88893 
88918 
88943 
88968 

88993 
89018 
89043 
89068 

9°339 
90364 
90389 
90413 
90438 
90463 
90488 
90513 
90538 
90563 

91828 
91853 
91878 
91902 
91927 
91952 

91977 
92002 
92026 
92051 

933" 
93336 
93360 

93385 
93410 

93434 
93459 
93483 
93508 

93533 

94787 
94812 
94836 
94861 
94885 
94910 

94934 
94959 
94983 
95008 

96256 
96281 
96305 
96330 

96354 
96379 
96403 
96427 
96452 
96476 

97719 
97744 
97768 

9779* 
97817 

97841 
97865 
97889 
979H 
97938 

799176 
799200 

799**4 
799*48 
799271 
799297 
799311 
799345 
799369 
799393 

00625 
00649 
00673 
00698 
00722 
00746 
00770 
00794 
00818 
00842 

10 
II 
12 
13 
14 
15 
10 
17 
18 
19 

5  0 
15 
30 
45 

f  o 
15 
30 
45 

7  o 

15 

86082 
86108 
86133 
86158 
86183 
86208 
-86233 
86259 
86284 
86309 

8759" 
87616 
87641 
87666 
87691 
87716 

8774" 
87766 
87791 
87816 

89093 
89117 
89141 
89167 
89192 
89117 
89242 
89267 
89291 
89317 

90587 
90612 
90637 
90662 
90687 
90712 

9°737 
90761 
90786 
90811 

92076 
92101 
92125 
92150 
92175 
91200 
92224 

9**49 
92274 
92199 

93557 
9358* 
93607 
93631 
93656 
93681 
93705 
9373o 
93754 
93779 

95032 

95057 
95081 
95106 
9513c 

95155 
95180 
95204 
95229 
95*53 

96501 
96525 

96549 
96574 
96598 
96623 
96647 
96672 
96696 
96720 

97962 

97987 
9801 1 
98035 
98060 
98084 
98108 
98i33 
98i57 
98181 

7994i8 
799441 
799466 
799490 
7995H 
799539 
799563 
799587 
7996 1 1 

799635 

00866 
00890 
00914 
00938 
00963 
00987 

OIOU 

01035 

01059 
01083 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

90 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

86334 
86359 
86385 
86410 

86435 
86460 
86485 
86510 
86536 
86561 

87S42 
87866 
87891 
87917 
87942 
87967 
87992 
88017 
88042 
88067 

89342 
89367 
89392 
89417 
89442 
89467 
89491 
89517 
89542 
89567 

90836 
90861 
90886 
90911 

9°935 
90960 

90985 
91010 
91035 
91060 

91313 
91348 
9*373 
9*397 
92421 

9*447 
91471 
91496 
92521 
92546 

93804 
93828 

93853 
93878 
93902 
939*7 
93951 
93976 
94001 
94025 

95*78 
95302 

953*7 
95351 
95376 
95400 

954*5 
95449 
95474 
95498 

96745 
96769 
96794 
96818 
96842 
96867 
96891 
96916 
96940 
96964 

98205 
98230 

98*54 
98278 

98303 
983*7 
98351 

98375 
98400 

984*4 

799660 
799684 
799708 

79973* 
799756 

79978o 
799805 
799819 

799853 
79987; 

01107 
01131 

01155 

01179 
01203 

01227 
01251 

01275 

01299 

01314 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

IS  0 
15 

86586 
866 1 1 
86636 
86661 
86687 
86712 

86737 
86762 

86787 
86812 

88092 
881 17 
88142 
88167 
88192 
88217 
88242 
88167 
88292 
88317 

89592 
89617 
89642 
89666 
89691 
89716 
89741 
89766 
89791 
89816 

91084 
91109 

9"34 
91159 
91184 
91208 
91233 
91258 
91283 
91308 

9*570 

9*595 
92620 
92644 
92669 
92694 
9*719 
9*743 
91768 

9*793 

94050 
94074 

94099 
94124 
94148 
94'73 
94197 
94222 

94*47 
94*7i 

955*3 
95547 
9557* 
95596 
95620 

95645 
95669 
95694 
957i8 

95743 

96989 
97013 
97038 
97062 
97086 
97m 
97135 
97159 
97184 
97208 

98448 
98473 
98497 
985*1 
98545 
98570 

98594 
08618 
98642 
98667 

799901 
799915 
799949 
799974 
799998 
8ocoii 
800046 
800070 
800094 
800119 

01348 
01372 

01396 
01420 

01444 

01468 

01492 

01516 

01540 
01564 

40 
41 
42 
•13 
14 
40 

47 

48 
49 
6(f 
51 
62 

54 
55 
58 
57 

58 
5J» 

30 
45 
13  0 
15 
30 
45 

U  o 

15 

to 

45 

86837 
86863 
86888 
86913 
86938 
86963 
86988 
87013 
87038 
87064 

88342 
88368 

88393 
88418 

88443 
88468 
88493 
88518 
88543 
88568 

89841 
89866 
89891 
89916 
89940 

89965 
89990 
90015 
90040 
90065 

9*333 
9«357 
91382 
91407 
91432 

9M57 
91481 
91506 

9i53» 
91556 

92817 
92842 
92867 
92891 
92916 
92941 
91966 
91990 
93015 
1 93040 

94296 
94320 
94345 
94369 
94394 
94419 
94443 
94468 
94492 
94517 

95767 
9579* 
95816 

95841 
1 95865 
,95890 
1 95914 
195939 
1 95963 

1 95988 

97232 

97*57 
97281 
973o6 
97330 
97354 
97379 
97403 
97427 
9745* 

98691 
98715 
98739 
98764 
98788 
98812 
98836 
98861 
98885 
98909 

800143 
800167 
80019 1 
800115 
8c  02  39 
800264 
800288 
800312 
800336 
800360 

01588 
01612 
01636 
01660 
01684 
01708 

01732 
01756 

01780 
OI8C4 
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TABLE  69 


O.  SINE  HJUARE                       | 

105° 

11 

1 

107° 

108° 

*L\ 

46' 

<r 

16'  I  Jf 

46' 

« 

1  w 

w 

45' 

or 

16' 

s. 

7»3^ 

7*3- 

7b4» 

7h6- 

7*8- 

7*7" 

7*8-!7h»- 

7*10- 

7"  11- 

7h 13-  7* I3» 

/  u 

9  0 
15 
30 
46 

1  0 
16 
30 
45 

3  0 
16 
30 
46 

3  0 
15 
30 
46 

4  0 
16 
30 
45 

9- So 
1828 
1852 

1876 
1900 
1924 
1948 
1972 
1996 
2020 
2044 

9*  80 
3266 
3290 
33H 
333« 
33«* 
33«S 
3409 

3433 
3457 

9*80 

4697 
4721 

4745 
4769 

479* 
4816 
4840 
4864 
4887 
491 1 

9*80 
6122 
6146 
6169 
6193 
6217 
6240 
6264 
6288 
63,, 
*335 

9-80 
754© 
75*4 
7587 
761 1 

7*34 
7658 
7682 

7705 
77*9 
775* 

9-8 

08952 

08975 

08999 

09022 

09046 

09069 

°9°y3 
09116 

09140 
09163 

9-8 

">357 

10381 

10404 

10427 

10451 

10474 

10498 

10521 

10544 

10568 

98 

"75* 
11780 
11 803 
11826 
11849 
11873 
1 1896 
11919 
11942 
11966 

98 

13149 

13172 

i3'95 
13*19 
13242 

13**5 
13288 

133" 
13334 
13357 

9'8 

H535 

14558 

14581 

14604 

14628 

H*5i 

■4*74 

14697 

147*0 

H743 

98 

15915 
15938 
159*1 
15984 
16007 
16030 
16054 

i*C77 
16100 
16123 

9*8 
17*89 
1731* 
17335 

17357 
17380 
17403 
17426 

17449 

1747* 
17494 

0 
1 

3 
3 
4 
6 
6 
7 
8 
9 

2068 
2092 
2116 
2140 
2164 
2188 

2212 
2236 
226o 
2284 

35°< 
35*9 
3553 
3S77 
3601 
3624 
3648 
3672 
3696 
3720 

4935 
4959 
4983 
5006 
5030 

50$} 
5078 
5102 
5«*5 
5»49 

*359 
6383 
6406 

*43* 
*45t 

6501 

*5H 
654I 
6571 

777* 
7800 

78*3 
7847 
7870 
7*94 
79»7 
794« 
79*4 
7?8X 

09187 

09s  10 
°9*34 
09*57 
09281 
09304 
09327 
09351 

09374 
09398 

10591 
10614 
10638 
10661 
10684 
10708 
10731 
10754 
10778 
10801 

11989 
12012 
12035 
12059 
12082 
12105 
12128 
12152 

i*i75 
12198 

13381 
13404 
134*7 
13450 
13473 
1349* 
13519 
13543 
13566 

13589 

14766 
14789 
14812 

14835 
14858 
1488 1 

14904 
H9*7 
H950 
14973 

16146 
16169 
16191 
16214 
16237 
16260 
16283 
16306 
16329 
16352 

17517 
17540 
175*3 
1758* 
17608 

17*31 
17*54 

17677 
17700 
17722 

10 
11 
13 
13 
14 
15 
16 
17 
18 
19 

6  0 
16 
30 
46 

8  0 
16 
30 
45 

7  o 
15 

2308 

2356 
2380 
2404 
2428 

*45* 
2476 
2500 
2524 

3744 
3768 

379* 

lVS 

3839 

3863 
3887 
3911 
3935 
3959 

5.73 

5197 
5220 

5*44 
5268 
5292 
53«5 
5339 
5363 
5387 

*595 
6619 
6643 
6666 
6690 
6714 

*737 
6761 

6785 
6808 

8012 
8035 
8059 
8082 
8106 
8129 
8153 
8176 
8200 
8223 

C9421 

c9445 
09468 
09492 

c95«5 
09538 
09562 
09585 
09609 
09632 

10824 
10848 
10871 
10894 
10918 
10941 
10964 
10988 
11011 
11034 

12221 
12245 
12268 
12291 
12314 

i*337 
12361 
12384 
12407 
12430 

13612 

13*35 
13658 
13681 

13704 
137*7 
13751 
13774 
13797 
13820 

14996 
15019 
15042 
15065 
15088 
15m 
15134 
15157 
15180 
15203 

1*375 
i*398 
16420 

1*443 
16466 
16489 
16512 
i*534 
1*557 
16580 

17745 
17768 

17791 
17814 
17837 

17859 
17882 
17905 
179*8 
17951 

30 
31 
S3 
33 
34 
35 
38 
37 
38 
39 

30 
45 

8  0 
15 
30 
45 

9  0 
16 

to 

46 

2548 

*57* 
2596 
2620 
2644 
2668 
2692 
2716 
2740 
*7*f 

3982 
4006 
4030 
4054 
4078 
4102 

4"5 
4>49 
4»73 
4  'J7 

5410 
5434 
5458 
5482 

5505 
55*9 
5553 
5577 
$6co 

5**4 

6832 
6856 

*879 
6903 
6926 
6950 

*974 
6997 
7021 
7*45 

8247 
8270 

8*94 
8318 
8341 

83*5 
8388 
8412 
8435 
8459 

09656 
09679 
09702 
09726 
09749 

09773 
09796 
09819 
09843 
09S66 

11058 
11081 
1 1104 
11127 
11151 
1 1174 
11198 
1 1221 
1 1244 
11267 

i*453 
1*477 
12500 
12523 
12546 
12570 

:as 

12639 
12662 

13843 
13866 
13889 
13912 

13935 
13958 
13982 
14005 
14028 
14051 

15226 

15*49 
15272 

15*95 
15318 
15341 
153*4 
15387 
15410 

15433 

16603 
16626 
16649 
16671 
16694 
16717 
16740 
16763 
16786 
16809 

17973 
17996 
18019 
18042 
18064 
18087 
18110 
18133 
18156 
18178 

39 
31 
33 
33 
34 
16 
38 
37 
38 
39 

io  o 

15 

so 

45 
11  0 
16 
SO 
46 
13  0 
16 

*7*7 
2811 
2835 
2859 
2883 
2907 
2931 
*955 
*979 
3003 

4221 

4*45 
4*69 

4*9* 
4316 

4340 
4364 
4388 

44" 

44  J  J 

5648 
5*7* 
5*95 
5719 

5743 
5766 

5790 
5814 

5837 
5861 

7068 
7092 
7ii5 
7139 
7i*3 
7186 
7210 
7*33 
7*57 
7281 

8482 
8506 
85*9 
8553 
857* 
8600 
8623 

8*47 
8670 

8*?4 

09890 
09913 
09936 
09960 
09983 
10007 
10030 
10053 
10077 

IOIOO 

11291 
11314 

"337 
11361 

11384 

1 1407 
1 143 1 
"454 
"477 
1 1500 

12686 
12709 

12732 

1*755 
1*778 
12801 
12825 
12848 
12871 
12894 

14074 
14097 
14120 

14166 

14189 

14212 

14*35 
14*59 
14282 

1545* 
15479 
15502 

»55*5 

15548 
15571 
15594 
15617 
15640 
15663 

16832 
16854 
1*877 
16900 

l^l 
169*6 

16969 

16992 

17015 
17037 

18201 
18224 
18247 
18269 
18292 
18315 
18338 
18360 

18383 
18406 

49 
41 
43 
43 
44 
46 
48 
47 
48 
49 

30 
45 

13  0 
16 
SO 
46 

II  0 
15 
SO 
45 

3027 
3051 
3<>7S 
3099 
3"3 
3146 

3i7o 

3194 
3218 

3*4* 

4459 
4483 
4507 
453' 
4554 
4578 
4602 
4626 
4650 
4*73 

5885 
59<>9 
593* 
595* 
5980 
6C03 
6027 
6051 
6075 
6098 

7304 
73*8 
7351 
7375 
7399 
74** 
744* 
74*9 
7493 
7517 

8717 

8741 
8764 
8788 
8811 

8835 
8858 
8882 
8905 
89*9 

10124 

10147 

10170 

10194 

10217 
10241 
10*64 
10287 
103 1 1 

110334 

11524 
"547 
11570 

"594 
11617 
11640 
11663 
11687 
11710 

"733 

12917 

1*941 
12964 
12987 
13010 

13033 
13056 
13080 
13103 
13 126 

14305 
14328 

14351 
14374 
14397 
144*0 
14443 
144** 
14489 
1451* 

15686 
15709 
1573* 
15755 
1577* 
15801 

33 

15869 
15892 

17060 
17083 
17106 
17129 
1715* 
17175 
17198 
17220 

17*43 
17266 

184*9 
1845* 
18474 
18497 
18520 

18543 
185*5 
18588 
1861 1 
18*3? 

50 
51 
53 
53 
54 
65 
58 
57 
58 
68 
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967 


LOO.  SING  SQUAK& 

108° 

109° 

110° 

lllc 

t. 

30 

45' 

0* 

15 

30' 

45' 

7*  ID" 

_0' 

7h  n* 

15' 

sr 

45' 

7h  14- 

7*  15» 

7hl6m 

7h17- 

7h|Hm 

7h2l" 

7h  22'" 

711 2:t«M 

7h24" 

0  0 

15 
30 
45 

1  0 
15 

:*> 

45 

2  0 

15 

9-8 

18656 

18679 

18702 

187*4 

18747 

18770 

18793 
18815 
18838 
18861 

9-8 

20017 

20040 

20063 

20085 

20108 

20130 

20153 

20176 

20198 

20221 

9-8 
21372 

*'395 
21417 
21440 
21462 
21485 
21507 
21530 
21552 
21575 

98 

22721 

22743 

22765 

22788 

22810 

22833 

22855 

22878 

22900 

22922 

24063 
24085 
24108 
24130 
24152 
24174 
24197 
24219 
2424I 
24264 

9'8 

25399 

25421 

25444 
25466 
25488 
25510 
2553* 
*5555 
25577 
25599 

9-8 
26729 

26751 

26773 

26795 
26817 
26840 
26862 

26884 
26906 
26928 

9'8 

28053 

28075 

28097 

28119 

28141 

28163 

28185 

28207 

28229 

28251 

98 

29370 

29392 

20414 

29436 

29458 

29480 

29502 

29524 

29546 

29568 

98 

30682 
30704 

30726 

30747 

30769 

30791 
30813 

30835 

30856 
30878 

9*8 

31987 

32009 

32031 

32052 

32074 

32096 

32118 

32139 

32161 

32183 

0 
1 

3 
4 

5 

« 

7 

* 

30 
45 

3  0 
15 

30 
45 

4  0 
16 
30 
45 

18883 
18906 
18929 
18952 
18974 
18997 
1 9c  20 
19042 
19065 
19088 

20244 
20266 
20289 
203 1 1 
20334 

*<>357 
20379 
20402 
20424 
20447 

"597 
21620 
21642 
21665 
'1687 
21710 
*I7V* 
"755 
21777 
21800 

22945 
22967 
22990 
23012 
23034 
23057 
23079 
23102 
23124 
23146 

24286 
24308 
24331 
24353 
24175 
24398 
24420 
24441 

24464 
24487 

25621 
25643 
25666 
25688 
25710 
25732 

25754 
25776 

25799 
25821 

76950 

26972 
26994 

27016 
27038 
27061 
27083 

27105 
27127 
27149 

28273 
28295 
28317 
28339 
28361 
28383 
28405 
28427 
28449 
28471 

29589 
29611 
29633 
29655 
29677 
29699 
29721 

29743 
29765 
29786 

30900 
30922 

30944 

30965 

30987 

3IC09 
31031 
31052 

31074 

31096 

32204 
32226 
32248 
32269 
32291 
32313 
32335 
32356 
32378 
32400 

10 

11 
12 

13 
N 
15 
16 
17 

in 

IS) 

5  0 
15 
90 
45 

*  0 
15 
30 
45 

7  o 

15 

19111 

»9»33 
19156 

i9'79 
19201 
19224 
19247 
19269 
19292 
193M 

20470 
20492 
20515 

*°537 
20560 
20582 
20605 
20628 
20650 
20673 

21*22 
21845 
21867 
21890 
21912 

"935 
21957 
21980 
22002 
22025 

23169 
23191 
23214 
23236 
23258 
23281 
23303 

23325 
23348 
23370 

24509 
245  3 1 
24554 
24576 
24598 
24620 
24643 
24665 
24687 
24710 

25843 
25865 

25887 
25910 
*5932 
25954 
25976 
25998 
26020 
2604$ 

27171 
27193 
27215 

27237 
27259 
27281 
27303 
27325 
27*48 
27370 

28493 
28515 
28537 

28559 
28581 
28603 
28625 
28646 
28668 
28690 

29808 
29830 
29852 

29874 
29896 
29918 

29940 
29961 

29983 
30005 

31118 
31140 

31161 
31183 

31205 

31227 
31248 
31270 
31292 

31314 

32421 

32443 
32465 
32486 
32508 
32530 
32551 
32573 
32595 
32616 

20 
21 
22 

23 
24 
26 
20 
27 
28 
2ft 

30 
45 

8  0 
15 
30 
45 

0  0 
15 
30 
4:> 

19338 
19360 
19383 
19406 
19428 
19451 
«9474 
19496 
19519 
1954* 

20695 

20718 
20741 
10763 
20786 
20808 
20831 
20853 
20876 
20899 

22047 
22070 
22092 
22115 
22137 
22159 
22182 
22204 
22227 
22249 

23392 
23415 
23437 
23460 
23482 
23504 
23527 
23549 
23571 
23594 

H732 
*4754 
24776 
24799 
24821 

24843 
24865 
24888 
24910 
249*>x 

26065 

26087 
26109 
26131 
26153 
26176 
26198 
26220 
26242 
26264 

27392 
27414 
27436 
27458 

27480 

27502 
27524 
27546 
27568 
27590 

28712 
28734 
28756 
28778 
28800 
28822 
28844 
28866 
28888 
28910 

30027 
30049 
30071 
30093 

30114 
30136 
30158 
30180 
30202 
30224 

31335 

31357 
31379 

3 140 1 
31422 

31444 
31466 
31488 
31509 
31531 

32638 
32660 
32681 
32703 
32724 
32746 
32768 

32789 
32811 
32833 

30 
31 
32 
33 
34 
36 
36 
37 
38 

at 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

19564 
19587 
19610 
19632 
19655 
19678 
19700 
'97*3 
10746 
19768 

20921 
20944 
20966 
20989 
21011 
21034 
21056 
21079 

2II02 
21124 

22272 
22294 
22317 
22339 
22362 
22384 
22406 
22429 
22451 
22474 

23616 
23639 
23661 
23683 
23706 
23728 
23750 
23773 
23795 
23817 

24954 

24977 

24999 
25021 

25043 
25066 
25088 
25110 
25132 
25M5 

26286 
26309 
26331 
26353 

26375 
26397 
26419 
26441 
26463 
26486 

27612 

27634 
27656 
27678 

27700 

27722 

27744 
27767 
27789 
27811 

28932 
28954 
28976 
28998 
29020 
29042 
29064 
29086 
29107 
29129 

30245 
30267 
30289 
30311 
30333 
30355 
30377 
30398 
30420 
30442 

3H53 
31575 
31596 
31618 
31640 
31662 
31683 
31705 
31727 
31749 

32854 
32876 
32898 
32919 

32941 
32963 

32984 
33006 
33027 
33049 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
1* 
30 
45 

19791 
19814 
19836 
198C9 
19881 
19904 
19927 

19949 
19972 

19995 

21 147 

2U69 
2H92 
21214 

21237 

21259 
21282 
21304 
21327 
2I35O 

22496 
22519 
22541 
22564 
22586 
22609 
22631 
22653 
22676 
22698 

23840 
23862 
23884 
23907 
23929 
23951 

23974 
23996 
24018 
24041 

25177 
25199 
25221 
25243 
25266 
25288 
25310 
*533* 
25355 
25377 

26508 
26530 
26552 

26574 
26596 
26618 
26641 
26663 
26685 
16707 

27833 
27855 
27877 
27899 
27921 

*7943 
27965 
27987 
28009 
28031 

29151 
29173 
29195 
29217 
29239 
29261 
29283 
29305 
29327 
2)349 

30464 
30486 
30507 
30529 
30551 
30573 
30595 
30617 
30678 
30660 

31770 
31792 
31814 
31835 
3"857 
31880 
31901 
31922 

3»944 
31^66 

33071 
33092 
33114 
33135 
33157 
33179 
33200 
33222 

33244 
33265 

50 
51 
62 
63 
64 
56 
56 
57 
58 
50 
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TABLE  69 


LOO.  SINE  SQUARE 

111° 

112° 

113° 

9 

\y  ■ 

30* 

46' 

0* 

15' 

30' 

46' 

(T 

15' 

30*  |  45' 

7»*5* 

7**8* 

7*27- 

7*  28* 

7*22* 

7fc30- 

7I,31- 

7*32- 

7*33* 

7*34-1 7*  36» 

o'  0 

16 
30 
45 

1  0 
15 
90 
45 

2  0 
15 

98 

33*87 

333o8 

3333o 

3335a 

33373 

33395 

33416 

33438 
33460 
3348i 

9*8 

3458o 

346oi 

346*3 

34644 

34666 

34687 
34709 
34730 
3475* 

3477  3 

9*8 
35867 
35889 
35910 

35931 
35953 
35974 
35996 
36017 
36038 
36060 

9-8 

37148 

37i7o 

37i9i 
37212 

37*34 
17*5  < 
37*76 
37*97 
37319 
3734o 

9'8 
384*4 
38445 
38466 

38487 
38508 
38530 
38551 
3857* 
38593 
38614 

98 

39693 

39714 

39735 

39756 

39777 
39798 
39819 
39840 
39861 
39883 

9'8  < 
40956 

40977 
40998 
41019 
41040 
41061 
41082 
4i  103 
4H*4 
4"45 

98 

4**13 
42234 

4**55 
4**76 
4**97 
41318 
4*339 
4*359 
42380 

42401 

43464 
43485 
435o6 

435*7 
43548 
43568 

43589 
43610 

43631 
43652 

9*8 
44710 

4473° 
44751 
4477* 
44793 
44813 
44834 
44855 
44875 
44896 

9*8 

45949 

4597© 

45990 

4601 1 

4603* 

46052 

46073 

46093 

46"4 

46135 

0 

1 

2 
3 
4 
5 
f 
7 
8 
• 

30 
45 

3  0 
15 
30 
46 

4  0 
15 
10 
46 

33503 
335*4 
33546 
33568 
33589 
33611 
33632 
33654 
33675 
33697 

34795 
348i6 
34838 
34859 
3488i 
3490* 
349*4 
34945 
34967 
34988 

36081 
36103 
361*4 
36145 
36167 
36188 
36209 

36231 
36252 

36274 

3736i 
37383 
37404 
374*5 
37446 
37468 
37489 
375io 
3753* 
37553 

38636 
38657 
38678 

38699 
38720 

38741 
38763 
38784 
38805 
38S26 

39904 
399*5 
39946 
39967 
39988 

4000S 
40030 
40051 

40072 
40093 

41 166 

41187 
41208 

41**9 
4i*50 
4«7i 
41292 

4I3U 
41334 
41355 

42422 
4*443 
4*464 
4*48j 
42506 
42526 
4*547 
4*568 

4*589 
42610 

43672 
43693 
437H 
43735 
43756 
43776 
43797 
43818 
43839 
43859 

449^ 
44937 
44958 

44979 
45000 
45020 

45041 
45062 
45082 
45103 

46155 
46176 
46196 
46217 
46238 
46258 
46279 
46299 
46320 
46341 

10 
11 
12 
13 
14 
16 
18 
17 
18 
If 

6  0 
16 
30 
45 

0  0 
16 
30 
46 

7  0 

16 

337-8 

3374o 
33762 
33783 
33805 
338*6 
33848 
33869 
33891 
339n 

35010 
3503» 
35051 
35074 
35096 
15"7 
35138 
35160 
35>8i 
35*o3 

36316 
3«338 
36359 
36380 
36402 
364*3 
36444 
3M6 
3M7 

37574 
37595 
37617 

37638 

37659 
3768o 

37702 
377*3 
37744 
37766 

38847 
38868 
38890 
38911 
3893* 
38953 
38974 
38995 
39017 
39038 

40114 
40136 
40157 
40178 
40199 
40220 
40241 
40262 
40283 
40304 

41376 
41397 
414 1 8 

41439 
4M6o 
41481 
41502 
41522 
41543 
41564 

42631 
42652 
4*673 
4*693 
4*7H 
4*735 
4*756 
4*777 
4*798 
4*8i9 

4388o 
43901 
439** 
4394* 
43963 
43984 
44005 
44026 
44046 
44067 

451*4 
45144 
45i65 
45186 
45206 
45**7 
45*48 
45268 

45*89 
453io 

46361 
46382 
46402 

464*3 
46443 
46464 
46484 
46505 
465*6 
46546 

20 
21 
22 
23 

24 
25 
26 
27 
28 
20 

30 
45 

8  0 
16 
30 
46 

•  0 
16 
SO 
45 

33934 
33956 
33977 
33999 
340*o 

3404* 
34063 

34085 
34'07 
341*8 

35*H 
35*45 
35*67 
35*89 
353io 
3533* 
35353 
35375 
35396 
?54'7 

36509 
36530 
36551 
36573 
36594 
36615 
36637 
36658 

36679 
36701 

37787 
37808 
37829 
37851 
3787* 
37893 
379"4 
37935 
37957 
J7?78 

39059 
39080 

39ioi 
39122 

39143 
39165 
39186 
39*07 
39**8 
39*49 

403*5 
40346 
40367 
40388 

40409 
40430 

40451 
4047* 
40493 
405»5 

IBS 

41627 
41648 
41669 
41690 
417" 
4i73* 
41753 
41774 

42839 
42860 
42881 
42902 
41913 
4*944 
42965 
42986 
43006 
43027 

44088 
44109 
44119 
44150 
44171 
44192 

44*i* 
44*33 
44*54 
44*75 

4533° 
45351 
4537* 
4539* 
45413 
45434 
45454 
45475 
45495 
455i6 

46567 
46587 
46608 
46628 

46649 
46670 
46690 
46711 
46731 
467** 

38 
31 
32 
33 
34 
35 
38 
37 
38 
39 

10  0 
15 
90 
46 

11  0 
16 
30 
46 

12  t 
16 

34«50 
34171 
34'93 
34*14 
34*36 
34*57 
34*79 
343oo 

343** 
34343 

15439 
3H6o 
35482 
35503 
355*5 
35546 
35567 
35589 
35610 
?J*3* 

36722 
36743 

%» 

36S07 
36829 
36850 
36871 
36893 
?*9 14 

37999 
38020 
38042 
38063 
38084 
38105 
38127 
38148 
38169 
38190 

39270 
39292 
39313 
39334 
39355 
39376 
39397 
39418 
39439 
3946o 

40536 
40557 
40578 

40599 
40620 

40641 
40662 
40683 
40704 
40725 

41795 
41816 

41837 
41858 
41878 
41900 
41920 

41941 
41962 

41983 

43048 

43069 
43090 

43m 
43131 
4315* 
43173 
43194 
43*15 
43*35 

44*95 
44316 

44337 
44358 
44378 
44399 
444*o 
44441 
44461 
4448* 

45537 
45557 
45578 
45599 
45$i9 
45640 
45661 
45681 
457oi 
45722 

46772 

46793 
46814 
46834 
46854 
46875 
46895 
46916 
46937 
46957 

40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

30 
46 

18  0 
15 
30 
45 

14  0 
15 
30 
46 

3436} 
34386 
344o8 
344*9 
3445» 
3447* 
34494 
34515 
34537 
34558 

35653 

35696 

35717 
35739 
3576o 

3578* 
35803 
358*4 
35M 

3*935 

3f957 
36978 
36999 
37021 

3704* 
37063 
37084 
37106 

37i*7 

38*11 
38233 
38i54 
38275 
38*96 
38318 

38339 
38360 
38381 
38402 

39482 
39513 
395M 

39566 

39608 

396*9 
39651 
39672 

40746 
40767 
40788 
40809 
40830 
40851 
40871 
40893 
409H 
40933 

42004 
42025 
4*046 
4*067 
42088 

4*109 
4*130 
4*150 
4*171 
42192 

43*56 
43*77 
43*98 
43  3  "9 
433s° 
4336o 
43381 
43402 

434*3 
43444 

44503 
445*3 
44544 
44565 
44586 
44606 

446*7 
44648 
44668 
44680 

45743 
45764 
45784 
45805 
458*6 
45846 
45867 
45887 
45908 
459*9 

46978 
46998 
47019 

470J9 
47o6o 
47080 
47101 
47121 
47142 
47162 

60 
61 
52 
53 
54 
56 
58 
«7 
58 
58 

sec.  r  r  y  4'  y  6*  r  v  r  w  ir  12*  13*  w  \v 

P.  21.  Parts  13467  S  10  tl  13  14  15  it    1%    20  21 

Table  69 


8<W 


LOO.  SINE  SQUARE 

U4° 

115° 

116° 

t. 

c"  1  iV 

7t,38™ 

45 

0* 

15' 

30' 

45' 

0' 

IS' 

30' 

7h39" 

7h40~ 

7h41- 

7fc42~ 

7h43» 

71144m 

7h46"« 

7*40- 

/ 

9-8    98 

9'8 

9*8 

9*8 

9-8 

9-8 

9'8 

98 

98 

9-8 

0  0 

47183  1 48410  49*3* 

50848 

51058 

53*63 

5446i 

55654 

56841 

5S012 

59198 

0 

16 

47103 

4*43« 

49653 

5086S 

52078 

53*83 

54481 

55674 

56861 

58042 

59*17 

1 

30 

47224 

4»45' 

49673 

50889 

52099 

53303 

545oi 

55694 

56880 

58061 

59*37 

9 

4/. 

47244 

4847a 

49693 

50909 

52119 

533*3 

545*1 

55713 

56900 

58081 

59*57 

3 

1  0 

47265 

48492 

497 « 3 

50929 

52139 

53343  54541 

55733 

56920 

58101 

59*76 

4 

16 

47**5 
47306 

48512 

49734 

50949 
50969 

5*159 

53363  5456i 

55753 

56940 

58120 

59*95 

6 

90 

48533 

49754 

5a  179 

53383  54581 

55773 

56959 

58140 

593'5 

6 

45 

47326 

48553 

49774 

50990 

52199 

534*3 

54J01 

55793 

56979 

58160 

59334 

7 

2  0 

47347 

48574 

49795 

51010 

52219 

534*3 

54621 

55813 

56999 

58179 

59354 

8  t 

15 

47367 

48594 

49815 

51030 

5**39 

53443 

54640 

558}* 

57019 

58199 

59373 

9 

30 

47388 

48615 

49835 

51050 

52260 

53463 

54660 

5585* 

57038 

58119 

59393 

10 

40 

47408 

48635 

49856  51071 

52280 

53483 

54680 

5587* 

57058 

58238 

59413 

11 

3  0 

474*9 

48655 

49876 

51091 

51300 

53503 

54700 

55892 

57078 

58*58 

5943* 

12 

15 

47449 

48676 

49896 

51111 

51320 

535*3 

54720 

55911 

57097 

58277 

5945* 

13 

30 

47470 

48696 

49917 

51131 

5*340 

53543 

54740 
54760 

55931 

57"7 

58297 

59471 

14 

45 

4749° 

48716 

49937 

51151 

52360 

53563 

55951 

57137 

58317 

5949' 

U 

4  0 

47<n 

48737 

49957 

51172 

51380 

53583 
53603 

54780 

5597' 

57157 

58336 

59510 

18 

15 

4753' 

48757 

49977 

51191 

52400 

54800 

55991 

57176 

58356 

5953o 

17 

30 

4755a 

48778 

49998 

51212 

51420 

53623 

54820 

56011 

57196 

58375 

59549 

18 

45 

47572 

48798 

jooi8 

51232 

5*44o 

53643 

54840 

56030 

37216 

58395 

59569 

IV 

A  0 

47593 

48818 

50038 

51252 

51460 

53663 

54860 

56050 

57*35 

584>5 

59588 

20 

16 

47613 

48839 

50059 

51172 

5*48i 

53683 

54879 

56070 

57*55  58434 

59608 

21 

30 

47634 

48859 

50079 

51*93 

51501 

53703 

54899 

56090 

57*75 

58454 

59617 

22 

45 

47654 

48879 

50099 

5'3'3 

51511 

537*3 

54919 

561 10 

57*94 

58473 

59647 

23 

«  0 

47675 

48900 

501 19 

5U33 

5*54i 

53743 

54939 

561*9 

573H 

58493 

59666 

24 

Id 

47695 

48920 

50140 

5U53 

51561 

53763 

54959 

56149 

57334 

58513 

59686 

25 

30 

4771J 
47736 

48961 

50160 

51373 

5*58i 
52601 

53783 

54979 

56169 

57354 

5853* 

59705 

2fi 

45 

50180 

51393 

53803 

54999 

56189 

57373 

5855* 

597*5 

27 

7  o 

47756 

48981 

50200 

5HI4 

52611 

538*3 

55019 

56209 

57393 

58571 

59744 
59764 

28 

15 

47777 

49002 

50221 

5H34 

51641 

53843 

55039 

56228 

_J74'3 

58591 

28 

30 

47797 

49011 

5°*4i 
50261 

5H54 

51661 

53863 

55058 

56248 

5743* 

58611 

59783 

30 

46 

47818 

49042 

5H74 

51681 

53883 

55078 

56268 

5745* 

58630 

59803 

31 
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47838 

49063 

50282 

5H94 

51701 

53903 

55098 

56288 

5747* 

58650  59812 

32 

16 

47859 

49083 

50302 

5'5i5 

51711 

539*3 

55118 

56308 

57491 

58669 

59841 

33 

30 

47879 

49103 

50322 

51535 

5*74* 

53943 

55138 

563*7 

575H 

586S9 

59861 

34 

46 

47900 

49114 

5<>34a 
50363 

51555 

51761 

53963 

55158 

56347 

5753' 

587C9 

59881 

36 

»  0 

47920 

49*44 

5'575 

51782 

53982 

55178 

56367 

57550 

58718 

599CO 

36 

16 

47941 

49165 

50383 

51595 

52801 

54002 

55'97 

56387 

57570 

58748 

599*o 

37 

30 

47961 

49185 

50403 

51615 

52822 

54022 

55*17 

56406 

5759o 

58767 

59939 

38 

46 

479»» 

49205 

50423 

51635 

52842 

54042 

55*37 

564*6 

57609 

58787 

59959 

30 

10  0 

48002 

49226 

50444 

51656 

52862 

54062 

55*57 

56446 

57629 

58806 

59978 

49 

16 

48022 

49146 

50464 

51676 

52882 

54082 

55*77 

56466 

57649 

58826 

59998 
60017 

41 

30 

48043 

49166 

50484 

51696 

52902 

54102 

55*97 

56485 

57668 

58846 

42 

45 

48063 

49287 

50504 

51716 

52922 

54122 

55317 

56505 

57688 

58865 

60037 

43 

II  0 

48081 

49307 

50525 

51736 

52942 

5414* 

55336 

565*5 

577o8 

58885 

60056 

44 

15 

48104 

493*7 

50545 

5'756 

52962 

54162 

55356 

56545 

577*7 

589C4  60075 

45 

30 

48125 

49348 

50565 

5»777 

52981 

54182 

55376 

56564 

57747 

589*4 

60095 

48 

45 
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50585 
50605 

51797 

53001  54101 

55396 

56584 

57767 

58944 

60114 

47 
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48166 

49388 

51817 

53022  J  54222 

554i6 

56604 

57786 

58963 

60134 

48 

16 

48186 

49409 

50626 

5'837 

53042!  54242 

55436 

56624 

J7806 

58983 

60153 

40 

30 

48207 

49429 

50646 

51857 

53062 

54262 

55455  1  56643 

57826 

59002 

60173 

50 

45 

48227 

49449 

50666 

51877 

53082 

54282 

55475 

56663 

57845 
57865 

59011 

60191 

61 
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48247 

49470 
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53102 

54302 

55495 

56683 

59041 
59061 

60211 

62 

15 

48267 
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50707 

51918 

53«3 
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55515 

56703 

57885 

60131 

68 

30 
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49510 

50727 

51938 
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55535 

56722 

57904 
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64 

45 
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49531 

50747 
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56742 
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66 
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51978 
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56762 

57944 

59110 
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6€ 

15 
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49571 

50788 
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53*03  |  54401  1  55594 

56781 

57963  59139 
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57 

50 

48370 

49492 '  50808 
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68 

15 
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V 

l* 
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7b62" 
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16 
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45 
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45 
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15 

98 
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60465 
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60513 

r8 

61531 
61551 
61570 

61590 
61609 

61618 
61648 
61667 
61686 

61706 

r8 

61690 
61709 
61718 

61767 
61786 
61805 

62815 

62844 
62863 
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63881 
63900 
63919 
63938 
63958 

63977 
63996 
64015 

64990 
65009 
65028 

65066 
65085 
65104 
65123 

Mi 
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66131 

66150 

66109 

66188 

66207 

66116 

66145 
66164 
66183 
66301 

08 
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67324 
67342 
67361 
67380 
67399 
67418 
67437 

08 

68397 
68416 

68435 
68454 
68472 
68491 
68510 
68529 

68547 
68566 

r8 

69511 
69540 

69559 
69578 

69597 

69615 

69634 
69653 

69671 
69690 

9*8 

70641 

70659 

70678 

70697 

70715 

70734 
70751 
70771 
70790 
70808 

9'8 

7*754 
71773 
7«79« 
71810 
71818 
71847 
71865 
71884 
71901 
719*1 

0 

1 

s 

3 

4 
6 
• 
7 
8 
9 

30 

45 

t  0 

15 
30 
46 
4  0 
16 
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46 

60562 
60581 
60002 
60620 
60640 
60659 
60678 
60698 
60717 
60737 

61725 

61744 
61764 

61783 
61802 
61822 
61841 
61860 
61880 
6i8o£ 

61881 

62902 
62921 
62940 

62959 
62979 

62998 
63017 
63036 
63056 

64034 
64053 
64073 
64092 
641 11 
64130 
64149 
64168 
64187 
64207 

65180 
65199 
65218 
65238 

65*57 
65176 
65195 
65314 
65333 
6535* 

66311 
66340 

66359 
66378 
66397 
66416 
66435 

66454 
66471 
66491 

67456 
67475 
67493 
67512 
67531 

67569 

67625 

68585 
68604 
68622 
68641 
68660 
68679 
68698 
68716 
68735 
68754 

69709 
69717 
69746 
69765 
69783 

69802 
69821 

69839 

69858 

69877 

70817 

70845 
70864 
70881 
70901 
70920 
70938 
70957 

70975 
70994 

71939 
71958 
71976 

71995 
72013 
71031 
71050 
71069 
71087 
71106 

10 
11 
12 
13 
14 
16 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  o 

15 

60756 
60776 

60795 
60814 
60834 

£553 
60873 

60892 

60911 

60931 

61918 
61938 
61957 
61976 
61995 
61015 
61034 
61053 
61073 
62092 

63075 
63094 
63113 
63132 
63152 
63171 

63190 
63209 

63228 

63248 

64226 

64245 
64264 
64283 
64302 
64321 
64340 
64360 

64379 
64398 

65371 
65390 
65409 
65428 

65447 
65466 

65485 
65504 
65523 
65541 

66510 
66519 
665*8 

66567 
66586 
66605 
66624 
66643 
66661 
66681 

67644 
67663 
67682 
677OI 
67710 

*7739 

67776 

67795 
67814 

68773 
68791 
68810 
68829 
68848 
68866 
68885 
68904 
68913 
68941 

69895 
69914 

69933 
69951 
69970 
69989 

70007 
70016 
70045 
70063 

71012 

7*031 
71050 
71068 
71087 
71105 
71124 

71143 
71161 

71180 

71124 

7*143 
72161 
71179 
71198 
71116 

71235 
71153 

7**7* 
71190 

30 
45 

8  0 
15 
30 
46 

9  0 
15 
30 
44 

60950 
60970 
60980 
61008 
61028 
61047 
61067 
61086 
61105 
61 115 

621 1 1 
61131 
61150 
61169 
61189 
61108 
61117 
61146 
62166 
61185 

63267 
63286 
63305 
633*5 
63344 
63363 
63382 
63401 
63421 
63440 

64417 
64436 

64455 
64474 
64493 
64511 
64532 

64551 
64570 
64589 

65<6i 

65*580 

65599 
65618 

65637 
65656 
65675 
65694 
65713 
6573* 

S0700 
66719 
06738 
65757 

66794 
66813 
66831 
66851 

66870 

47l33 
67852 
67870 
67889 
67908 
67917 
67946 
67965 
67984 
68coi 

68960 

il97i 
68998 

69016 

69035 

69054 

69073 

69091 

69110 

69129 

70081 
70101 

70119 
70138 
70157 
70175 
70194 

70111 

70131 

70150 

71198 
71117 
7«35 
71254 
71171 
71191 
71310 
71318 
71347 
71365 

7*309 
7*3*7 
71346 
71364 

7*383 
72401 
714*0 
7*438 
7*456 
7*475 

30 
31 
32 
33 

34 
35 
36 
37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
46 

12  0 
15 

61144 
61 164 
61183 
61202 
61122 
61141 
61261 
61180 
61299 
61319 

61304 
61324 

£313 
61361 

61381 

62401 

62420 

62439 

61459 

61478 

63459 
63478 
63497 

63536 
63555 
63574 
63593 

63613 

63632 

64608 

64617 
64646 
64665 
64684 
64703 
64723 
64742 
64761 
64780 

65751 

65770 
65789 
65808 
65827 
65846 
65865 
65884 
65903 
65922 

66889 

66908 
66917 
66946 
66965 
66984 
670CI 
67011 
67040 
67059 

6801 1 
68040 
68059 
68077 
68096 
68115 
68134 
68153 
68171 
68190 

69147 
69166 
691*5 
69204 
69222 
69241 
69260 

69*79 
69297 
69316 

70168 

70287 

70306 

70314 
70343 

70361 
70380 

70399 
70417 
70436 

71384 
71401 
714*1 
7H39 
7H58 
71476 

7H95 
71513 
7153* 
7155' 

7*493 
71511 
72530 

7*549 

72567 

7*586 
72604 

7*613 
72641 
71659 

40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

30 
46 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

61338 

6i357 
61377 
61396 
61415 
61435 
61454 

6i474 
61493 
61512 

62497 
62517 
52536 
62555 
62574 
62594 
61613 
61631 
61651 
61671 

63651 

63670 

63689 
63709 
63:28 

63747 
63766 

63785 

63804 
63823 

64799 
64818 

64837 
64856 
64875 
64894 
64913 

64933 
64952 
64971 

65941 
65960 

65979 
65998 
66017 
66036 
66055 
66074 
66093 
66112 

67078 
67097 
67116 
67135 
67154 

67173 
67191 
67110 
67129 
67248 

68109 
68228 
68147 
68266 
68284 
68303 
68322 

68341 
68360 
6837S 

69335 
69353 
69371 
69391 
69410 
69418 
69447 
69466 
69484 
69503 

70455 
70473 
70491 
70511 
70529 
70548 

70566 

70585 
70604 

70622 

71569 

71588 
71606 
71615 

71643 
71661 
71680 

71699 

71717 
71736 

7*678 
71696 

7*715 
7*733 
7*75* 
7*77o 
71788 
72807 
71815 
7*844 

60 
51 
12 
59 

94 

55 
56 
•7 
58 
99 
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0'  |  ~lV 

1. 

30*  |  45' 

0* 

15' 

30 

45' 

0r 

15' 

W 

45' 

«h7" 

7*  58-17*  *9m 
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30 
45 

1  0 
15 
30 
45 

S  0 
15 

9-8 

7*862 

72881 

72899 

71917 

71936 

7*954 

7*973 

72991 

73009 

73028 

73964 
73983 

74001 

74019 
74038 
74056 
74074 
74093 
741 1 1 

741*9 

75061 
75080 
75098 
75116 

75134 
7515* 

75*7* 

75189 
75*o7 
75**5 

9? 
76153 

76171 
76189 

76207 
76125 
76243 
76261 
76280 
76298 
76316 

9*8 

77*38 
77156 

77*74 
77*93 
773H 
773*9 
77347 
77365 
77383 
77401 

987 
8319 
8337 
8355 
8373 
8391 
8408 
8426 

8444 
8462 
8480 

9*8 

79394 

794H 

794*9 

79447 

79465 

79483 

795oi 

795*9 

79536 

79554 

988 
0463 
0481 
0499 
0516 

0534 
0551 
0570 
0587 
0605 
0623 

988 
«5*7 

1562 
1580 
1598 
1615 
1633 
1651 
1668 
1686 

988 
1585 
2603 
2621 
2638 
2656 
2673 
2691 
2709 
2726 
*744 

988 

3639 
3656 
3674 
3691 

3709 
37*6 
3744 
376i 
3778 
3796 
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4686 

4704 
47*1 
4738 
4756 
4773 
479* 
4808 
4826 
4843 

0 
1 
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3 
4 
5 
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7 
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9 
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45 

3  0 
15 
30 
45 
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45 

73046 
73065 
73083 
73101 
73120 
73138 
73*57 
73*75 
73193 
7321* 

74148 
74166 
74184 
74*0* 
74**1 
74*39 
74*57 
74*76 
74*94 
743 1* 

75*44 
75262 
75*80 
75*98 
75316 

75335 
75353 
75371 
75389 
75407 

76334 
7«35* 
76370 
76389 
76406 

764*5 
76443 
76461 

76479 
76497 

77419 
77437 
77455 
77473 
77491 
77509 
775*7 
77545 
77563 
77581 

8498 
8516 

8534 
8552 
8570 
8588 
8606 
8624 
8642 
8660 

7957* 
79590 
79608 
79626 

79644 
79661 

79679 
79697 
79715 
79733 
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0658 
0676 
0694 

0712 
0729 

0747 
0765 
0783 
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1704 
172 1 
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1757 
1774 
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1810 
1827 
1845 
1863 

2761 

*779 
2796 
2814 
2832 
2849 
2867 
2884 
2902 
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3831 
3848 
3866 
3882 
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3936 
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3971 
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4878 
4895 
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4930 
4947 
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4999 
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11 
12 
13 
14 
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19 
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15 
30 
45 
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15 
30 
45 

7  0 
15 

73230 

73*49 
73267 

73*85 
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733** 
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73359 
73377 
73396 

743  3 1 
74349 
74367 

74386 
74404 
74422 
74440 
74459 
74477 
74495 

754*6 
75444 
75462 
7548o 
75498 
755*7 
75534 
75553 
75571 
75589 

76515 

76533 
76551 
76569 
76588 
76606 
76624 
76642 
76660 
76678 

77599 
77617 

77635 
77J53 
77671 
77689 
77707 
77725 

77743 
7770I 

8678 
8696 
8713 
8731 
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8767 
8785 
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8839 

79751 
79768 
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79804 
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0907 
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*955 
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2990 
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3078 
3095 
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4cc6 
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45 
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73469 
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73543 
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73579 
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74568 
74587 
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74641 
74660 
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75626 

75644 
75662 

75680 
75699 
75717 
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75753 
75771 

76696 
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76732 

76750 
76769 
76787 
76805 
76823 
76841 
76859 

77779 
77797 
77815 
77833 
778J1 
77869 
77887 

77905 
77922 

77941 
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8875 
8893 
8911 
8928 
8946 

8964 
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0996 
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3218 
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4215 
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48 
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45 

11  0 
15 
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45 
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15 

73616 
73634 
73653 
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73**9 
73708 

737*6 
73744 
73762 

74696 
74715 
74733 
74751 
74769 
74788 
74806 

748*4 
74842 
74861 

75789 
75808 
758*6 
75844 
75862 
75880 
75898 
75917 
75935 
75953 

76877 
76895 

76913 
76931 

76949 
76967 
76986 

77004 
77022 
77040 

77959 
77977 
77995 
78013 
78031 
78049 
78067 
78085 
78103 
78121 

9036 
9054 
9072 
9089 

9107 
9125 

9143 
9161 

9179 
9197 

80107 
80125 

80143 
80160 
80178 
80196 
80214 
80232 
80249 
80267 

"73 
1191 
1208 
1226 

i*44 
1261 

i*79 
i*97 
1315 
1332 

1233 
2251 
2268 
2286 
2304 
2321 
*339 
*357 
*374 
2392 

3288 
3306 
33*3 
3341 
3358 
3376 

3393 
3411 

34*8 
3446 

4338 
4355 
437* 
4390 
4407 
44*5 
444* 
4460 

4477 
4495 

5382 

5399 
5416 

5434 
5451 
5468 
5486 

5503 
5520 

5538 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

7378i 

73799 
73818 
73836 
73854 
73873 
73891 
739°9 
739*8 
73946 

74879 
74897 
749»5 
74934 
7495* 
7497o 
74988 
75007 
75015 
75043 

75971 
75989 
76007 
76026 

76044 
76062 
76080 
76098 
76116 
76134 

77058 
77076 
77094 
77ii* 
77130 
77148 
77166 

77184 
77202 
77220 

78139 
78157 
78175 
78193 
782 1 1 
78229 

78247 
78265 
78283 
78301 

9215 
9*33 
9*5i 
9268 
9286 
9304 
93** 
9340 

9358 
9376 

80285 
80303 
80321 
80338 
80356 

80374 
80392 
80410 
80427 
80445 

1350 
1368 
1385 
1403 
142 1 
1438 
1456 

H74 
1491 
1509 

2409 
24*7 
*445 
1462 
2480 
2497 
2515 

*533 
2550 
2568 

3463 
3481 

3498 
35*6 
3533 
3551 
3568 
3586 
3604 
3621 

451* 
45*9 

4564 
4582 

4599 
4617 
4634 
4651 
4669 

5555 
557* 
5590 
5607 
56*4 
5642 

5659 

5677 
5694 
57" 

50 
51 
53 
53 

54 
55 
58 
57 
58 
58 
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TABLE  09 


LOO.  SINE  SQUARE 

1W- 

123° 

124° 

125 

• 

45' 

* 

w 

w 

45' 

C 

15' 

sir 

45' 

0* 

8*11- 

8*12- 

8*13- 

8*14- 

8*15- 

8*16- 

8*17- 

8*18- 

8*19- 

8*20- 

/  ft 

0  (1 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9-8 

85729 

85746 

85763 

85781 

85798 
85815 
85832 
85850 
85867 
85884 

98 

86765 

86783 

86800 

86817 

86834 

86852 

86869 

86886 

86903 

86910 

9'8 

87797 

87814 

87831 

87848 

87866 

87883 

87900 

87917 

87934 
87951 

9-8 
88813 
88840 
88857 

88874 
88891 
88908 
88925 

88943 
88960 

88977 

9'8 
89844 
89861 
89878 

89895 
89912 
89929 
89946 
80963 
89980 
89997 

90 

90860 

90876 

90893 

90910 

90927 

90944 
90961 

90978 

9°995 
91011 

98 

91870 

91887 

91903 

91920 

9*937 

9»954 

919  1 

91987 

92004 

92021 

90 

91875 

92891 

929O8 

92925 

92941 

92958 

9*975 
92992 
93008 
93025 

V'8 

93874 

93891 

93908 

939*4 

93941 

93957 

93974 

9399* 

94007 

94024 

9'8 

94869 

94885 

94902 

94918 

94935 

94951 

94968 

94984 
95001 
95017 

9-8 

95858 

95874 

95891 

95907 

959*4 

95940 

95956 

95973 

0 
1 

s 

3 

4 
5 
6 
7 

8 

9 

30 
45 

3  • 

15 

30 
45 

4  9 
15 
30 

4t 

85902 
85919 
85936 

85954 
8597* 

86006 
86023 
8604O 
860J7 

86938 
86955 
86972 
86989 

87007 
87024 
87041 
87058 
87075 
87093 

87968 
87986 
88003 
88020 
88037 
88054 
88071 
88088 
88105 
88123 

88994 
8901 1 
89028 

89045 
89062 

89079 
89096 

89113 
89130 
89147 

90014 
90031 
90048 
90065 
90081 
90098 
90115 
90131 
90149 
90166 

91028 
91045 
91061 
91079 
91096 
91113 
91 129 
91146 
91163 
91180 

92038 
92054 
92071 
92088 
92105 
92122 
92138 

9**55 
92171 
92189 

9304a 
93058 

93075 
93092 
93108 
93"5 
93 '4* 
93'59 
93175 
93192 

94040 
94057 
94074 
94090 
94107 
94123 
94140 
94157 
94173 
94190 

95034 
95050 
95o67 
95C83 
95ICO 
95116 
95133 

95H9 
95166 

95182 

96012 
96039 
96055 
96071 
96088 
96104 
96 12 1 
96137 
96154 
90170 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

5  0 
15 
W 
K> 

0  0 
15 
30 
4/* 

7  o 
15 

86075 
86092 
86109 
86127 
86144 
86l6l 
86178 
86196 
86213 
8623O 

87110 

87127 

87144 
87162 

8717? 
87196 
87213 
87230 
87248 
87265 

88140 
88157 
88174 
88191 
88208 
88225 
88242 
88259 
88277 
88204 

89164 

89181 

89198 

89215 

89232 

89149 

89266- 

89183 

89300 

893'7 

90183 
90200 
90117 
90234 
90251 
90268 
90285 
90302 
90319 
90336 

91197 
91214 
91231 

9'*47 
91264 
91281 
91298 
9*315 
9133* 
?»349 

92205 
92222 
92239 
92256 
92272 
91189 
92306 

9*3*3 
92339 
92356 

93209 
93**5 
93*4* 
93*59 
93*75 
93292 

93309 
933*5 
9334* 
93359 

94206 
94223 
94240 
94256 
94*73 
94*89 
94306 
94322 
94339 
94356 

95199 
95*«5 
95*3* 
95*48 
95265 

95*8i 
95*98 
953«4 
9533* 

95347 

96186 
96203 
96219 
96236 
96252 
9626* 
96285 
96301 
96318 
96334 

20 
21 
22 
28 
24 
26 
26 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

86248 
86265 
86282 
86299 
86317 

86334 
86351 
86369 
86386 
8640^ 

87282 
87299 
87316 
87333 
87351 
87368 

87385 
87402 
87419 
87437 

88311 
88328 

88345 
88362 

88379 
88396 

88413 
88430 

88*;: 
88465 

89334 
89351 
8936S 
89385 
89402 
89419 
89436 

89453 
8947c 
8948T 

9035* 
90360 
90386 
90403 
90410 
9°437 

90454 
90471 
00488 
90505 

91365 
91382 

9'399 
91416 

91433 
91450 
91466 

9»483 
91500 

01JI7 

9*373 
92390 
92406 

9*4*3 
92440 

9*457 
9*473 
92490 
92507 
02524 

93375 
9339* 
93409 

934*5 
9344* 
93459 
93475 
93492 
935o8 
935*5 

94372 
94389 
94405 
944** 
94439 
94455 
9447* 
94488 

94505 
94521 

95364 
95380 

95397 
954"3 
95430 
95446 
95463 
9547? 
95496 
9551* 

96350 
96367 

96383 
06400 
96416 
96432 

96449 
96465 
96482 
96498 

30 
31 
32 
33 

34 
35 
36 
37 
38 
39 

86420 
86438 
86455 
86472 
86489 
86507 
86524 
86541 
86558 
86576 

87454 
87471 
87488 

87505 
87522 
87540 
87557 
87574 
87591 
87608 

88482 
88499 
88516 
88533 
88550 
88567 
88584 
88601 
88618 
88635 

89504 
*"" 

895)8 
89555 
8957a 

89606 
896a} 
8964c 
89657 
8-,-  A 
8969  1 
89708 
89725 
89741 
89759 
89776 

89793 
89KJO 
89*17 

90522 
—  --9 

90  555 
90572 
90*89 
9c  606 
90623 
9^640 
90657 
9^74 
90691 
90708 
907*4 
90741 
90758 
90775 
90791 
9 
9C816 

9**43 

9»534 
9»55« 

91567 
91584 
91601 
91618 
91635 
91651 
91668 
91685 

9*540 
9*557 
9*574 
92591 
92607 
92624 
92641 
92657 
92674 
92691 

9354* 
93558 
93575 
9359* 
93608 
93625 
93642 
93658 

93675 
93691 

94538 
94554 
94571 
94587 
94604 
94621 
94637 
94654 
94670 

94687 

955*9 
95545 
95562 

95578 

95595 
95611 
95628 

95644 
95660 
95677 

96514 
96531 

96547 
96563 
96580 
96596 
96613 
96629 

96645 
96662 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

U  0 
15 
30 
45 

86593 
86610 
86627 
86645 
86662 
86679 
86696 
86714 
86731 
86748 

87625 
87643 
87660 

87677 
87694 

87711 
87728 
87746 
87763 
87780 

88652 
88670 
88687 
88704 
88721 
88738 
88755 
8877a 
88789 
88806 

91701 
91719 
9*735 
9«75* 
91769 
91786 
91803 
91819 
91836 
91853 

92  70S 
92724 
92741 
9*758 

9*775 
92791 
92808 

9*8*5 
92841 
92858 

93708 
937*5 
93741 
93758 
93775 
93791 
93808 
93825 
93841 
93858 

94703 
947*o 
04736 
94753 
94770 
94786 
94803 

94819 
94836 
94852 

95693 

957io 
95726 

95743 
9575? 
95776 

9579* 
95808 

958*5 
95841 

96678 
96694 
96711 

96727 

#C 

96776 
96793 
96809 
96825 

59 
51 
52 
53 
54 
55 
56 
57 
58 
50 

D.  17.  1 

>ec.  1* 
'urU  1 

*  j 

4'  5' 
5  6 

r  v  • 
7  «  5 

!  9*    10*  11'  12*  13*  14'  15' 

!   10   11   12   14  15   l6  17 

TABLE  69 


873 


LOG.  SINK  SQUARE 

135° 

126° 

127° 

f. 

1 
2 
3 
4 
6 
6 
7 
8 
9 

15' 

W 

46' 

<r 

16'  |  30- 

46'_ 
f>»27- 

8b28» 

15'  |  30' 

4  b' 

6*21- 

8*22" 

8h23- 

8*24" 

8s*  26- 

8*30" 

8*  22-!  8"  80- 

8*31- 

1      It 
t  0 

3o 

46 

1  0 
Id 
30 
45 

2  0 
15 

9'8 

96842 

96858 

96874 

96891 

96907 

96923 

96940 

96956 

96972 

96989 

98 

97820 

97836 

97*53 
97869 
97885 
97902 
97918 
97934 
/950 
97967 

98 

9*794 
98810 
98826 
98842 
98858 

98874 
98891 
98907 
9*9*3 
9*939 

9' 

899762 

8997,8 

899794 
899810 
899826 
899842 
899858 
899874 
899890 
899906 

9'9 

00725 
00741 
00757 
00773 
00789 
00805 
00821 
00837 
00853 
00860 

9*9 
01682 
01698 
01714 

01730 
01746 
01762 
01778 
01794 
01810 
01826 

O2635 
O265I 
O2667 
O2682 
O2698 
O2714 
O273O 
O2746 
O2762 
O2777 

9*9 

03582 
03598 
03614 
03630 
03645 
03661 
03677 
03693 
03708 
037*4 

9*9 

045*5 

04540 

04556 

04572 

o45*7 
04603 
04618 
04634 
04650 
04665 

99 
05462 

05477 
05493 
05508 

055*4 
05539 
05555 
05571 

055*6 
05602 

99 

06394 

06409 

06425 

06440 

06456 

06471 

06486 

06502 

06517 

06533 

30 
45 

3  0 
Id 
30 
45 

4  0 
16 
30 
46 

97005 
97021 
97038 

97054 
97070 
97087 
97103 
97119 
97136 
97152 

979*3 
97999 
98015 
98032 
98048 
98064 
98080 
98097 
98113 
98129 

9*955 
98971 
98988 

99004 
99020 
99036 
99052 
99068 
99085 
99101 

8999*3 
899939 
899955 
899971 
8999*7 
900003 
900019 
900035 
900051 
900067 

00885 
00901 
00917 
00933 
00949 
00965 
00981 
00997 
01012 
01028 

01842 
01857 
01873 
01889 
01905 
01921 
01937 
01953 
01969 
01985 

02793 
O2809 
O2825 
O284I 
O2856 
02*872 
02888 
O2904 
O292O 
02935 

03740 
03756 
03771 
03787 
03803 
03818 

o3*34 
03850 
03866 
03881 

04681 
04697 
04712 
04728 
04744 
04759 
04775 
04791 
04^06 
04822 

05617 
05633 
05648 
05664 
05679 
05695 
05711 
05726 
05742 
0-757 

06548 
06564 

06579 
06595 
06610 
06626 
06641 
06657 
06672 
066S8 

r  to 

11 
12 

13 
11 
16 
10 
17 
18 
10 

6  0 
16 
30 
45 

G  0 
15 
30 
46 

7  o 

16 

97168 
97185 
97201 
97217 

97*34 
97250 
97266 
97283 

97*99 
07JI} 

98145 
98112 
98178 
98194 
98210 
98226 
98243 
98259 
98275 
98291 

99117 

99>33 
99149 
99165 
99181 
99198 
99214 
99230 
99*46 
99262 

90CO83 
900099 
900115 
900131 
900148 
900164 
9001 80 
900196 
900212 
900228 

01044 
01060 
01076 
01092 
01108 
01124 
01140 
01156 
01172 
01188 

02001 
02016 
02032 
02048 
02064 
02080 
02096 
02112 
02128 
02144 

O295I 
O2967 
O2983 
O2999 
O3OI5 
O303O 
O3O46 
O3062 
O3078 
O3094 

03*97 
03913 
03928 

03944 
03960 

03976 
03991 
04007 
04023 
04038 

04837 

04*53 
04869 
04884 
04900 
04916 
04931 
04947 
04962 
04978 

05773 
05788 
05804 
05819 

05*35 
05851 
05866 
05882 
05897 
*50,3 

06703 
06719 
06734 
06749 
06765 
06780 
06796 
06811 
06827 
06842 

20 
21 
22 
23 
24 
26 
26 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

9733* 
97348 
97364 
97380 
97397 
97413 
97429 

97446 
97462 

JJ7478 

98307 
98324 
98340 
98356 
98372 
98389 
98405 
98411 
9*437 
9*4S3 

99*7* 
99*94 
993'1 
993*7 
99343 
99359 
99375 
9939 1 
99407 
994*4 

900244 
900260 
900276 
900292 
900308 
900324 
900340 
900356 
900372 
900388 

01204 
01220 
01136 
01252 
01268 
01284 
01300 
01316 
01332 
01348 

02159 

0^175 
02 19 1 
02207 
02223 
02239 
02255 
02270 
02286 
02302 

03IO9 
O3125 
O314I 
03157 
O3172 
O3188 
O3204 
03220 
O3236 
O325I 

04054 
04070 
04086 
04101 

04117 
04133 
04148 
04164 
04180 
04195 

04994 
05009 
05025 
05041 
05056 
05072 
05087 
05103 
05119 
05134 

05928 
05944 
05959 
05975 
05990 
06006 
06021 
06037 
06052 
06068 

06858 
06873 
06889 
06904 
06919 
06935 
06950 
06966 
06981 
06997 

30 
31 
32 
33 
34 
36 
88 
37 
38 
89 

10  0 
15 
30 
46 

11  0 
16 
30 
46 

12  0 
15 

97495 
975" 
975*7 
97543 
97560 
97576 

9759* 
97609 
97625 
9764' 

9*47o 
98486 
98502 
98518 

9*535 
98551 
98567 
9*5*3 
9*599 
98616 

99440 
99456 
99472 
99488 

99504 
99520 

99536 
9955* 
99569 
995*5 

900404 
900420 
900436 
900452 
900468 
900484 
900 5 cc 
900516 
900532 
900548 

01364 
01380 
01396 
01412 
01427 
01443 
01459 
01475 
0149 1 
01507 

02318 
02334 
02350 
02366 
02381 
02397 
02413 
02429 
02445 
02461 

O3267 
O3283 
O3299 

033»4 
0333O 
O3346 
O3362 
03377 
03393 
03409 

04211 

04227 
04242 
04258 

04*74 
04289 

04305 
04321 

04337 
04352 

05150 
05165 
05181 
05197 
05212 
05228 
05*43 
o5*59 
o5*75 
05290 

06083 
06099 
06115 
06130 
06146 
06161 
06177 
06192 
0620S 
06223 

07012 

07027 
07043 
07058 

07074 
07089 
07105 
07120 
07135 
07151 

40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

30 
46 

IS  0 
16 
30 
45 

14  0 
li 

m 

46 

97658 

97674 
97690 
977o6 
977*3 
97739 
97755 
97771 

97804 

98632 
98648 
98664 
98680 

9*697 
98713 
98729 
9*745 
98761 
nt777 

99601 
99617 
99633 

99649 
99665 
99681 
99697 

99713 
99730 

99746 

900565 
900581 

900597 
900613 
900629 
900645 
900661 
900677 
900693 
900709 

01523 
01539 

OI555 
01571 

015*7 
01603 
01619 
01635 
01651 
01666 

02477 
02492 
02508 
02524 
02540 
02556 
02572 
02587 
02603 
02619 

034*5 
03441 

03456 
O3472 
03488 
03504 

035!9 
03535 
o355» 
03567 

04368 
043*4 
04399 
04415 
04431 
04446 
04462 
04478 

04493 
04509 

05306 
053*1 
05337 
05353 
0536S 

o53*4 
05399 
05415 
05430 
05446 

06239 
06254 
06270 
06285 
06301 
06316 
06332 
06347 
06363 
06378 

07166 
07182 

07*97 
07213 
07228 
07*43 
07*59 
07174 
I07290 

1 073c5 

60 
61 
62 
53 
64 
55 
66 
67 
58 
69 
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TABLE  69 


LOO.  SINE  SQUARE 

128° 

\w° 

180° 

4. 

<r 

16 

W 
8*  34" 

45' 
8*35» 

v 

15' 

30 

45' 

(K 

15' 

30' 

8h32- 

*3S» 

B^se- 

8*  37" 

&W 

8*  39" 

8h40"» 

8*41" 

8*42- 

/  t* 

0  0 
15 
90 
45 

1  0 
15 
30 
45 

2  0 
15 

99 

07310 
67336 

07351 
07367 
07382 
07397 
07413 
074*8 

07444 
07459 

9.9 

08141 

C8157 

08173 

081S8 

08303 

08319 

o8334 

o8349 

08365 

08380 

9*9 
09159 

©9'74 
09189 
09204 
09220 
C9235 
09250 
09165 
09280 
09296 

99 

10070 

10085 

10100 

10116 

10131 

10 146 

10161 

10176 

10191 

10106 

10976 
10991 
11007 
11021 
1 1037 
11051 
11067 
11081 
11097 
11112 

99 
11878 

11893 
11908 
11923 
1 1938 

"953 
11968 
11983 
1199S 
12012 

99 

1*774 

12789 

12804 

12819 

12834 

12848 

12863 

11878 

11893 

119c  8 

9'9 

13665 

13680 

13695 

i37io 

137*4 

13739 

13754 

13769 

13784 

13799 

9*9 

H551 

14566 

'4581 
14596 
14610 
14625 
14640 
14654 
14669 
14684 

99 
15433 
15447 
15462 

15476 
15491 

15506 
15520 

15535 
15550 
15564 

99 

16309 

16323 

16338 
16352 
16367 
16381 
16396 
1641 1 
16425 
16440 

• 
I 
2 

3 
4 
5 

• 

7 
8 

• 

30 
45 

A  0 
15 
30 
45 

4  0 
15 
30 
45 

07474 
07490 
07505 
07520 
07536 
07551 
07567 
07581 

o7597 
07613 

08395 
08410 
08426 
08441 
08456 
08472 
08487 
08502 
08518 
08533 

09311 
09326 
09341 

09357 
09372 
09387 
09402 
09417 

09433 
C9449 

10222 
IO237 
IO252 
IO267 
tOl82 
IO297 
IO3I2 
IO327 
IO343 
IO358 

11 127 
11 142 
11157 
n  172 
11187 
11202 
11217 
11232 
11247 
11262 

I2C27 
12042 
IIO57 
IIO7I 
IIC87 
12I02 
12117 
12132 
12147 
12l62 

12913 
i*938 
1*953 
11968 
11981 
11997 
13011 
13027 
13042 
13057 

13813 
13828 

13843 
13858 

13873 
13887 
13902 
13917 
1393* 
13946 

14699 

H713 
147*8 
H743 
14757 
14772 

14787 
14801 
14816 
14831 

15579 
15594 
15608 
15623 

15637 
15652 
15667 
15681 
15696 
15710 

16454 
16469 

16483 
1649S 
16511 

16517 

16541 
16556 
16570 
16585 

10 

11 

12 
13 
14 
15 
16 
17 
18 
18 
20 
21 
22 
23 
24 
25 
2tf 
27 
28 
29 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  o 
15 

:to 

45 
H  0 
15 
30 
45 
•  0 
15 
30 
45 

07628 
07644 
07659 
07674 
07690 
07705 
07720 

0773* 
07751 
07766 

08548 
08563 
08579 
08594 
08609 
08625 
08640 
08655 
08670 
08686 

09463 
09478 

09493 
09509 
09524 
09539 
09554 
09569 
09585 
09600 

IO373 
IO388 
IO403 

104 1 8 
10433 
10448 
10464 

10479 
10494 
10509 

»i*77 
11293 

■no8 
11323 

11338 
11353 
11368 
11383 
11398 
11413 

12177 
I2I92 
12207 
12221 
11237 
I2252 
12267 
12l8l 

11*97 
12312 

13072 
13087 
13101 
13116 

i3i3« 
13146 
13*61 
13176 

13191 
13205 

13961 
13976 

13991 
14006 
14020 
14035 

H049 
14065 
14079 
14094 

14846 
i486; 

H875 
14890 
14904 
14919 
14934 
14948 
14963 
14978 

M7*5 
15740 

15754 
15769 

15783 
15798 

15813 
158*7 
15842 

15857 

16600 
16614 
16629 

16643 
16658 
16672 
16687 
16701 
16716 
16730 

07782 
07797 
07813 
07828 
07843 
07859 

07874 
07889 
07906 
07920 

08701 
08716 
08731 

08747 
08762 

c8777 
08793 
08808 
08823 
08838 

09615 
09630 
09645 
09661 
09676 
09691 
09706 
09721 
09736 
0975a 

10*14 
10539 

10554 
10569 
10584 

10599 
10615 
10630 
10645 
10660 

1,421 

i»443 
11458 

»i473 
11488 
11503 
1151S 

"533 
11548 

11563 

11326 
12341 

12356 

i*37i 
12386 
12401 
12416 
12431 
11446 
1246 1 

13*10 

13*35 
13*50 
13265 
13280 

13*94 
13309 

133*4 
13339 
13354 

141C9 

141*4 
14139 

14153 
14168 

14183 
14198 
14212 
14127 
14*4* 

14993 
15007 
15021 
15037 
15051 
15066 
15081 
15095 
15110 
1J125 

»587i 

15886 

159CO 

15915 
15930 

«5944 
15959 
15973 
15988 
16003 

16745 

16759 
16774 
16788 
16803 
16817 
16832 
16846 
16861 
16875 

30 

31 
32 
33 
34 
35 
38 
87 
38 
3!l 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

07935 
07951 
07966 
07981 

07997 
c8oii 
0S027 
08043 

08058 

C8073 

08854 
08869 
08884 
08899 
08915 
08930 
08945 
08960 
08976 
08991 

09767 
09782 

09797 
09812 
C9828 
09843 
09858 
09873 
09888 
09903 

10675 
10690 
10705 
10720 

10735 
10750 
10765 
10781 
10796 
10811 

11578 

«M93 
11608 
11623 
1 1638 
11653 
1 1668 
1 1683 
1 1698 

11713 

12476 
12491 
12506 
12521 

"535 
12550 
12565 
12580 

i*595 
12610 

13369 

13383 
13398 

i34'3 
13428 

13443 
13458 
1347* 
13487 
13502 

14257 

14*71 
14286 
14301 
14316 
14330 

"4345 
14360 

14374 
H389 

15139 
»5i54 
15169 
15183 

15198 
15*13 
15227 
15142 

15*57 
15171 

16017 
16032 
16046 
i6c6i 
16075 
16090 
16105 
16119 
16134 
16148 

16890 
16004 
16919 

16933 
16948 
16962 

16991 
17006 
17020 

40 
41 
4-2 
43 
44 
45 
46 
47 
48 
49 

30 
45 

13  0 
1ft 

ao 

45 

14  0 
15 
SO 
45 

08089 
08104 
08119 

08135 

08150 
08165 
08181 
08196 
082 II 
08227 

09006 
09011 
09037 
09051 
09067 
09082 
09098 
09113 
09128 
09143 

09919 

09934 
09949 

09964 
09979 
09994 
10009 
10025 
10040 
10055 

10826 
10841 
10856 
1087 1 
10886 
10901 
10916 
10931 
10946 
1096 1 

1 1728 

H743 
11758 

11773 
1 1788 
11803 
11818 

11833 
11848 
1 1863 

12625 
12640 
12655 
12670 
12685 
12700 
12714 
12729 
1*744 
12759 

13517 
1353* 
13547 
1356. 
1357* 

13606 
1 3621 
13636 
13650 

14404 
14419 
14433 
U448 
14463 
14478 
14492 

14507 
14522 

H537 

IC286 
15301 
15315 
15330 
15345 
15359 
15374 
15389 
15403 
15418 

16163 
16178 
16192 
16207 
16*11 
16136 
16250 
16165 
16179 
16294 

17035 
17049 
17064 
17078 
17093 
17107 
171a* 
17136 
17151 
17165 

10 
51 
59 
88 
54 
55 
58 
»7 
58  I 
J8| 
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LOG.  81NE  SQUARE 

130° 

181° 

132° 

133° 

r 

46' 

0* 

16' 

30' 

4y 

V 

16' 

30' 

46' 

V 

w 

a. 

0 

1 
2 
8 
4 
5 
0 
7 
8 
0 

*43- 

*44"|#»43»J8M8" 

8*47" 

friV* 

8*40- 

8h60"» 

*M» 

8*62* 

8*63* 

0  o" 

16 
30 
46 

1  0 
16 
30 
46 

1  0 
16 

9*9 
17180 

17*94 

17109 

,7213 

17238 

17252 

17167 

17181 

17196 

17310 

99  „ 
18046 
18060 
18075 
18089 
18103 
18118 
1813ft 
18147 
18161 

18175 

919 
I8907 

189*1 

18936 

18950 

18964 

18978 

18993 

19007 

19021 

19036 

9.9 
19763 

19777 

19791 
19806 
19820 
19834 
19848 
19863 

19877 
19891 

9.9 

10614 
10618 
10641 
10657 
10671 
10685 
10699 
20713 
20727 
20741 

9.9 

11460 

11474 

21488 

21502 

2,5,6 

21531 

i'545 

H559 

H573 

11587 

99 

11301 

11316 

11330 

11343 

11357 

11371 

11385 

11399 

22413 

22427 

9*9 
*3»38 

13151 
13166 
13179 
13193 
13*07 
13211 
13*35 
13H9 
23263 

9'9* 
•3969 

13983 

13997 
24011 
24024 
24038 
24052 
24066 
24079 
24093 

9.9 

14794 
24809 
14823 

14837 
24850 
24864 
24878 
24892 
24905 
249,9 

9.9 

15617 

15631 

15644 
15658 
15671 
15685 
25699 
15713 
15726 
15740 

30 
46 

3  0 
Id 
30 
46 

4  0 
16 
30 
4A 

6  0 
16 
30 
46 

$    9 
16 
30 
46 

7  o 

16 

17324 
17339 
17353 
1:368 
1738* 
17397 
17411 
17416 

1744^ 
17454 

18190 
18204 
18218 
18133 
18247 
18262 
18276 
18290 
18305 
18319 

19050 
19064 
19079 
19093 
19107 
19121 
19136 
19150 
19164 
19179 

19905 
19919 

'9934 
19948 
19962 
19976 
19990 
10005 
10019 
10033 

ic755 
10770 
10784 
10798 
10811 
10816 
10840 
10854 
20868 
20883 

21601 
21615 
21629 
21643 

11657 
21671 

21685 
11699 
11713 

11717 

12441 

ii455 
22469 
22483 
22497 
22511 
22525 
"539 
ii553 
22567 

13277 
23291 
23304 
133,8 
23332 
13346 
23360 

23374 
13388 
23402 

24107 
14111 

Hi  34 
24148 
24162 
24176 
14190 
24203 
24217 
24231 

14933 
14947 
24960 

24974 
24988 
25001 
25015 
25029 
25043 
25056 

15753 
25767 
25781 

15794 
25808 
25822 

15835 
25849 
25863 
25876 

25890 

15903 
259,7 

i593» 
15944 
25958 
25972 
15985 
15999 
26012 

10 
11 
12 
13 
14 
16 
16 

17 
1H 
10 
~20 
21 
22 
28 
24 
26 
26 
27 
28 
20 
30 
31 
32 
33 
34 
35 
M\ 
37 
38 
30 

17469 
17483 
17498 
17511 
17517 
1754' 
17556 

17570 
17585 
17599 

»»333 
18348 
18362 
18376 
18391 
18405 
18419 
18434 
18448 
18463 

19193 
19207 
19111 
19136 
19250 
19264 
19278 
19193 
19307 
19311 

10047 
10061 
10076 
10090 
10104 
10118 
10131 
10147 
10161 
20175 

10897 
20911 
20915 

10939 
10953 
10967 
10981 
10995 
11010 
11024 

11741 

H755 
11769 
11783 
11797 
11811 
11815 
11839 
11853 
1186k 

12581 

«59> 
21609 
22623 
22637 
22651 
22664 
11678 
12692 
»*7o6 

*34'5 

23419 

13443 
13457 
1347' 
13485 
13499 
13512 
23526 
23540 

14245 
24258 
24172 
24286 
24299 

i43'3 

24317 

i434» 
24354 
24368 

25070 
25084 
25097 
25111 
25125 
25138 
75152 
25166 
25180 
25193 

30 

45 
8  0 
15 
30 
46 
•  0 
15 
30 
46 

17613 
17618 
17642 

17657 
17671 
17686 
17700 
17714 
17729 
17743 

18477 
18491 
18506 
18520 
18534 
18549 
18563 
18577 
18592 
18606 

19336 
19350 

19364 
19378 
19393 
19407 
19411 

19435 
19450 
19464 

20189 
20203 
20118 
10232 
20146 
10160 
10174 
10188 
10303 
20317 

11038 
11051 
11066 
11080 
11094 
11108 
11111 
11136 
11151 
21165 

11881 
11896 
11910 
11924 
11938 
11951 
21966 
21980 

11994 
22008 

11710 
H734 
11748 
11762 
11776 
11790 
11804 
11818 
11831 
11846 

13554 
13508 

13581 
13596 
13609 
23623 
23637 
23651 
13665 
13679 

24382 
24396 
24410 
14414 
1443* 
H45: 
24466 

1447V 
14493 
1450: 

25207 
2522, 

15134 
25248 
25261 

15175 
15189 
25303 
25316 
25330 

26026 
26040 

16C53 
26067 
16080 
16094 
16108 
16,11 
26,35 
26148 

10  0 
16 

30 
46 

11  0 
16 
30 
45 

12  0 
15 

17758 
17772 

17787 
17801 
17815 
17830 

17844 
17859 

17873 
17887 

18620 

18635 
18649 
18663 
18678 
18692 
18706 
18721 
18735 
18749 

19478 
19492 
19507 
19521 
19535 
'9549 
19564 
19578 
19592 
19606 

10331 

103*5 
20359 

10373 
20388 
20402 
20416 
20430 
20444 
20458 

21179 
11193 
11107 
21211 
11135 
11149 
11163 
11178 
11191 
11306 

22022 
22036 
22050 
22064 
22078 
22092 
11106 
11120 
12134 
21148 

11860 

11874 
11887 
1190 1 
12915 
11919 
11943 
11957 
12971 
21985 

23693 

23707 
23721 
13735 
13749 
23761 

13776 
13790 
15804 
13818 

14511 
145  34 
1454» 
14562 
24576 
24589 
24603 
24617 
14631 
14644 

15344 
15357 
15371 
15385 
15398 
15411 
25426 

15439 
15453 
15467 

26,62 
26176 
26189 
26203 
26216 
26130 
26244 
16257 
26271 
26284 

40 
4.1 
42 
43 
44 
45 
48 
47 
48 
40 

39 
45 

13  0 
15 
30 
46 

14  0 
16 
30 
46 

17901 
17916 
17931 
17945 
17959 
17974 
17988 
18003 
18017 
18031 

18764 
18778 
18791 
18807 
18821 

18835 
18850 
18864 
18878 
18893 

1962 1 

19635 
19649 
19663 
19678 
19692 
19706 
19720 
19735 
19749 

1C473 
20487 
20501 

10515 
10519 
10543 
10558 
10571 
10586 
10600 

11320 

H334 
11348 
11361 
11376 

11390 
11404 
11418 
11432 
11446 

21161 
11176 
11190 
111C4 
22218 
22232 
22246 
22260 

21174 
11188 

11999 
13013 

13027 
13040 

*3054 
23068 
23081 
13096 
13110 
13124 

13833 
13845 
13859 
23873 
13886 
13900 
23914 
23928 
23942 
*3955 

14658 
14672 
24686 
24699 
14713 
14717 
*47#o 
H754 
14768 
14782 

15480 

15494 
15508 
1551I 
15535 
15549 
15562 
25576 
15590 
15603 

26298 
26311 
26325 

16339 
26352 
26366 

16379 
16393 
26407 
26420 

60 
51 
52 
63 
64 
65 
56 
57 
58 
69 
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TABLE  69 

LOO.  SINE  SQUARE 

ia3° 

184° 

135° 

136° 
0' 

«. 

30' 

46' 

0* 

15' 

30* 

45' 

0' 

\5f 

30' 

46' 

8k54"J8h65" 

8h60* 

8h67" 

8*68" 

8h59" 

9*0«» 

9hl- 

Oh?* 

9*3- 

9>4» 

0  0 
16 
30 
46 

1  • 
16 
30 
46 

t  0 
16 

26434 
16447 
26461 

16474 
26488 
26501 
26515 
26519 
26541 
26556 

r9 

•7*45 
17159 
17172 
27286 
27*99 

27313 
27326 

•734° 
17353 
27367 

9*9 

1X051 

18066 

18079 

28092 

28106 

18119 

i8i}t 

28146 

28159 

18I7J, 

99 
18854 
28867 
1 28881 
28894 
28907 
28921 
18934 
28947 
28961 
18974 

196JI 
19664 
19678 
19691 
19704 
19717 
19731 
19744 
19757 
19770 

99 

30443 
30457 
30470 

30483 
30496 

30509 
30511 

30535 
30549 
30562 

9*9 
31131 

3"44 
31157 
3H70 
31183 
31196 
31309 
313" 
3»J35 
J1348 

9*9 

32013 

32026 

31039 
32051 
32065 
32078 
32091 

31104 
32117 
32130 

9*9 

31791 

32804 

32817 
32830 
32842 

31855 
32868 
32881 
31894 
?ioo7 

9*9 

33564 

33576 

33589 
33602 
33615 
33628 
33641 
33653 
33666 
33679 

9*9 
3433* 
34345 
34357 
3437o 
34383 
34396 
344o8 
344*1 
34434 
J4447 

0 
1 

2 
3 
4 
6 
6 
7 
8 
» 

30 
46 

3  0 
16 
30 
46 

4  0 
16 
30 
46 

26569 
26583 
26596 
26010 
26623 
26637 
26651 
26664 
26678 
26691 

17380 
17394 
27407 
27411 

17434 
17448 
17461 

17474 
17488 
17501 

28186 
28199 
28213 
28226 
18140 

28166 
18180 
18193 
18307 

28987 
29000 
29014 
29017 
19040 
19054 
29067 
29080 

*9094 
29107 

19783 

19797 
19810 

19813 
19836 
19850 
19863 
19876 
19889 
29901 

30575 
30588 
30601 
30614 
30617 
30641 

3c6j4 
30667 
30680 
30693 

31361 

31374 
31388 
31401 
3HH 
31417 
31440 
3'453 
31466 

J 1479 

3H43 
31156 
32169 
32182 

31195 
32108 
32221 

3H34 
31247 
32260 

31910 

31933 
31946 

31959 
3i97i 
31984 
31997 
33010 

33013 
33036 

33691 
33705 
337i8 
33730 
33743 
33756 
33769 
33782 

33795 
33807 

34459 
34471 
34485 
34498 
345io 
34513 
34536 
34549 
3456i 
34574 

10 
11 
12 
13 
14 
16 
16 
17 
18 
l» 

6  0 
\o 
30 
46 

0  0 
16 
30 
46 

7  o 
16 

26705 
26718 
26732 

16745 
26759 
26772 
26786 
26800 
26813 
26827 

175»5 
17518 

1754* 
17555 
17569 

17581 
17J96 
17609 
17611 
17636 

28320 
18333 
18347 
28360 

18374 
28387 
28400 
28414 
28427 
28440 

29120 
19>34 
19'47 
29160 

19173 
29187 
29200 
29113 
29227 
29240 

19916 
19919 
19941 

•9955 
19969 
19981 

19995 
30008 
30011 
30035 

30706 
30719 

30733 
30746 

30759 
30771 
30785 
30798 
30811 
30815 

31491 
3'505 
31518 
3i53i 
31544 
31557 
3M7o 

31583 
31596 
31609 

32273 
32286 
32199 
31312 
31315 
31338 
313J1 
31364 
31377 
32390 

33049 
33061 

33075 
33088 
33100 

33113 
33ii6 
33139 
33151 
33165 

33810 

33833 
33846 

33859 
33871 
33884 

33897 
339io 
33913 
33936 

34587 
34599 
34612 
34625 
34638 
34650 
34663 
34676 
34688 
347oi 

90 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
46 

8  0 
16 
30 
46 

•  0 
16 
30 
46 

26840 
26854 
26867 
26881 
26894 
26908 
26921 
26935 
26948 
26962 

17649 
17663 
17676 
17690 

17703 
17716 
17730 
17743 
17757 
17770 

28454 
28467 
28480 
28494 
28507 
28520 
18534 
18547 
28561 

18574 

19153 
29266 
29280 
29293 
29306 
29320 

19333 
29346 

19359 
19373 

I0048 
30061 
30074 
30087 
30101 

30114 

30117 
30140 
30153 
30167 

30838 
30851 
50864 

30877 
30890 

30903 
30916 
30919 

30943 
30956 

31611 
31636 
31649 
31661 

31675 
31688 

31701 

3»7H 
31717 
31740 

3H03 
32416 
31419 
32441 

3H54 
31467 
31480 

3H93 
31506 
31519 

33178 
33i9i 
33104 
33ii6 
33119 
33242 

33155 
33268 
33281 
33194 

33948 
33961 

33974 
33987 
34000 
34012 

34oa5 
34038 

34051 
J4063 

347H 
34717 
34739 
34*»5i 
34765 
34777 
34700 
34803 
34816 
?4*i8 

30 
31 
32 
33 
34 
36 
38 
37 
38 
38 

10  0 
16 
30 
45 

11  0 
15 
30 
45 

12  0 
16 

26975 
26989 
27002 
27016 
27029 
2704? 
27056 
27070 
27083 
17097 

17784 
17797 
17811 
17824 

17837 
27851 
27864 
27878 
27891 
27905 

28587 
28601 
28614 
28627 
28641 

18654 
28667 
28681 
28694 
28707 

29386 
19399 
19413 
19416 

19439 
19451 
19466 

19479 
19491 

19505 

30180 
30193 
30106 
30119 
30133 
30146 
30159 
30171 
30185 
30198 

30969 
30981 

30995 
31008 
31011 

31034 
31047 
31060 
31074 
3!o*7 

31753 
31766 

3»779 
3i79i 
31805 
31818 
31831 
31844 
31857 
31870 

3i53i 
31545 
31558 
31571 
31584 
31597 
31610 
31613 
31636 
32649 

33307 
33319 
33331 
33345 
33358 
33371 
33384 
33397 
33409 
33422 

34076 
34089 
34102 
34115 
34117 
34140 
34153 
34166 
34178 
34191 

3484« 
34854 
34866 

34879 
34*91 
34905 
34917 
34930 
34943 
34955 

40 
41 
42 
43 
44 
46 
46 
47 
44* 
49 

30 
46 

13  0 
16 
30 
45 

14  0 
15 
30 
45 1 

27110 
27124 
27137 
17151 
27164 
17178 
27191 
27205 
27118 
17131 

27918 
1793 « 
17945 
27958 
27972 
27985 

17999 
28012 
28015 
18039 

28721 

18734 
28747 
28761 

18774 
28787 
*88oi 
28814 
28827 
28841 

19519 
19531 

*9545 
19558 

19571 
19585 
19598 
1961 1 
19625 
29638 

30311 
30315 
30338 
30351 
30364 
30377 
30391 
30404 
30417 
30430 

31100 
31113 
3 1 116 

3»39 
3"5i 
31165 

3"78 
31191 
31104 
31118 

31883 
31896 
31909 

319" 
31935 
31948 
31961 

31974 
31987 
32000 

31661 

31674 
31687 
31700 

31713 
31716 

31739 
3i75i 
31765 
31778 

33435 
33448 
3346i 
33474 
33487 
33500 
335*1 
33515 
33538 
3355» 

34104 
34217 
34130 
34142 

34155 
34268 
34281 

34*93 
343o6 

34319 

34968 
349*1 
34993 
35006 
35019 
$5031 
35044 
35057 
35070 
35082 | 

60 
61 
62 
63 
64 
66 
66 
57 
58 
60 

1> 

s*c.  r  2'  3'  4'  5'  <r  r  *f 

13.  Parts  12334567 

if   iC 
«  9 

ii*  \r 
10  10 

11  12 

'       1 

TABLE  69 


877 


l/OO.  SINK  SQLARK 

136° 

137° 

138° 

s. 
• 

3 
3 

4 
ft 
6 
7 
8 
9 

1ft' 

30 
9*6» 

45' 

9*7- 

<r 

Ift' 

SO'  1  4ft' 

6'  1  1ft' 

30' 

!  45' 

9*lft» 

91.  ** 

1*B» 

ft" 

9h10"jOb  II"1 

ft  12"» 

9*13" 

Oh  |4m 

/  /■ 

•  0 

16 

to 

4ft 

1  0 
15 

to 

4ft 

9  0 

1ft 

99 
J5095 
35108 
35120 

35*33 
35146 

35 '5* 
35i7i 
35«*4 
35196 
35209 

99 

35853 

35866 

35879 
35891 

359<H 
359i6 
359*9 
3594* 
35954 
35967 

99 

36607 

36620 

36632 

36645 

36657 

36670 

36682 

36695 

36707 

36720 

9.9 

37356 
37368 
37381 
37393 
37405 
37418 
37430 
37443 
37455 
37468 

9'9 
38100 
38112 
38125 

J8137 
38149 
38162 

38174 
38186 

38199 
382 1 1 

9*9 

38839 

38851 

38864 

38876 

38838 

38901 

38913 
38925 

38937 
38950 

9*9 

39574 

39586 

39598 
39610 
39622 
39635 
39647 
39659 
39671 
39683 

99 

40303 

40316 

40328 

40340 

4035* 
40364 
40376 
40388 
40400 
40413 

9*9 
41029 

41041 
41053 
41065 
41077 
41089 
41101 

4i»3 
41125 

4"37 

99 

41749 

41761 

41773 

41785 

41797 

41809 

41821 

41833 

41844 

41856 

9.9 

42464 

42476 

4*488 

42500 

42512 

42524 

42536 

42548 

4*559 

4*57i 

•0 
4ft 

3  0 
1ft 
30 
4ft 

4  0 
1ft 
30 
4ft 

35222 
35*34 
35*47 
35260 
35272 
35*85 
35298 
35310 

353*3 
35336 

35979 
35992 
36004 
36017 
36030 
36042 

3^l5 
36067 

36080 

36092 

36732 
36745 
36757 
36770 
36782 

36795 
36807 
36820 
36832 
36845 

37480 
37493 
37505 
37517 
37530 
3754* 
57555 
37567 
37579 
1759* 

38223 
38236 
38248 
38261 
38273 
38285 

38297 
38310 
38322 
38334 

38962 

38974 
38986 

38999 
3901 1 
39023 

39035 
39048 
39060 
39072 

39696 
39708 
39720 
3973* 
39744 
39757 
39769 
39781 

39793 
39805 

40425 

40437 

40449 
40461 

40473 
40485 
40497 
40509 
40521 
40534 

4H49 
41161 

4"73 
41185 
4»97 
41209 
41221 
4«33 
4i*45 
41257 

41868 
41880 
41892 
41904 
41916 
419*8 
41940 
41952 
41964 
41976 

4*583 
4*595 
42607 

4*619 
42631 

4*643 
4*654 
42666 
42678 
42690 

10 
11 
12 
13 
14 
15 
Itf 
17 
18 
10 

ft  0 
1ft 
30 
4ft 

6  0 
1ft 
30 
4ft 

7  o 

1ft 

35348 
3536i 
35373 
35386 

35399 
354" 
354*4 
35437 
35449 
35462 

36105 
36118 
36130 
36143 
36i55 
36168 
36180 
36193 
36206 
36218 

36857 
36870 
36882 
36895 
36907 
36920 
36932 
36945 

36969 

37604 
37617 
37629 
37642 

37654 
37666 

37679 
37691 
37704 
37716 

38347 
38359 
38371 
38384 
38396 
38408 
38421 
38433 
38445 
38458 

39084 

39097 
39109 
39121 

39134 
39146 

39158 
39170 

39183 
39195 

398i7 
39830 
39842 

39854 
39866 

39878 
39890 
39903 
39915 
39927 

40546 
40558 
40570 
40582 

40594 
40606 
40618 
40630 
40642 
40654 

41269 
41281 
41*93 
41305 
41317 
41329 

41341 
41353 
41365 
41377 

41988 
42000 
42012 
4*024 
42036 
42048 
42059 
42071 
42083 
42095 

42702 
42714 
42726 
4*737 
4*749 
4*76i 
4*773 
4*785 
4*797 
42809 

20 
2L 
22 
23 
24 
25 
26 
27 
28 
29 

30 
4ft 

8  0 
1ft 
30 
4ft 

0  0 
16 
30 
4ft 

35475 
35487 
35500 
35513 
355*5 
35538 
35551 
35563 
35576 
35588 

36231 

36243 
36256 
36268 
36281 
36294 
36306 
36319 
3633' 
36344 

36982 

36994 
37007 
37019 
37032 
37044 
37057 
37069 
37082 
37094 

377*8 
3774" 
37753 
37766 
37778 

3779° 
37803 

37815 
37828 
37840 

38470 
3M* 
38<95 
38507 

38519 
3853* 
38544 
38556 

38569 
38581 

39207 
39219 
39232 
39244 
39256 
39268 
39280 
39*93 
39305 
39317 

39939 
39*5" 
39963 

39976 
39988 
40000 
40012 
40024 
40036 
40049 

40667 
40679 
40691 
40703 
40715 
40727 

40739 
40751 
40763 
40775 

41389 
41401 
41413 
4H*5 
4H37 
41449 
41461 
41473 
41485 
4H97 

42107 
42119 
4*131 
4*H3 
4*i55 
42167 
42179 
42191 
42203 
42214 

42820 
42832 
4*844 
4*856 
42868 
42880 
42891 
4*903 
4*915 
42927 

30 
31 
32 
33 
34 
35 
3C 
37 
38 
39 

10  0 
Ift 
30 
4ft 

11  0 
1ft 
30 
4A 

IS  0 
1ft 

35601 
35614 
35626 
35639 
3565* 
35664 

35677 
35689 
35702 
357M 

36356 
36369 
36381 
36394 
36406 
36419 
36431 
36444 
36457 
36469 

37107 
37119 
3713* 
37144 
37'57 
37169 
37181 

37194 
37206 

37*19 

37852 
17865 

37877 
37890 
37902 
379H 
379*7 
37939 
37951 
37964 

38593 
38606 
38618 
38630 
38642 

38655 
38667 

38679 
38692 
38704 

393*9 
3934* 
39354 
39366 
39378 
3939° 
39403 
39415 
39427 

39439 

40061 

40073 
40085 
40097 
40109 
40121 

40134 
40146 
40158 
40170 

40787 
40799 
40811 
40824 
40836 
40848 
40860 
40872 
40S84 
40896 

41509 
415*1 
41533 
41545 
41557 
41569 
41581 

41593 
41605 

41617 

42226 

4**38 
42250 
42262 

4**74 
42286 
42298 
42310 
42322 
4*334 

4*939 
42951 

4*963 
4*974 
42986 

4*998 
430ic 
43022 
43033 
43045 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
4ft 

13  0 
Ift 
30 
4ft 

14  0 
1ft 
30 
4ft 

35727 
35740 
35753 
35765 
35778 
35790 
35803 
35816 
35828 
35841 

36482 

36494 
36507 
36519 
36532 
36544 
36557 
36569 
36582 

36594 

37231 

37*44 
37256 
37269 
37281 

37*94 
37306 

37318 
37331 
137343 

37976 

37989 
38001 
38013 
38026 
38038 
38050 
38063 

38075 
38087 

38716 
387*9 
38741 
38753 
38765 
38778 
38790 
38802 

38815 
38827 

3945* 
39464 
39476 
39488 
39500 
39513 
395*  S 
39537 
39549 
3956i 

40182 

40194 
40206 
40219 
40231 
40243 
40255 
40267 
40279 
402*  1 

40908 
40920 
40932 
40944 
40956 
40968 
40980 
40992 
41004 
41016 

41629 
41641 

♦1653 
41665 

41677 
41689 
41701 
4i7»3 
4i7.*5 
41737 

4*345 
4*357 
42369 
42381 

4*393 
42405 

4*417 
4*4*9 
4*44i: 
4*45*1 

43057 
43069 
43081 
43093 
43104 
43116 
43128 
43140 
43!5* 
43,63 

50 
51 
52 
53 
54 
55 
50 
57 
68 
f-9 

See.   v  r  3r  4'  ft'  r  v  v  v  io*  iv  \r  \r  w 

D.  12.  Parts  12234544789101112 
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TABLE  09 


LOO.  8INE  SQUARE 

139° 

140° 

141° 

P. 

16' 

30/ 

46' 

0' 

15' 

301 

45' 

0' 

15' 

30 

9*  17" 

9*  18- 

9*19- 

9*20- 

9*21* 

9*  22-  9»«23» 

9*24- 

9"  85* 

9*88» 

e  o 

15 

so 

46 

1  0 
15 
30 
46 

2  0 
16 

9*9 

43 '75 
43»*7 
43 '99 
43*" 
43*** 
43*34 
43*46 

43*58 
43270 
43281 

99 
4388i 

43893 
43905 
439'7 
439*8 
43940 
4395* 
43963 
43975 
43987  j 

99 

44583 

44594 

44606 

4461S 

44629 

44641 

44653 
44664 
44676 
44688 

99 

45280 

45*9' 
45303 
453«4 
453*6 
45337 
45349 
4536i 
4537* 
45384 

99 

4597* 

45983 

45995 

46006 

46018 

46029 

46041 

46052 

46064 

46075 

99 

46659 

46670 

46682 

46693 

46705 

46716 

46727 

46739 
46750 
46762 

9*9 

4734* 
47353 
47364 
47376 
47387 
47398 
47410 

474*' 

4743* 
47444 

99 

48020 

48031 

48042 

48054 

48065 

48076 

48087 

48099 

48 1 10 

48121 

99 
48693 

48704 
48716 

487*7 
48738 
48749 
48760 

4877' 
48782 

48794 

9'9 
49362 

49373 
49384 
49395 
49406 

494  r7 
494x8 

49439 
4945' 
4946* 

99 

50026 
50037 
50048 
50059 
50070 
500*1 
50092 
50103 
50114 
50125 

• 

2 
3 
4 
5 
6 
7 
8 
9 

30 
46 

3  0 
16 
30 
46 

4  0 
16 
30 
46 

43*93 
433<>5 
433«7 
433*9 
43340 
433$* 
43364 
43376 
43388 
43399 

43999 
44010 
44022 
44034 
44045 
44057 
44069 
44081 
44092 
44'04 

44699 

447" 
447*3 
44734 
44746 
44757 
44769 
4478i 

4479* 
44804 

45395 
45407 
45418 
4543o 
4544' 
45453 
45465 
45476 
45488 
45499 

46086 
46098 
46109 
46 12 1 
46132 
46144 

46167 
46178 
46190 

46773 
46785 
46796 
46807 
46819 
46830 
46842 
46853 
46864 
46876 

47455 
47466 

47478 
47489 
47500 

475'* 

475*3 
47534 
47546 

47557 

48132 
48i44 
48155 
48166 

48177 
48189 
48200 
48211 
48222 
48233 

48805 
48816 
48827 
48838 

48849 
48861 
48872 
4S883 
48894 
48905 

49473 
49484 
49495 
495o6 

495'7 
495*8 
49539 
4955o 
4956i 
49573 

50136 
5oi47 
50158 
50169 
50180 
50191 
50202 
50*13 
50**4 
5o*35 

10 
11 
12 
13 
14 
16 
18 
17 
18 
19 

6  0 
16 
30 
46 

0  0 
16 
30 

u 

7  • 
16 

434" 
434*3 
43435 
43446 
434$8 
43470 
4348* 
43494 
43505 
435'7 

44116 

44127 
44'39 
44'5' 
44162 

44' 74 
44186 

44198 
44*09 
44221 

44816 
448*7 
44839 
448  co 
44862 
44874 
44885 
44897 
44909 
44920 

455" 
455** 
45534 
45545 
45557 
45569 
4558o 

4559* 
45603 
456x5 

46201 

46*13 
46224 
46236 
46*47 
4f*59 
46270 
46281 
46293 
46304 

46887 
46898 
46910 
46921 
46933 
46944 
46955 
46967 

46978 
46*90 

47568 
47579 
4759' 

47602 

47613 
476*J 
47636 
47647 
47659 
47670 

48*45 
48*56 
48*67 
48*78 
48*90 
48301 
48312 
483*3 
48335 
48346 

48916  49584 
489*8  49595 
48939  49606 
489501 49617 
48961  1 49628 

4897*  49639 
48983  1 49650 

48995 1 49661 
49006  49672 
49017  1 49684 

50*46 
50257 
50268 
50279 
50290 
50301 
50312 
503*3 
50334 
50345 

20 
21 

22 
23 
24 

25 
96 
27 
28 
29 

30 
46 

8  0 
16 
30 
46 

0  0 
16 
30 
46 

435*9 
4354' 
4355* 
43564 
43576 
43588 

43599 
43611 

43623 

43635 

44*33 
44*44 
44*56 
44268 

44*79 
44291 

44303 
443 '4 
44326 

44338 

4493* 
44943 
44955 
44967 
44978 
44990 
45001 

45oi3 
450*5 
45036 

45626 

55638 

45649 
45661 

45672 
45684 
45695 
45707 
457'8 
45730 

46316 

463*7 

46339 
46350 
46362 
46373 
46385 
46396 
46407 
46419 

47001 
47012 
47024 

47035 
47046 
47058 
47069 
47081 
47092 
47103 

47681 
47693 
47704 
47715 
477*6 
47738 
47749 
4776o 

4777* 
47783 

48357 
48368 

48379 
48391 
48402 
48413 
484*4 
48436 
48447 
48458 

490*8 

49039 
49050 
49062 
49073 
49084 
49095 
49106 
49117 
49128 

49694 
49705 
49716 
497*8 
49739 
49750 
49761 

4977* 
49783 
49794 

50356 
50367 
50378 
50389 
50400 
5041 1 
50422 
50433 
50444 
50455 

30 
31 
32 
33 
34 
3d 
38 
37 
38 
39 

10  0 
16 
30 
46 

11  0 
16 
30 
46 

IS  0 
16 

43647 
436$t 
43670 
43682 
43694 
43705 
437 '7 
437*9 
4374' 
4375* 

44350 
44361 

44373 
44385 
44396 
444o8 
44420 
4443' 
44443 
44455 

45048 
45059 
45°7> 
45083 

45094 
45106 

45*  '7 
45129 
4S'±i 

45'5* 

4574' 
45753 
45765 
45776 
45788 

45799 
45811 
45822 
45834 
45845 

46430 
46442 
46453 
46465 
46476 
46488 

46499 
46510 
46522 
46533 

47"5 
47126 

47 '37 
47149 
47160 

47 '7' 
47'83 
47 '94 
47206 

47*17 

47794 
47805 

47817 
478*8 

47839 
4785' 
47862 

47874 
47884 
47896 

48469 
48480 
48492 
48503 
485'4 
485*5 
48536 
48  548 
48559 
48570 

49 '39 
49'5' 
49162 

49'73 
49184 

49'95 
49206 
49217 
49218 
49*40 

49805 
49816 
498*7 
49838 
49849 
49860 
49871 
498*2 
49893 
49904 

50466 

50477 
50488 

50499 
50510 

50521 
5053* 
50543 
50554 
50565 

40 
41 
42 
43 
14 
46 
48 
47 
48 
49 

30 
46 

13  0 
15 
30 
46 

14  0 
15 
30 
46 

43764 
*3776 
43787 
43799 
43811 

438*3 
43834 
43846 
43858 
43870 

44466 
44478 
44490 
44501 

445'3 
445*5 
44536 
44548 
4456o 
4457' 

45164 

45'75 
4$'87 

45 '99 
45210 
45222 
45*33 
45*45 
45*56 
45*68 

45857 
45868 
45880 
45891 
45903 
45914 
459*6 
45937 
45949 
4596o 

46545 
46556 
46568 

46579 
46591 
46602 
46613 
46625 
46636 
46648 

47228 

47240 

47*5' 
47262 

47*74 
47*85 
47196 
47308 
473 19 
4733* 

47907 
47918 
47930 
4794' 
4795* 
4796? 
47975 
47986 
47997 
4&x$ 

48581 
48592 
48604 
48615 
48626 

4*637 
4*648 
48660 
4S671 
48682 

49*5' 
49262 

49*73 
49*84 
49*95 
493o6 
493 '7 
493*8 
49340 
4935' 

49916 
499*7 
49938 
49949 
4996o 
4997' 
49982 

49993 
50004 
50015 

50576 
50587 

50598 
50609 
50610 
50631 
5064a 
50653 
506*3 
$0674 

50 
61 
52 
53 
64 
65 
58 
87 
86 
89 
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LOO.  SINE  SQUARE 

141° 

ur 

148° 

144° 

f. 

45' 
9*27- 

0' 

15' 

30' 

45' 

0' 

15' 

|  30' 

46' 

0' 

16' 

9h28" 

9b2fH" 

9h30" 

O^l™ 

»h32» 

9*  33" 

9h34* 

9h35" 

9h3C» 

9h37w 

o'  <f 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

99 

50685 

50696 

50707 
50718 
50729 
50740 

5075  * 
50762 

5°773 
50784 

9*9 
5«340 
51351 
51362 

5>373 

51384 
51395 
51405 
51416 
514*7 
5H38 

9'9 

51990 

52001 

52012 

5*023 

5*034 

5**045 

5*<=55 

52c  66 

5*077 
52087 

9*9 

52636 

52647 

52657 

52668 

52679 

52689 

52700 

52711 

52722 

52-M2 

5*74T 
5*754 
5*764 

5*775 
52786 

5*796 
52807 
52818 
52829 
52839 

9.9 

53*77 
53*87 
53*98 

53309 
53319 
53330 
53341 
53351 
53362 

5337* 
53383 
53394 
534<>4 
53415 
544*5 
53436 
53447 
53457 
53468 

53479 

99 

53913 

539*4 

53934 

53945 

53955 

53966 

53977 

53987 

53998 

54008 

9*9 

54545 

54555 

54566 

54576 

54587 

54597 

54608 

546i8 

54629 

54639 

9*9 

55172 
55182 

55193 
55203 

55*H 
55**4 
55*35 
55*45 
55*55 
55266 

9*9 

55795 

55805 

558i5 
558*6 
55836 
55846 
55857 
55867 

55877 
55888 

56413 
564*3 
56433 
56443 
56454 
56464 
56474 
56484 

56495 
56505 

57026 
57036 
57046 

57057 
57067 

57077 
57087 

57097 
57107 
57ii8 

0 

1 
2 
9 
4 
6 
6 
7 
8 
9 

30 
45 

a  0 

15 
30 
45 
4  0 
16 
30 
45 

50795 
50806 

508*7 
50828 
50838 
50849 
50860 
50871 
50882 
50893 

51449 
51460 

5H7i 
51481 
51492 
51503 
5I5H 
5»5*5 
51536 
51547 

52098 
52109 
52120 
52131 
52141 
52152 
52163 
5*174 
5*184 
5*195 

54019 
540*9 
54040 
54050 
54061 
54071 
54082 
54093 
54103 
54H4 

54650 
54660 
54671 
5468i 
54692 
54702 
54713 
547*3 
54734 
54744 

55*76 
55*87 
55*97 
55307 
553i8 
553*8 
55339 
55349 
55359 
5537o 

55898 
559o8 
55919 
559*9 
55939 
55950 
5596o 
5597o 
55981 

55991 

56515 
565*5 
56536 
56546 
56556 
56566 
56577 
56587 
56597 
56607 

57128 
57138 
57H8 
57158 
57169 
57179 
57189 

57199 
57209 
57219 

10 

11 
12 
13 
14 
15 
1« 
17 
18 
19 

6  0 
15 
30 
45 

6  0 
16 
30 
45 

7  o 

15 

50904 
5091c 
50926 

50937 
50948 

50959 
50970 
50980 
50991 
51002 

5«557 
51568 

5*579 
51590 
51601 
51612 
51622 
51633 
51644 
51655 

52206 
5*217 
52228 
52238 
52249 
52260 
52271 
52281 
52292 
5*303 

5*850 
52861 
52871 
52882 
52893 
52903 
52914 
52925 
52936 
52946 

53489 
535oo 

535» 
535*1 
5353* 
5354* 
53553 
53564 
53574 
5358} 

54i*4 
54135 
54H5 

*'& 
54166 

54177 

54i87 

54198 

54*09 

54*19 

54754 
54765 
54775 
54786 

54796 
54807 
54817 
54828 
54838 
54849 

5538o 
55390 
55401 

554" 
554** 
5543* 
5544* 
55453 
55463 
55473 

56001 
56011 
56022 
56032 
56042 

56053 
56063 

56073 
56084 
56094 

56618 
56628 
56638 
56648 
56659 
56669 
56679 
56689 

5*6?9 
56710 

57**9 
57240 
57250 
57260 
57270 
57280 
57290 
57301 
57311 
573*i 

20 
21 
22 
23 
24 
26 
28 
27 
28 
29 

30 
45 

8  0 
15 
30 
4o 

9  0 
.  15 

3a 

45 

51013 

51024 
51035 
51046 

5f°57 
51068 
51079 
51090 
51101 
51111 

51666 
5»677 
51687 
51698 
51709 
517*0 
51731 
5174* 
5175* 
51763 

5*3H 
5*3*4 
5*335 
52346 

5*357 
52367 

5*378 
52389 
52400 
52410 

5*957 
5*968 
5*978 
5*989 
53000 
53010 
53021 
53032 
53042 
53053 

sa 

53617 
536*7 
53638 
53649 
53659 
53670 
53680 
53691 

54230 
54240 

54*5i 
54261 
54272 
54282 
54*93 
54303 
543H 
543*4 

54859 
54870 
54880 
54890 
5490I 

549" 
54922 

5493* 
54943 
54953 

55484 
55494 
55505 
55515 
555*5 
55536 
55546 
55556 
55567 
55577 

56104 
56114 
56125 
56135 

56156 
56166 
56176 
56187 
56197 

50720 
56730 
56740 
56751 
56761 
56771 
56.-81 

56791 
56802 
56812 

57331 
57341 
57351 
57362 
5737* 
5738* 
5739* 
57402 
574i* 
574** 

30 
31 
32 
S3 

84 
35 
30 
37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
46 

12  0 
15 

5 1 122 

5»'33 
51144 

5"55 
51166 

51188 
51199 
51210 

51220 

51774 
51785 
5*796 
51806 

61817 
51828 

51839 
51850 
51861 
51871 

5*4*i 
5*43* 
5*443 
5*453 
5*464 
5*475 
52486 
52496 

5*507 
52518 

53064 

53074 
53085 

53096 
53106 

53"7 
53128 

53138 

53149 
53160 

53702 
5371* 
537*3 
53733 
53744 
53755 
53765 
53776 
53786 

53797 

54335 
54345 
54356 
54366 
54377 
54387 
54398 
544o8 
544»9 
S44*9 

54964 
54974 
54984 
54995 
55005 
55016 
55026 
55037 
55047 
55057 

55588 

55598 
55608 
55619 
55629 
55639 
55650 
55660 
55670 
55681 

56207 

56217 
56228 

56*38 

56248 

56258 

56269 

56279 
56289 

56300 

56822 
56832 
56842 

56853 
56863 

56873 
56883 

56894 
56904 
56914 

57433 
57443 
57453 
57463 
57473 
57483 
57493 
57503 
57513 
575*4 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
46 

13  0 
16 
90 
45 

14  0 
15 
30 
46 

51231 
51242 

5«*53 
51264 

51275 
51286 

5J*97 
51308 
51318 
5n*9 

51882 
51893 
51904 
519M 
5>9*« 
51936 

51069 | 
51980 1 

5*5*9 
5*539 
5*550 
52561 
5*571 
5258* 

5*593 
52604 
52614 
52625 

53170 
53i8i 
53192 
53202 
53*13 
53**4 
53*34 
53*45 

53266 

53807 
53818 
538*9 
53839 
53850 
53860 

53871 
53881 
53892 
53903 

54440 
5445° 
54461 
54471 
54482 
5449* 
54503 
54513 
545*4 
54534 

55068 
55078 
55089 

55099 
55110 
55120 
55130 
55Hi 
55i|i 
55162 

55691 
557ox 
5571* 
557** 
55733 
55743 
55753 
55764 
55774 
55784 

56310 
56320 

56*30 
56341 

56351 
56361 

56371 
56382 
56392 

56402 

56924 
56934 
56945 

si9i$ 
56965 

56975 
56985 

56996 
57006 
57016 

57534 
57544 
57554 
57564 
57574 
57584 
57594 
57605 

576i5 
57625 

50 
51 
62 
53 
54 
55 
5H 
57 
58 
59 
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LOO.  SINE  SQUARE 

144° 

145° 

146° 

147° 

a. 

9fc98- 

45' 

6* 

15' 

30'  1  45' 

0' 

IV 

W   j  45' 
9*46-  9*47" 

0* 
9*40- 

9h99« 

9*40- 

9"  41- 

^42-' 0*43- 

9*44- 

9*45" 

t  0 
15 
90 
45 

1  0 
If 
30 
46 

2  0 
15 

9.9 

57635 
57645 
57655 
57665 

57675 
57685 
57696 
57706 
57716 
57716 

9*9 

58239 

58249 

58259 

58269 

58279 
58289 
58299 
58309 
58319 
58329 

99 

58839 

58849 

58859 

58869 

58879 
58889 
58899 
58909 
58919 
58929 

9*9 

59434 

59444 

59454 

59464 

59474 

59484 

59493 

59503 

595n 

595*3 

59533 

59543 

59553 

59563 

5957* 

59582 

5959* 
59602 
59612 
59622 

9.9 

60025 

60035 

60044 

60054 

60064 

60074 

60084 

6oo93 
60103 
60113 

99 

60611 

60621 

60630 

60640 

60650 

60660 

60669 

60679 

60689 

60699 

9*9 

61193 

61202 

61212 

61222 

61231 

61241 

61250 

61260 

61270 

61279 

I'9 

61770 

61779 
61789 
61798 
61808 
61818 
61827 
61837 
61846 
61856 

99 

62342 

62352 

62361 

62371 

62380 

62390 

62399 

62409 

62418 

62428 

629x0 
62920 
62929 

6*939 
62948 
62957 
62967 
62976 
62986 
62995 

9'9 

63474 

63483 

63493 

6350a 

63511 

63521 

63530 

63539 

63549 

63558 

0 

I 
2 
3 
4 
i 
6 
7 

8 

9 

90 
45 

3  0 
15 
30 
45 

4  0 
15 
90 
45 

57736 
57746 
57756 
57766 
57776 
57786 

57797 
57807 

57««7 

57827 

58340 
58350 
5836c 
58370 
58380 
58390 
58400 
58410 
58420 
58430 

58938 
58948 
58958 
58968 
58978 
58988 

58998 
59008 
59018 
59028 

60123 
60133 
60142 
60152 
60162 
60172 
60182 
60191 
60201 
60211 

60708 
60718 
60728 
60737 
60747 
60757 
60767 
60776 
60786 
60796 

61289 
61299 
61308 
61318 
61328 
6i337 
6i347 
61357 
61366 
61376 

61865 
61875 
61885 
61894 
61904 
61913 
61923 
61932 
61942 
61951 

6*437 
62447 
62456 
62466 
62475 

6*485 
62494 
62504 
62513 
62523 

63005 
63014 
63023 

63033 
63042 
63052 
63061 
63070 
63080 
630S9 

63567 

63577 
63586 

63595 
63605 

63614 
63623 
63633 
6364* 
63651 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 

5  0 
15 
90 
45 

C  0 
16 
90 
45 

7  0 
16 

57837 
57847 
57857 
57867 
57877 
57887 
57897 
57907 
579^7 
57928 

$8440 

58450 
58460 

58470 
>848o 
58490 
58500 
58510 
58520 
58530 

59038 
59048 
59058 
59068 
59078 
59088 

59097 
59107 
59117 
59127 

59632 
59641 

596S« 
59661 

59671 
5968i 
59691 
59701 
59710 
59720 

60221 
60230 
60240 
60250 
60260 
60270 
60279 
60289 
60299 
60300 

60805 
60815 
60825 
60834 
60844 
60854 
60864 
'60873 
60883 
60893 

61385 
61395 
61405 
61414 
61424 
6i434 
6i443 
61453 
61462 
61472 

61961 
61970 
61980 
61990 
61999 
62009 
62018 
62028 
62037 
62047 

62532 
62542 

62561 
62570 

5*579 
62589 

tj& 

62617 

63099 
63108 
63118 
63127 

63146 

63155 
63165 
63x74 
63183 

63661 
63670 
63679 
63689 
63698 
63707 

63717 
63726 

63735 
63745 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

.  90 
46 

•  0 
15 
90 
45 

0  0 
16 
90 
45 

57938 
57948 
57958 
57968 
57978 
57988 
57998 
58008 
58018 
58028 

58540 
58550 
58560 
58570 
58580 

58590 
58600 
58610 
58620 
58630 

59'37 
59»47 
59»57 
59167 

59>77 
59187 
59197 
59207 
59216 
59226 

59730 
59740 
5975o 
5976o 
59769 
59779 
59789 

59799 
59809 
59819 

60318 
60328 
60338 
60348 
60357 
60367 
60377 
60387 
60396 
60406 

60902 
60912 
60922 
60931 
60941 
60951 
60960 
60970 
60980 
60990 

61482 
61491 
61501 
61511 
61520 
61530 
61539 
61549 
61559 
61568 

62057 
62066 
62076 
62085 
62095 
62104 
62114 
62123 
62133 
62142 

62627 
62636 
62646 
62655 
62665 
62674 
62684 
62693 
62703 
62712 

63193 
63202 
632x1 
63221 
63230 
63*40 
63*49 
63*58 
63268 

63*77 

63763 
63773 
63782 
63791 
63801 
63810 
63810 
63828 
J63838 

30 
31 
32 
33 
34 
35 
36 
97 
38 
39 

10  0 
15 
90 
45 

11  0 
15 
90 
45 

12  0 
15 

58038 
58C48 
58058 
58068 
58078 
58089 
5S099 
58109 
58119 
58129 

58640 
58650 
58660 
58670 
58680 
58690 
58700 

58709 
58719 
58729 

59236 
59246 
59256 
59266 
59276 
592S6 
59296 
59306 
59315 
593*5 

59828 
59838 
59M 
59858 
59868 
59878 
59887 
59897 
59907 
599 1 7 

60416 
60426 
60436 
60445 
6o455 
60465 
60475 
60484 
60494 
60504 

60999 
61009 
61019 
61028 
61038 
61048 
61057 
61067 
61077 
61086 

61578 
61587 
61597 
61607 
61616 
61626 
61635 
61645 
61655 
61664 

62152 
62161 
62171 
62180 
62190 
62200 
62209 
62219 
62228 
62238 

62721 
62731 
62740 
62750 

62759 
62769 
62778 
62788 
6*797 
62807 

63287 
63296 

63305 
63315 
63324 

63333 
63343 
63352 
63362 
63371 

63847 
63856 
63866 
63875 
63884 
63894 
63903 
63912 
63922 
63931 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

90 
45 

13  0 
16 
90 
45 

14  0 
15 
90 
45 

58i39 
58i49 
58159 
58169 
58179 
58189 
58199 
58209 
58219 

5*22* 

58739 
58749 
58759 
58769 
58779 
58789 

58799 
58809 
58819 
58829 

59335 
59345 
59355 
59365 
59375 
59385 
59395 
59405 
59414 
59424 

599*7 
59937 
59946 
59956 
59966 
59976 
59986 

59995 
60005 
60015 

60514 
60513 
6o533 
60543 
60553 
60562 
60572 
60582 
60591 
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7749* 

779*6 

78357 

78783 

79*o5 

79611 

6 

45 

75*59 
75167 

757i6 

76l68 

76616 

77060 

77499 

77934 

78364 

7*79o 

79111 

796*9 
79636 

7 

9  0 

757*4 

76176 

76614 

77067 

77506 

7794* 

7*37' 

7*797 

79119 

8 

15 

75*75 

75731 

76183 

76631 

77074 

775**3 

7794* 

7*37* 

78804 

79116 

79643 

9 

30 

75181 

75739 

7619I 

76638 

77081 

775** 

77955 

78386 

78811 

79*33 

79650 

10 

45 

75190 

75746 

76198 

76646 

77089 

775** 

77963 

7*393 

78819 

79*4o 

79657 

11 

3  f 

75*98 

75754 

76106 

76653 

77096 

77535 

77970 

78400 

78826 

79*47 

79664 

19 

15 

753°5 

75761 

76113 

76661 

77104 

77543 

77977 

78407 

78833 

79*54 

79671 

13 

30 

753*3 

75769 

76l2I 

76668 

77*" 

77550 

779*4 

7*4*4 

78840 

79*61 

79678 

14 

45 

753*1 

75777 

76ll8 

76676 

77*** 

77557 

7799* 

78411 

18847 

79*68 

796*5 

15 

4  0 

75318 

757*4 

7«*36 

76683 

77116 

77564 

7799? 
78006 

78418 

7**54 

79*75 

79691 

16 

15 

7$316 

7579* 

76143 

76690 

77*33 

7757* 

7*436 

78861 

79181 

79699 

17 

30 

75343 

75799 

76151 

76698 

77*4* 

77579 

78013 

7*443 

78868 

79*89 

79705 

18 

45 

753?' 

75*o7 

76*j8 

76705 

77*4* 

775*6 

78010 

78450 

7**75 

79196 

79711 

19 

5  0 

75366 

7$*i4 

76*66 

767»3 

77*55 

77593 

78017 

7*457 

78881 

79303 

79719 

20 

15 

75*** 

76173 

767*0 

77103 

776oi 

7*034 

78464 

78889 

79310 

79716 

21 

30 

75374 

75*3o 

76181 

767*7 

77170 

776o8 

78041 

7847* 

78896 

793*7 

79733 

22 

45 

753** 

75*37 

76188 

76735 

77*77 

776*5 

78049 

78478 

78903 

793*4 

7974° 

23 

•  0 

753*9 

75*45 

76196 

76741 

77**5 

7761* 

78056 
7*063 

784*5 

78910 

7933' 

79747 

24 

15 

75397 

75*6o 

76303 

76750 

77*9* 

77630 

7849* 

78917 

79338 

79754 

25 

30 

754<>5 

76311 

76757 

77*99 

77637 

78070 

785C0 

7*9*4 

79345 

79761 

26 

45 

754** 

75*67 

76318 

76765 

77107 

77644 

7*078 

78507 

78931 

7935* 

79768 

97 

7  0 

75410 

75*75 

76316 

76771 

77**4 

7765* 

78085 

785*4 

7*93* 

79359 

79775 

28 

15 

754*7 

75**1 

76333 

76779 

77*** 

77659 

78091 

785*1 

78945 

79366 

7978i 

29 

30 

75435 

75*90 

7634« 

767*7 

77119 

77666 

7*099 

78518 

78951 

79373 

79788 

30 

45 

75443 

75*97 

76348 

76794 

77*36 

77673 

78106 

78535 

78959 

79379 

79795 

31 

8  0 

75450 

75905 

76355 
76363 

76801 

77*43 

7768i 

7***4 

7*54* 

78967 

79386 

79801 

32 

15 

7545* 

759" 

76809 

77151 

77688 

78111 

7*54? 

78974 

79393 

79809 

33 

90 

75465 

759*o 

76370 

76816 

77158 

77695 

78118 

78556 
7*563 

78981 

79400 

79816 

34 

45 

75473 

75918 

76378 

76814 

77*65 

77701 

7**35 

78988 

79407 

798*3 

35 

9  • 

754*" 

75935 

76385 

76831 

77*7* 

77710 

78141 

7*57* 

78995 

794*4 

79830 

36 

15 

754** 

75943 

76393 

76839 

77180 

777*7 

7**49 

78578 

79001 

79411 

79836 

97 

30 

75496 

7595° 

76400 

76846 

77**7 

777*4 

7**57 

78585 

79009 

794*8 

79843 

38 

45 

75504 

7595* 

76408 

76853 

77194 

7773* 

78164 

78591 

79016 

79435 

79850 

39 

10  0 

755" 

75965 

764*5 

76861 

77301 

77739 

78171 

7LS9i 

79013 

7944* 

79*57 

40 

15 

755*9 

75973 

76413 

76868 

77309 

77746 

78*78 

78606 

79030 

79449 

79864 

41 

30 

755*6 

759*o 

76430 

76875 

77316 

77753 

78*85 

7S613 

79037 

794|6 
79463 

79871 

42 

45 

75534 

75988 

76438 

76883 

773*4 

7776o 

78191 

78610 

79044 

79878 

43 

II  0 

7554* 

75995 

76445 

76890 

7733* 

77768 

78200 

78617 

79°5* 

79470 

79885 

44 

15 

75549 

76003 

7645* 

76898 

7733* 

77775 

78107 

78634 

S£ 

79477 

79891 

45 

30 

75557 

76011 

76460 

76905 

77346 

77781 

78114 

78643 

794*4 

79898 

46 

45 

75564 

76018 

76467 

76911 

77353 

777*9 

78111 

78649 

79071 

7949' 

79905 

47 

1*  0 

7557* 

76016 

76475 

76910 

77360 

77796 

78118 

78656 

79079 

7949* 

79911 

48 

15 

755*o 

76033 

7648* 

76917 

77367 

77*04 

78*35 

*8663 

79086 

7?5°5 

79919 

49 
60 

30 

755*7 

76041 

76490 

769H 

77375 

77*11 

78*43 

78670 

79093 

795** 

799*6 

45 

75595 

76048 

76497 

76941 

773** 

77**8 

78150 

78677 

79100 

79$  *9 

79933 

51 

13  0 

7560* 

76056 

76505 

76949 

773*9 

77**5 

78*57 

78684 

79*o7 

795*$ 

79940 

52 

15 

75610 

76063 

76511 

76957 

77397 

77*33 

78*64 

78691 

79**4 

7953* 

79946 

53 

30 

75618 

76071 

76510 

76964 

77404 

77*40 

78*71 

78698 

79111 

7953? 

79953 

54 

45 

75615 

76078 

765*7 

76971 

774*  * 

77*47 

78178 

78705 

79118 

79546 

7996o 

5A 

14  0 

75633 

76086 

76534 

76979 

774*9 

77*54 

78186 

78711 

79*35 

79553 

79967 

56 

15 

75640 

76093 

76541 

76986 

774*6 

77861 

78*93 

78719 

7914a 

79560 

79974 

57 

30 

75648 

76101 

76549 

76993 

77433 

77869 

78300 

787*7 

79*49 

79567 

79981 

58 

45 

75655 

76108 

76557 

77001 

77440 

77876 

78307 

78734 

79156 

79J74_ 

79988 

ft!) 
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TABLE  69 

LOO.  SINE  SQUARE 

15 

►5° 

156° 

157° 

158° 

• 

45' 

0' 

15' 

w 

45' 

0' 

16' 

sr 

45' 

« 

10*22- 

10*23- 

9*9 

80404 

8041 1 

80417 

80424 

80431 

80438 

80444 
80451 
80458 
80465 

10*24- 

10*25- 

10*26- 

10*27- 

10*28- 

10*29- 

10*30- 

10*31- 

16*32- 

/     H 

*  0 
15 
30 
4ft 

1  0 
16 
30 
45 

2  0 
15 

9*9 

79995 

8ooui 

80008 

80015 

80022 

80029 

80036 

80043 

80049 

80056 

9'9 

80809 

80816 

80822 

80829 

80836 

80842 

80849 

808  <6 

80862 

80869 

9'9 

81109 

81116 

81113 

81119 

81136 

81243 

81249 

81256 

81262 

81269 

99 

81606 

81612 

81619 

81615 

81631 

81659 

81645 

81651 

81658 

81665 

9*9 

81998 

82004 

82011 

82017 

82014 

82030 

82037 

81043 

82050 

82056 

9*9 

82385 

82392 

82398 

82405 

82411 

82417 
82424 
82430 
8*437 
8*443 

82769 

82775 
82782 
82788 

82794 
82801 
82807 
82813 
82820 
82826 

99 
83148 

83154 
83160 
83167 
83173 
83179 
83186 
83192 

83198 
83104 

9*9 

835*3 

835*9 

83535 

83541 

83547 

83554 

83560 

83566 

83572 

83579 

99 

83893 

83899 

83905 

83911 

83918 

83924 

83930 

83936 

83942 

83948 

0 

1 

2 

3 

4 

5 

t 

7 

8 

9 

10 

II 

12 

13 

14 

IS 

18 

17 

18 

19 

30 
45 

t  0 
16 
30 
46 

4  f 
16 
30 
46 

80063 
80070 
80077 
80084 
80090 
80097 
80104 
801 1 1 
80118 
80125 

80472 
80478 
80485 
80492 
80499 
80505 
80511 
80519 
80526 
80533 

80876 
80883 
80889 
80896 
80903 
80909 
80916 
80923 
80920 
80936 

81276 
81282 
81289 
81296 
81302 
81309 
81315 
81322 
81329 
8*335 

81671 
81678 
81684 
81691 
81698 
81704 
81711 
81717 

8i7H 
81730 

82063 
82069 
82076 
82082 
82089 
82095 
82102 
82108 
82114 
82121 

82450 

8*456 
81462 

82469 

8*4/5 
82482 
82488 

8*494 
82501 

82507 

82832 
82839 
82845 
82851 

8*857 
82864 
82870 

8*877 
82883 

82889 

83111 
83117 
83113 
83119 
83136 
83141 
83*48 
83*54 
83261 

83*67 

83585 
83591 
83597 
83603 
83610 
83616 
83611 
83618 

83634 
83640 

83954 
83961 

83967 
83973 
83979 
83985 
83991 
83997 
84003 
84010 

6  0 
15 
30 
45 

C  0 
16 

-  30 
45 

7  0 
16 

80131 
80138 
80145 
80152 
80159 
80166 
80172 
80179 
80186 
80193 

80539 
80546 
80553 
80560 
80566 
80573 
80580 
80587 

80943 
80949 
80956 
80963 
80970 
80976 
80983 
80990 
80996 
81003 

81342 
81348 

8-355 
81362 
81368 

8i375 
81382 
81388 
81395 
81401 

81737 
8i743 
81750 
81756 
81763 
81770 
81776 
81783 
81789 
81796 

82127 
82134 
82140 
82147 
81153 
81160 
81166 
82173 
82179 
82186 

82514 
82520 
82526 

8*533 
82539 
82546 
82551 
8*5}8 
8*5*5 
81571 

82896 
82902 
82908 
82915 
82911 

8*9*7 
81934 
81940 
81946 
82953 

83*73 
83280 
83186 
83191 
83198 
23305 
83311 
83317 
833*3 
83330 

83647 

83659 
83665 
83671 
83678 
83684 
83690 
83696 
83701 

84016 
84022 
84028 
84034 
84040 
24046 
84052 
84058 
24065 
84071 

20 
21 
22 

23 
24 
24 
26 
27 
28 
29 

30 
45 

t  0 
16 
30 
45 

•  0 
16 
30 
46 

80200 
80207 
80213 
80220 
80227 
20234 
80241 

80247 
80254 
80261 

80607 
80614 
80620 
80627 
80634 
80641 
80647 
80654 
80661 
80668 

81010 
81016 
81013 
81030 
81036 
81043 
81050 
81056 
81063 
81070 

81408 
81415 
81421 
81428 
81435 
81441 
81448 
8i454 
81461 
81468 

81801 
81809 
81815 
81822 

81828 
8.835 
81841 
81848 

81854 
81861 

82192 
82199 
81105 
82211 
82218 
82224 
82231 
82137 
82244 
82250 

82578 
82584 
82590 
82597 
82603 
82610 
82616 
82622 
8262c 
8*635 

8*959 
8*965 
82972 
82978 
82984 
82990 
82997 
83003 
83009 
S3016 

83336 
8334* 
83348 

83355 
83361 

83367 
83373 
83379 
83386 
83391 

83708 

83715 
83711 

837*7 
83733 
83739 
83745 
8375* 
83758 
83764 

84077 
84083 
84089 

84095 
84101 
84107 
84"3 
84"9 
S4126 

8413* 

30 
31 
32 
33 
34 
3a 
38 
37 
38 
38 

10  0 
15 
30 
45 

11  0 
15 
30 
46 

12  0 
15 

80268 
80275 
80282 
80188 
80295 
80302 
80309 
80316 
80322 
80329 

80674 
80681 
80688 
80694 
80701 
80708 
80715 
80721 
80728 
80735 

81076 
81083 
81090 
81096 
81103 
81110 
81116 
81113 
81130 
81136 

8i474 
8 148 1 
81487 
81494 
81501 
81507 
81514 
81520 
81527 
81533 

81867 

81874 
81881 
81887 

81894 
81900 
81907 
81913 
81920 
81926 

82257 
82263 
82270 
82276 
82282 
82289 
82295 
82301 
81308 
82315 

82641 
82648 

8*654 
82661 
82667 

8*673 
82680 
82686 
81691 
81699 

93022 
83028 
83035 
83041 
83047 

83054 
83060 
83066 
83072 
83079 

83398 

83404 
83411 

83417 
834*3 
834*9 
83436 
8344* 
83448 
8?454 

83770 
83776 
83781 
83789 

83795 
83801 
83807 
83813 
83819 
83816 

84138 
84144 
84150 

84156 
84162 
84168 

84174 
84180 
84186 
84193 

40 
41 
42 
43 
44 
45 
46 
47 
18 
49 

30 
46 

13  0 
16 
30 
45 

14  0 
15 
30 
45 

80336 
80343 
80349 
80356 
80363 
80370 

80377 
80383 
80390 
80397 

80741 
80748 

80755 
80762 
80768 
80775 
80782 
80789 

80795 
80802 

81143 
81150 
8x156 
81163 
81169 
81176 
81183 
81189 
81196 
81103 

81540 
8i547 
8i553 
81560 
81566 

8i573 
81580 
81586 

8i593 
81599 

81933 
81939 
81946 
81952 
81959 
81965 
81971 
81978 
81985 
81991 

82321 
82328 

8*334 
82340 

8*347 
8*353 
82360 
82366 

8*373 
82379 

81705 
81711 
81718 

8*7*4 
82731 

82737 

8*743 
82750 

8*756 
82762 

83085 
83091 
83098 
83104 
83110 
83116 
83123 
83129 

83135 
83142 

83460 
83467 
83473 
83479 
83485 
83492 
83498 
83504 
83510 
83516 

83832 
83838 
83844 
83850 
83856 
83861 
83869 
83875 
83881 
83887 

84199 
84205 
842 1 1 
84217 
84223 
84229 

84*35 
84241 

84*47 
84*531 

60 
51 
62 
68 

64 

65 
66 
67 
68 

68 
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TABLE  69 


88* 


1 

LOG.  8INB  SQUARE 

158° 

159° 

160° 

s. 

W33- 

30' 

45' 

0' 

15' 

30' 

45' 

0' 

IV 

30' 
10*42" 

10*43" 

10*34" 

10*35" 

10*30" 

10*37" 

10*38" 

10*30" 

10*40" 

10*41" 

t        m 

•  0 
15 
30 
45 

1  0 
15 
30 
45 

t  f 
15 

9'9 

84*59 

84*65 

84271 

84*78 

84284 

84290 

84296 

84302 

84308 

843  «4 

9*9 

84621 

84627 

84633 

84639 

M45 

M5i 

84657 

84663 

84669 

84675 

9*9 
84979 
84985 
84991 

84997 
85003 
85008 
85014 
85020 
85026 
85032 

8533* 
85338 
85344 
85350 

85356 
85361 
85367 
85373 
85379 
85385 

9'9 

85681 

85687 

85693 

85699 

85704 

85710 

85716 

85722 

857*8 

85733 

86026 
86032 
86038 
86043 
86049 
86055 
86060 
86066 
8607* 
86077 

86367 
86372 
86378 
86384 
86389 
86395 
86400 
86406 
86412 
86417 

9*9 

86703 

86709 

86714 

86720 

86725 

86731 

86736 

86742 

86747 

86753 

87035 

87040 

87046 
87051 

8to<7 

87062 
87068 

87073 
87079 
87084 

I9* 

87363 

87368 
87373 
87379 
87384 
87390 

87395 
87401 
87406 
874" 

9'9 

87686 

87692 

87697 
87702 
87708 

87713 

87718 

877*4 
877*9 

87734 

0 
1 
2 

3 
4 
6 
6 

7 
8 
9 

30 
45 

3  0 

15 
30 
45 

4  0 
15 
30 
45 

84320 
84326 

8433* 
84338 
84344 
84350 

84356 
84362 
84368 
84374 

84681 
84687 
84693 

84699 
84705 
8471 1 

84717 
847*3 
84729 

84735 

85038 
85044 
85050 
85056 
85062 
85068 
85074 
85080 

85085 
85091 

8539* 
85397 
85402 
85408 

85414 
854*0 

854*6 
8543* 
85437 
85443 

f5739 
85745 
8575' 
85756 
85762 
85768 
85774 
85779 
85785 
85791 

86083 
86089 
86095 
86100 
86106 
861 12 
86117 
86123 
86129 
86,34 

86423 
86429 

80440 

86445 
8645, 

86457 
86462 
86468 
86474 

86758 
86764 
86770 

86775 
86781 
86786 
86792 
86797 
86803 
86808 

87090 

87095 

87101 
87106 

87I 12 
87»7 
871*J 
87128 

87134 
87139 

87417 
87422 
87428 
87433 
87439 
87444 
87449 

!74I5 
87460 

87466 

87740 

87745 
87750 
87746 
87761 
87766 
8777* 
87777 
87782 
87788 

10 
11 
12 
13 
14 
16 
16 
17 
18 
10 

*  0 
15 
30 
41 

0  0 
15 
30 
45 

7   • 

15 

84380 
84387 
84393 
84399 
84405 
84411 
844'7 
84423 
84429 

84435 

84741 

84747 
84753 
84759 
84765 
84771 
84777 
84783 
84789 

84795 

85097 
85103 
85109 

8S"5 
85121 

85127 

85133 
85138 

85144 

85150 

85449 
85455 
85461 
85467 

85472 
85478 
85484 
85490 
85496 
85502 

85797 
85802 
85808 
85814 
85820 
85826 
85831 
85837 
85843 
85848 

86140 
86146 
86151 

86,57 
86163 
86168 

86174 
86180 
86186 
86191 

86479 
86485 
8649c 
86496 
86502 
86507 
86513 
86519 

865*4 
86530 

86814 
86820 
86825 
86831 
86836 
86842 
86847 
86853 
86858 
86864 

87H5 
8715O 
87156 
87161 
87167 
87,7* 
87177 
87183 
87188 
87194 

87471 
87476 
87482 
87487 
87493 
87498 
87503 
87509 
87514 
875*0 

87793 
87798 
87804 
87809 
87814 
87820 

878*5 
87830 
87836 
87841 

20 
21 
22 
23 
24 
25 
2G 
27 
28 
20 

30 
45 
C  0 
16 
30 
45 
.9    0 
15 
30 
45 

8444» 
84447 
84453 
84459 
84465 
84471 
84477 
84483 
84489 
84495 

84801 
84807 
84813 
84818 

M*4 
84830 

M36 
8484* 
84848 
84854 

85156 
85162 
85168 

85'74 
85180 
85186 
85191 
85197 
85203 
85209 

85507 
85513 
85519 

855*5 
85531 
85536 
8554* 
85548 
85554 

85560 

85854 
85860 
85866 
8587* 
85877 
85883 
85889 

85894 
85900 
85906 

86197 
86203 
86208 
86214 
86220 
86225 
86231 
86237 
86242 
86248 

86535 
86541 
86546 
86552 
86558 
86563 
86569 

86574 
86580 
86586 

76869 
86875 
86881 
86886 
86892 
86897 
86903 
86908 
86914 
86919 

87199 
87IO5 
872IO 
87216 
87221 
87227 
87232 
87*37 
87*43 
87248 

875*5 
87530 
87536 
87541 

87547 
8755* 
87557 
87563 
87568 
87573 

87846 
87852 

87857 
87862 
87867 

87873 
87878 
87883 
87689 
87894 

30 
31 
32 
33 

84 
35 
30 
37 
38 
30 

10  0 

15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

84501 
84507 
84513 
84519 
84525 
8453' 
84537 
84543 
84549 
84555 

84860 
84866 
84872 
84878 
84884 
84890 
84896 
84902 
84908 
84914 

85215 
85221 
85227 
85*33 
85*38 
85*44 
85250 
85256 
85262 
85268 

85565 
85571 
85577 
85583 
85589 
85594 

85600 
85606 
85612 
85618 

85912 
85917 

859*3 
85929 

85935 
85940 
85946 
85952 

85958 
85963 

86254 
86259 
86265 
86271 
86276 
86282 
86288 
86293 
86299 
86305 

86591 

86597 
86602 
866c8 
86614 
86619 
86625 
86630 
86636 
86642 

86925 
86930 
86936 
86941 

86947 
86952 
86958 
86963 
86969 
86974 

87254 
87*59 
87*65 
8727O 
87276 
87281 
87286 
87292 
87297 
87303 

87579 
87584 
87590 

87595 
87600 
87606 
8761 1 
87616 
87622 
87627 

87899 

87905 
87910 
87915 
87921 
87926 
87931 
87937 
8794* 
87947 

40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

84561 
84567 

84573 
84579 
84585 
84591 

84597 
84603 
84609 
84615 

84920 
84926 
84931 
84937 
84943 
84949 
84955 
$4961 
84967 
84973 

85*74 
85280 

85*85 
85291 
85297 
85303 
85309 

85315 
85321 
85326 

85623 

85629 

85635 

85641 

85647 
85652 
85658 
85664 
85670 

85676 

85969 
85975 
85980 
85986 
85092 
85998 
86003 
86009 
86015 
86020 

86310 
86316 
86321 
86327 

86333 
86338 

86344 
86350 
86355 
86361 

86647 
86653 
86658 
86664 
86669 
86675 
86681 
86686 
86692 
86697 

86980 
86985 
86991 
86996 
87002 
87007 
87013 
87018 
87024 
87029 

87308 

87  3 '4 
87319 

873*5 
87330 

87335 
87341 
87346 
87352 
87357 

87633 
87638 
87643 
87649 
87654 
87659 
87665 
87670 
87675 
87681 

87952 
87958 
87963 
87968 

87974 
87979 
87984 
87990 

87995 
88coo 

60 
61 

52 
63 
64 
65 
58 
67 
58 
6!> 
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TABLE  69 

LOO.  SINE  SQUARE 

161° 

162° 

163° 

fL 

10*44- 

IS'  1  10^ 
10*45-ll0»4*"> 

4* 
10*47" 

(T 

iy 

3C 

4y 

0' 

lo* 

16*44- 

10*48"  10*49"* 

10*60- 

10*61" 

10*52" 

10*66- 

t        // 

0  0 
16 

ao 

45 

1  o 

u 

30 
46 

2  0 
16 

9*9 

88005 

88011 

88016 

88021 

88026 

88032 

88037 

88042 

88048 

88053 

99 

88320 

88326 

88331 

88336 

88341 

88346 

88352 

»*357 
88362 
88367 

9*9 

88631 

88636 

88641 

88647 

88652 

88657 

88662 

88667 

88672 

88677 

9*9 
88938 

88943 
88948 
88953 
88958 
88963 
88968 
88973 
88978 
88983 

99 
89240 

89*45 
89x50 
80255 
89260 

89*65 
89270 

89275 
89280 
89285 

^9538 
89S43 
89548 
89553 
89558 
89562 

89567 
89572 

89577 
89582 

99 

89832 

89836 

80841 

89846 

89851 

69856 

89861 

89866 

89870 

89875 

9*9 

90121 

90126 

90131 

90136 

Q0140 

9*145 
90150 

9°»55 

90159 
90164 

99 
90407 
904 11 
90416 
90411 

904*5 
90430 

90435 
90439 
90444 
90449 

9'9 
90688 
90692 
90697 

90702 
90706 
90711 
90715 
90720 

907*5 
90729 

90964 
90969 

90974 
90978 

00983 
90987 

9099* 
90996 
91001 
91006 

• 
1 

2 
3 
4 
6 
6 
7 
6 
9 

30 
45 

3  u 

16 
30 
46 

4  0 
Id 
30 
46 

88058 
88063 
88069 
88074 
88079 
8808s 
88090 
88095 
88100 
88106 

88372 
88378 
88383 
88388 
88393 
88398 
88404 
88409 
88414 
88419 

88682 
88688 
88693 
88698 
88703 
88708 
88713 
88718 
88723 
88729 

X8988 
88993 
88998 
89003 
89008 
89014 
89019 
89024 
89029 
89034 

89290 
89295 
89300 
89305 
89310 

89315 
89320 
89325 
8933o 
89335 

89587 
89592 
89597 
89602 
89607 
89612 
89617 
89621 
89626 
89631 

89880 
89885 
89890 
89895 
89899 

89904 
89909 
89914 
89919 
899*4 

90169 
90174 
90179 
90183 
90188 
90193 
90198 
90202 

90*07 
90212 

90454 
90458 
90463 
90468 

9047* 
90477 
90481 

90487 
90491 

90496 

90734 
90739 
90743 
90748 
90753 
90757 
90762 
90766 
90771 
90776 

9 10 10 
91015 
91019 
91024 
910x8 
91033 
91038 
91042 
91047 
91051 

10 
II 
12 
13 
14 
15 
16 
17 
18 
10 

6  0 
16 

30 
45 

6  0 
16 
30 
46 

7  0 
15 

88111 
881 16 
88121 
88127 
88132 
88137 
88142 
88148 
88153 
88158 

88424 
88430 
88435 
88440 
88445 
88450 
88456 
88461 
88466 
88471 

88734 
88739 
88744 
88749 
88754 
88759 
88764 
88769 

88775 
88780 

89039 
89044 
89049 
89054 
89059 
89064 
89069 
89074 

89079 
89084 

8934o 

89345 
89350 

89355 
89360 

89365 
89370 

89375 
89379 
89384 

89636 
89641 
89646 
89651 
89656 
89661 
89666 
89671 
89675 
89680 

89929 

89933 
89938 

89943 
89948 

89953 
89958 
89962 

89967 
89972 

90*17 
90221 
90x26 
90231 
90236 
90241 

90*45 
90250 

90*55 
90260 

90501 
90505 
90510 

9°5'5 
90519 

905*4 
905*9 
90533 
90538 
90543 

90780 
90785 
90790 
90794 

90799 
90803 
90808 

90813 
90817 
90822 

91056 

91060 
91065 
91069 
91074 
91079 
91083 
91088 
9109X 
91097 

20 
21 
22 
23 
24 
25 
26 
*7 
28 
29 

30 
46 

8  0 
16 
30 
46 

9  0 
15 
30 
46 

88163 
88169 
88174 
88179 
88184 
88190 

!!'95 
88200 

88205 

88211 

88476 
88481 
88487 
88492 
88497 
88502 
88507 

88513 
88518 
88523 

88785 
88790 

88795 
88800 
88805 
88810 
88815 
88821 
88826 
88831 

89089 
89094 
89099 
89104 
89109 
89114 
891 19 
89124 
89129 
89134 

89389 
89394 
89399 
8940V 
89409 
89414 
89419 

894*4 
894*9 
89434 

89685 
89690 
89695 

89700 

89705 
89710 

89715 
89719 
897*4 
89729 

89977 
89982 
89987 

89996 

90001 
90006 
90011 

90015 

90020 

90264 
90*69 

90*74 
90*79 
90*83 
90288 

90*93 
90*98 
90302 

90307 

90548 
90552 

90557 
90562 
90566 

9©57» 
90576 

90580 
90585 
90590 

90827 
90831 
90836 
90840 

90845 
90850 

90854 
90859 
90863 
90868 

91101 
91106 
91110 
91115 
91119 
91124 
911x9 

9"33 
91138 
91142 

30 
31 
32 
33 
34 
36 
38 
37 
38 
39 

10  0 
16 
30 
46 

11  0 
16 
30 
45 

IS  0 
15 

882I7 
88221 
88226 
88232 
88237 
88241 
88247 
88252 
88258 
88263 

88528 
88533 
88538 
"544 
88549 
88554 
88559 
88564 
88569 
88575 

88836 
88841 
88846 
88851 
88856 
88861 
88866 
88871 
88877 
88882 

89140 
89145 
89150 
89155 
89160 
89165 
89170 
89175 
89180 
89185 

89439 
89444 
89449 
89454 
89459 
89464 
89469 
89474 
89479 
89484 

89734 
89739 
89744 
89749 
89754 
89759 
89763 
89768 

89773 
89778 

90025 

90030 

90035 
90040 

90044 
90049 
90054 

90059 
90064 
90068 

90312 
90317 
90321 
90326 
90331 
90336 
90340 
90345 
90350 
90354 

90594 

90599 
90604 

90608 
90613 
90618 
906x2 
90627 
90632 
00636 

90873 
90877 
90882 
90886 
90891 
90896 
90900 
90905 

90909 
90914 

91147 
91151 
91156 
91 160 
91165 
91169 

9«»74 
91.78 
91183 
911I7 

40 
41 
42 
43 
44 
45 
46 
*7 
48 
49 

30 
46 

13  0 
15 
30 
46 

14  0 
16 
30 
46 

88268 
88273 
88279 
88284 
88289 
88294 
88300 
88305 
88310 
18315 

88580 
88585 
88590 

8*595 
88600 
88605 
88611 
88616 
88621 
88626 

88887 
88892 
88897 
88902 
88907 
8S911 
88917 
88922 
88927 
88933 

89190 
89195 
802CO 

89205 

89210 

89215 

89220 

89225 

89230 

89235 

89488 
89493 
89498 
89503 
895c8 
89513 
89518 
89523 
89528 
89533 

89783 
89788 
89793 
89798 
89802 
89807 
89812 
89817 
89822 
89827 

90073 

90078 
90083 
90C88 
90092 
90097 

90102 
90107 

901 1* 

1 901 16 

90359 
90364 

90369 
90373 
90378 
90383 
90388 
90392 

90397 
i  90402 

90646 
90650 
90655 
90660 
90664 
90669 

9o674 
90678 
90683 

90919 

9*9*3 
90928 
9093a 
90937 
9094* 
90946 
90951 

90955 
90960 

91 192 
91196 
91201 
91x05 
91210 
91x14 
91219 
9***4 
91228 

9»*33 

50 
61 
62 
63 

64 

66 
68 

57 
58 
50 

Sih%  V  2'  .V  4'  5*  CT  T  8*  IT  10*  11*  12*  13'  14'  15' 

D.  5.  Tartu  011122233344455 
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887 


LOO.  SINK  SQUARE 

163° 
46' 

164° 

165° 

166° 

8. 

0* 

15'  I  30'  1  45' 

V 

15' 

30* 

45* 

V 

15' 

10»»5ft- 

10*56- 

H>A7";iOh58a>[lO>l30" 

llhO- 

1IM» 

11*2- 

llh3« 

11*4- 

ll>»6» 

o'  o' 

15 
30 
45 

1  0 
15 
30 
45 

•  0 

15 

9'9 

9123/ 

91242 

91246 

91251 

9**55 

91260 
91264 
91269 
91273 
91278 

99 

91506 

91510 

91514 

91519 

9*5*3 
91528 
91532 
9'537 
9 '54' 
91545 

9.9 
91770 

9>/74 
91779 
91783 
917S7 

9'7S* 
91796 
91800 
91805 
91809 

9*9 

92030 

92034 

92038 

92043 

92047 

92051 

92056 

92060 

92064 

92068 

9*9 

92286 

92290 

92294 

92298 

92302 

92307 

923 1 1 

92315 

92319 

92324 

9*9 

9*537 

9*54' 

9*545 

92550 

9*554 
9*558 
92562 
92566 
92570 
9*575 

9'9 

9*785 

92789 

9*793 
9*797 
92801 
92805 
92809 
92813 
92817 
92821 

9*9 

930*8 

9303a 

93036 

93040 

93044 
9*048 

93052 
93056 
93060 
93064 

99 
93267 

93*7* 
93*74 
93*78 
93282 
93286 
93290 

93*94 
93298 
9330* 

9*9 
93501 

93505 
93509 
935*3 
935*7 
935** 
935*5 
935*8 
9353* 
93536 

99 

9373* 

93736 

93740 

93743 

93747 

9375' 

93755 

93759 

93762 

93766 

0 

1 

2 
3 

4 
5 
6 
7 
8 
9 

30 
46 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

»  0 
15 
30 
45 

8  0 
15 
30 
45 

7  0 
15 

91282 
91287 
91291 
91296 
91300 
91305 
91309 
91314 
91318 
91323 

91550 
9'554 

9*559 

91563 

91568 
91572 
91576 
91581 

91585 
91590 

91813 
91818 
91822 
91827 
91831 
91835 
91840 
91844 
91848 
91853 

92073 
92077 
92081 
92086 
92090 
92094 
92098 
92103 
92107 
921 XI 

923*8 
92332 
92336 
92340 
9*345 
9*349 
9*353 
9*357 
92361 
92366 

9*579 
92583 
92587 
92591 
9*595 
9*599 
92604 
92608 
92612 
92616 

9*825 
92829 

9*833 
92837 
92842 
92846 
92850 
92854 
9*858 
92862 

93068 
93072 
93076 
93080 
93084 
93088 
93092 
93096 
93100 
93104 

93306 
93310 

933*4 
93318 
93322 
93326 
93330 
93334 
93338 
9334' 

9354o 
93544 
93548 
9355* 
93556 
93559 
93563 
93567 
9357* 
93575 

9377o 
93774 
93778 
93781 
93785 
93789 
93793 
93797 
93800 
93804 

10 
11 
12 
13 
14 
15 
1G 
17 
18 
10 

91327 

9'33* 
91336 

9 '34i 
9 '345 
91350 

9'354 
9'359 
91363 
91367 

9' 594 
91598 
91603 
91607 
91612 
91616 
91621 
91625 
91629 
91634 

9 '857 
91861 
91866 
91870 
91874 
91879 
91883 
91887 
91892 
91896 

921x6 
921*0 
92124 
92128 
92133 

9**37 
92 14 1 

9* '45 
92150 
92154 

92370 

9*374 
92378 
92382 
92387 
92391 
9*395 
9*399 
92403 
92408 

9*6*0 
92624 
9*628 
92632 
92637 
92641 
92645 
92649 
92653 
92657 

9*866 
92870 

9*874 
92878 
92882 
92886 
92S90 

9*894 
92898 
92903 

93108 

93"* 
93116 
93120 
93124 
93128 

93'3* 
93136 
93140 
93M4 

93345 
93349 
93353 
93357 
93361 

93365 
93369 

93373 
93377 
93381 

93579 
93583 
93586 

93590 
93594 
93598 
93602 
93606 
93609 
936x3 

93808 
938x2 
938x5 
93819 
93823 

938*7 
93831 

93834 
93838 

9384* 

20 
21 
22 
23 
24 
25 
28 
27 
28 
20 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

91372 
91376 
91381 
91385 
91390 
9'394 
9 '399 
91403 
91408 
91412 

91638 
91643 
91647 

91656 
91660 
91665 
91669 
91673 
91678 

91900 
91905 
91909 
91913 
91918 
91922 
91926 
91930 
9'935 
9'939 

92158 
92163 
92167 
92171 
92175 
92180 
92184 
92188 
92192 
92197 

92412 
92416 

924*0 
92424 

9*4*9 
9*433 
9*437 
9*44' 
9*445 
92449 

92661 
92665 
92670 
92674 
92678 
92682 
92686 
92690 
92694 
92698 

92907 
9*911 
92915 
92919 

9*9*3 
92927 
92931 
9*935 
9*939 
9*943 

93 '48 

93'5* 
93156 
93160 
93164 
93168 

93*7* 

93176 

93*79 
93183 

93385 
93389 
9339* 
93396 
93400 
93404 
93408 

934'* 
934*6 
934*0 

936*7 
93621 
93625 
936*9 
93633 
93636 
93640 
93644 
93648 
93652 

93846 
93849 
93853 
93857 
93861 
93865 
93868 
93872 
93876 
93880 

30 
31 
32 
33 
34 
35 
38 
37 
38 
30 

19  0 
15 
30 
45 

11  0 
15 
30 
45 

18  0 
U 

9'4'7 
91421 
91425 
91430 
9 '434 
9  "439 
9 '443 
91448 

9'45* 
9'4S7 

91682  I91944 

91687  9'94* 
91691 1  91952 
91695  91956 
91700  91961 
91704:91965 
91709  91969 

9»7'3i9'974 
9*7*7)9*978 
91722 '  91982 

9220J 
92*05 
92209 
92214 
92218 
92222 
92226 
92230 

9**35 

92239 

9*454 
92458 
92462 
92466 
9*47o 
9*475 
9*479 
92483 
92487 
92491 

92703 
9*707 
91711 

9*7'5 
92719 

9*7*3 
92727 
92731 
9*735 
9*739 

9*947 
92951 

9*955 
9*95y 
92963 
92967 
92971 

9*975 
92979 
92983 

93187 
93191 
93*95 
93*99 
93*03 
93207 
93211 

93**5 

93219 
93223 

934*4 
934*7 
9343' 
93435 
93439 
93443 
93447 
9345' 
93455 
93459 

93656 

93659 
93663 
93667 
9367  X 
93675 
93679 
936I2 
93686 
93690 

93883 
93887 
93891 

93895 
93898 
93902 

939<* 
93910 

939*3 
939«7 

40 
41 
42 
48 

44 

45 
48 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
4f. 

91461 
91466 
91470 
9 '474 
9 '479 
91483 
91488 
91492 

9 '497 
91501 

917*6 
91730 
9'735 
9'739 
9'743 
91748 
91752 

9'757 
91761 
91765 

91987 
91991 

91995 
92000 
92004 
92C08 
9*013 
92017 
92021 
92025 

92243 
92247 
92252 
92256 
92260 
92264 
92269 
92273 
92277 
92281 

9*493 
92500 
92504 
92508 
92512 
92516 
92520 

9*5*5 
92529 

9*533 

9*744 
9*748 

9*75* 
92756 
92760 
92764 
92768 
92772 
92776 
92780 

92987 
92991 

9*995 
92999 
93003 
€•3008 
93012 
93016 
93020 
93024 

932*7 
93*31 

93*35 
93239 

93*43 
93*47 
93251 

93*55 
93*59 
93263 

934J3 
93466 

9347o 
93474 
93478 
93482 
93486 
93490 
93494 
93498 

93694 
93698 
93702 

937*5 
93709 
937*3 
937*7 
937*' 
937*4 
937*?_ 

939*1 
939*5 
939*8 
9393* 
93936 
93940 
93943 
93947 
9395' 
93955 

50 
§1 
62 
53 
64 
65 
68 
57 
68 
60 

Sec.  V  r  3'  4'  5*  8'  T  •*  9*  W  H'  '*' 
D.  4.  Part*  0111122ft*  3  3   3 



13'  14' 

3  3 

15' 

4 

088 


TABLR  69 


LOO.  BINE  8QUAKB 

166° 

167* 

16S° 

169° 

». 

30* 

46* 

0' 

16' 

so* 

45' 

& 

1IMS- 

30' 

45' 

r 

11*6- 

11"  7- 

11*8- 

II1"  9- 

ll"10« 

I1H1" 

IIM2" 

11M4- 

■  11*  16"  I1M6- 

0  0 

1ft 

30 
45 

1  0 
15 
90 
45 

2  0 
15 

9*9 

93958 

9396a 

93966 

93970 

93973 

93977 

93981 

93984 
93088 

9399* 

9*9 
94181 

941*4 
94188 

9419* 
94»95 
94*99 
9420a 
94106 
04110 
94*13 

9*9 

94399 

944oa 

94406 

94409 

944'3 

94417 

944*o 

944*4 

944*7 

9443' 

0.9 
94612 

94616 
94619 
946*3 
94626 
94630 
94633 
94637 
94641 
^4644 

9*9 

948** 

94825 

94829 

94832 

94836 

94839 

94*43 

94846 

94850 
04853 

99 

95o*7 
95031 

95034 
95038 
95041 

95044 
95048 
95051 

95<>54 
°?°5* 

9*9 

95**9 

95*3* 

95*35 

95*39 

95*4* 

95*45 

95*4* 

95*5* 

95*55 

05*59 

954*6 
954*9 
9543* 
95436 
95439 
9544* 
95445 
95448 
9545* 
?J455 

9"9< 
95619 

9562a 

956*5 
95628 

9563i 
95635 
95*38 
95641 

95644 
95647 

9*9 

95807 

95811 

95814 

95817 

958*o 

958*3 
95826 

95829 
9583a 

95835 

9*9 

9599* 

95995 

9599* 

96001 

96004 

96007 

96010 

96013 

96016 

96019 

0 
1 
2 

3 
4 
6 

6 
7 

8 

t 

30 
45 

t  0 
16 
30 
46 

4  0 
15 
30 
46 

93996 
93999 
94003 
94007 
9401X 
94014 
94018 
94©aa 
94oa5 
94o*9 

94*17 
94211 

94**4 
94**8 
94*3* 
94*35 
94*39 
94*43 
94*46 
94*5o 

94434 
94438 
9444* 
94445 
94449 
9445* 
94456 
94460 
94463 
94467 

94648 
94651 

94655 
94658 
9466a 
94665 
94669 
9467a 
94676 
94679 

94856 
94860 
94863 
94867 
94870 
94874 
94877 
94881 
94884 
94887 

95061 
95065 
95068 
95071 
95075 
95078 
95081 
95085 
95088 
9509a 

95*6* 
95*65 
95*6* 
95*7* 
95*75 
95*78 
95*8* 
95*85 
95*88 
ojaoa 

9545* 
95461 

95465 
95468 
95471 
95474 
95478 
95481 
95484 
05487 

95650 
95654 
95657 
95660 
95663 
95666 
95669 

95673 
95676 

95679 

95838 
9584* 
95845 
95848 
95851 
95854 
95*57 
95860 
95863 
95866 

9602.2 

960*5 
960a  8 
96031 

06034 
96037 
96040 
06043 
96047 
96050 

10 

12 
13 
14 
16 
16 
17 
18 
It 

6  0 
16 
30 
46 

0  0 
15 
30 
46 

7  o 
16 

94033 
94037 
94040 

94044 
94048 
94051 

94055 
94059 
94063 
94066 

94*54 
94*57 
94*6i 
94265 
94*68 
94*7* 
94*75 
94*79 
94*83 
94286 

94470 
94474 
94477 
9448i 
94485 
94488 

9449* 
94495 
94499 
94502 

94683 
94686 
94690 
94693 
94697 
94700 
94-04 
94707 
947" 
947 '4 

94891 
94894 
94898 
94901 
94905 
94908 

94911 
94915 
949 '8 
949** 

95095 
95098 
9510a 

95io5 
95108 
9511a 

95"5 
95118 

95'** 
?J'*5 

95*95 
95*9* 
95301 

95305 
95308 
951" 
95315 
95318 
953*i 
953*4 

95491 
95494 
95497 
955oo 

95503 
95507 
95510 

95513 
95516 
95520 

9568a 
95685 
95688 
95692 
95695 
95698 
95701 
95704 
95707 
95710 

95869 
95872 
95876 

95*79 
9588a 

95**5 
95*88 
95891 
95894 
95897 

96053 
06056 
96059 
9606a 
96065 
96068 
96071 
96074 
96077 
96080 

20 
21 
22 

23 
24 
21 

26 
27 
28 
29 

30 
46 

8  0 
16 
30 
46 

•  0 
Id 
30 
45 

94070 
94074 
94077 
94081 
94085 
94088 
94092 
94096 
941C0 
94103 

94*90 
94*94 
94*97 
94301 

94305 
943c8 

943'* 
94315 
94319 
943*3 

94506 
94510 
945'3 
94517 
94520 

945*4 
945*7 
94531 
94535 
04538 

94718 
947*i 
947*5 
94728 

9473* 
94735 
94739 
9474* 
94746 
94749 

949*5 
949*9 
9493* 
94935 
94939 
9494* 
94946 
94949 
94953 
_949S6 

95i*9 

9513a 

95135 
95139 
95 '4* 
95*45 
95*49 
9515* 
95155 
95159 

953*8 
95331 
95334 
95338 
95341 
95344 
95347 
95351 
95354 
?5357 

955*3 
955*6 
955*9 
9553* 
95536 
95539 
9554* 
95545 
95548 
9555* 

957  H 
95717 
957*o 
957*3 
957*6 
957*9 
9573* 
95736 
95739 
9574* 

95905 

95903 
95906 

95909 
9591a 
95916 
95919 
959** 
959*5 
959*8 

96082 
960S6 
96089 
9609a 
96095 
96098 
96 101 
96104 
96107 
96 1 10 

30 
31 
32 
33 
34 
35 
38 
37 
38 
38 

10  0 
15 
30 
45 

11  0 
16 
30 
46 

It  0 
15 

94107 
94111 

94*  »4 
94118 
94iaa 
94H5 
94129 

94>33 
94136 

94140 

941*6 
94330 
94334 
94337 
94341 
94344 
94348 
9435* 
94355 
94359 

9454* 
94545 
94549 
9455* 
94556 
94559 
94563 
94566 
94570 
94573 

9475* 
94756 
94759 
94763 
94766 

94770 
94773 
94777 
9478o 
94784 

94959 
94963 
94966 
9497o 
94973 
94976 
94980 

949*3 
94087 
94991 

95162 
95165 
95169 
9517a 

95'75 
95179 
9518a 
95185 
95i*9 
ii'9* 

9536i 
95364 
95367 
95370 
95374 
95377 
95380 

95383 
953*7 
?539o 

95555 
95558 
9556i 
95564 
95568 
95571 
95574 
95577 
955*o 
955*4 

95745 
95748 
95751 
95754 
95757 
95761 

95764 

95767 
95770 
95773 

95931 
95934 
95937 
9594^ 
95943 
95946 
95949 
9595* 
95955 
95958 

96116 
96119 
96122 

9fi*5 
96128 
96131 
96134 
06137 
96140 

40 
41 
42 
43 
44 
4* 
46 
4/ 
4« 
40 

30 
46 

13  0 

16 
30 
45 

14  0 
15 
30 
45 

94«44 
94H7 
94'5» 
94155 
94158 
94162 
94166 
94170 
94'73 
94' 77 

94362 
94366 
94370 
94373 
94377 
94381 
94384 
94388 
9439' 
94395 

94577 
945*1 
945*4 
94588 

94591 
94595 
94598 
94602 
94605 
94609 

94787 
94791 
94794 
94798 
94801 
94805 
94808 
9481a 

94815 
94819 

94993 
94997 
95000 
95004 
95007 
95010 
95014 
95017 
95021 
95024 

95195 
95199 
95*o* 
95205 
95209 

9?212 

9b*'5 
95/19 

95*** 
95**5 

95393 
95396 
954oo 

9540J 
95406 

954io 

9541} 
95416 

95419 
954*3 

955*7 
9559° 
95593 
95596 
95600 
95603 
95606 
95609 
95612 
95615 

95776 

95779 
95782 
95786 
95789 
9579* 
95795 
9579* 
95801 
95805 

95961 

95965 
9596I 

95971 
95974 
95977 
959*o 

959*3 
95986 

959*9 

96143 
96146 
96149 
9615a 
96154 

96160 
96163 
96166 
96169 

60 
61 
53 
53 
54 
65 
56 
67 
58 
5!) 

I 

>.  3   1 

'arts  0 

2*  jr 

0  1 

4'  5'  ir 

I  1  1 

'  TV 

1  a 

ncir  \r  w  w  i5# 

a  a  a  a  3  3  3 

TABLE  69 


LOS.  SINE  SQUARE 

169° 

170° 

171° 

45' 

*. 

IV  W 
11*17-11*18- 

45' 

*Jli* 

30- 

46' 

0' 

15' 

SO' 

llMt- 

11*20-111*21- 

11*22- 

11*23- 

11*24- 

11*25- 

11*20-,  11*27- 

•  0 

1* 

30 
45 

1  0 
5 

a* 

45 

2  0 
15 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

?I9 
96172 

96175 
96178 

96181 
96184 
96187 
96190 

96196 
96199 

96349 
9635" 
96354 
96357 
96360 

S$L 

96369 
96372 
96375 

9? 
96521 

96526 
96529 
96532 
96535 
96538 
96540 

96543 
96546 

96688 
96691 
96694 
96697 
96699 
96702 
96705 
96708 
96711 
96713 

9*9 
96852 

96855 
96858 
96860 
96863 
96866 
96868 
96871 

96874 
96876 

99 

97012 
97014 
97017 
970*0 
97022 
97025 
97027 
97030 
97033 
9703  s 

97167 
97170 
97172 
97175 
97177 
97180 
97182 
97i85 
97i87 
97190 

9'9  • 
97318 

973*1 
973*3 
97326 
973-8 
97331 
97333 
97336 
97338 
97341 

9'9 

97465 

97468 

97470 

97473 

97475 

97477 

97480 

9748* 
97485 
97487 

99 
97608 
97611 
97613 

97615 
97618 
97620 
97622 
97625 
976*7 
97619 

99 

97747 
97749 
9775* 
97754 
97756 
97758 
97761 
97763 
97765 
97767 

• 
1 
2 
3 
4 
A 
6 
7 
8 
0 

96202 
96205 
96208 
96211 
96214 
96217 
96220 
96223 
96226 
96229 

96377 
96380 

96383 
96386 

96389 
96392 

96395 
96398 
96401 
96403 

96549 
96552 

96554 
96557 
96560 

96563 
96566 

96569 
96571 

96574 

96716 
96719 
96722 
96724 
96727 
96730 
96733 
96735 
96738 

96741 

96879 
96882 
96884 
96887 
96890 
96892 
96895 
96898 
96900 
96903 

9/038 
97040 

97043 
97046 
97048 
97051 

97054 
97056 

97059 
97061 

97193 
97195 
97198 
97200 
97*o3 
97*o5 
97208 
97210 
97*13 
97*15 

97343 
97346 
97348 
97351 
97353 
97355 
97358 
9736o 
97363 
07365 

97489 
9749* 
97494 
97497 
97499 
97501 
97504 
975o6 

97509 
975ii 

97632 

97634 
97636 

97639 
97641 

97643 
97646 
97648 
97650 
97653 

97770 
9777* 
97774 
97776 
97779 
977*i 
97783 
97786 
97788 
9779° 

10 
II 
12 
13 
14 
U 
18 
17 
18 
10 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 
15 

96232 

9^*34 
96237 
96240 

96246 
96249 
96252 
96255 
96258 

96406 
96409 

96412 

96415 
96418 
96421 
96424 
96426 
96429 
96432 

96577 
96580 

96583 
96585 
96588 
96591 
96593 
96597 
96599 
96602 

96743 
96746 
96749 
9675* 
96754 

vf7IZ 
96760 

96763 

96765 

96768 

96906 
96908 
96911 

96916 
96919 
96922 
96924 
96927 
96930 

97064 
97067 
97069 
97072 
97074 

97077 
97079 
97082 
97085 
97087 

97*18 
97220 
97223 
97226 
97**8 
97*3i 
97*33 
97*36 
97238 

97*41 

97368 
97370 
97373 
97375 
97378 
97380 
97383 
97385 
97387 
97300 

97513 
97516 

97518 
97521 

975*3 
975*5 
975*8 
97530 
9753* 
97535 

97655 
97657 
97660 
97662 
97664 
97667 
97669 
97671 
97673 
97676 

9779* 
97795 
97797 
97799 
978oi 
97804 
97806 
97808 
97810 
97813 

28 
21 
22 
23 
24 
25 
28 
27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

96261 
96264 
96267 
96270 
96273 
96276 
96279 
96281 
96284 
96287 

96435 
96438 
96441 
96444 
96447 
96449 
96452 

96455 
96458 

96461 

96605 
96608 
96611 
96613 
96616 
96619 
96622 
96625 
96627 
96630 

96771 

96774 
96776 

96779 
96782 

96784 
96787 
96790 
96792 
96795 

96932 

96935 
96938 
96940 

96943 
96946 
96948 
96951 

96954 
96956 

97090 
9709» 
97095 
97098 
97100 
97103 

97io5 
97108 
97111 
97H3 

97*43 
97246 

97*48 
97*51 
97*53 
97*56 
97*58 
97261 

97266 

9739* 
97395 
97397 
974oo 
97402 

97405 
97407 

97409 
9741* 
974H 

97537 
97540 
9754* 
97544 
97547 
97549 
9755* 
97554 
97556 
97559 

97678 
97680 
97683 
97685 
97687 
97690 
97692 
97694 
97697 
97699 

97815 
97817 
97819 
97822 
97824 
97826 
97828 
97830 
97833 
97835 

3C 
31 
32 
33 
34 
35 
3€ 
37 
3*1 
3J 

to  0 

15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

96190 
96293 
96296 
96299 
96302 
96305 
96308 
96311 
063 14 
1,6317 

96464 

96467 
96469 
96472 

96475 
96478 
96481 

96484 
96487 
96489 

96633 
96636 
96638 
96641 

96644 
96647 
96650 
96652 

96655 
96658 

96798 
96801 
96803 
96806 
96809 
96812 
96814 
96817 
96820 
96822 

96959 
96962 
96964 
96967 
96970 
96972 

96975 
96978 
96980 
96^83 

97116 
97118 
97121 
97124 
97126 
97129 
9/131 
97134 
97136 
97139 

97268 

97271 

97*73 
97*76 
97278 
97281 
97283 
97286 
97288 
97*91 

97417 
97419 
974** 
974*4 
974*6 
974*9 
97431 
97434 
97436 
97439 

97561 
97563 
97566 

97568 

97570 
97573 
97575 
97578 
9758o 
97582 

97701 

97703 
97706 

977o8 
977io 
97713 
97715 
97717 

97719 

97722 

97837 
97839 
97842 
97844 
97846 
97848 
97850 

97853 
97855 
97857 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
90 
45 

96319 
^63*2 
06325 
96328 
96331 
9^34 
96337 
96340 

96346 

96492 

96495 
96498 

96501 

96504 

96506 

96509 
96512 
96515 
96518 

96661 
96664 
96666 
96669 
96672 
96675 
96677 
96680 
96683 
96686 

96825 
96828 
96831 
96833 
96836 

96839 
96841 
96844 
96847 
96849 

96985 
96988 
96991 
96993 
96996 

96999 
97001 
97004 
97006 
97009 

97H1 
97144 
97147 
97H9 
9715* 
97154 
97157 
97159 

97165 

97*93 
97*96 
97*98 
97301 

97303 
97306 
97308 
973H 
97313 
97316 

97441 
97444 
97446 
97448 
9745« 
97453 
97456 
97458 
9746o 
97463 

97585 
97587 
97589 
9759* 
97594 
97596 
97599 
97601 
97603 
97606 

977*4 
977*6 
977*9 
97731 
97733 
97736 
97738 
9774° 
9774* 
97745 

97859 
97862 
97864 
97866 
97868 
97870 
97873 
97875 
97877 
97879 

50 
51 
52 
53 
54 
65 
58 
57 
58 
59 
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TABLE  69 


LOO.  8IN8  SQUARE 

172° 

173° 

174° 

0. 

0' 

16' 

30' 

46' 

ir 

16' 

3* 

46' 

0'  j  16T 

30' 
11*38- 

u»28- 

11*29- 

11*30- 

11*31- 

11*32- 

11*33* 

11*34- 

11*36- 

ll*36-|ll*37- 

0  0 
16 
30 
46 

1  0 
16 
30 
46 

1  0 
16 

9*9 
97881 

9?*«4 
97886 
97888 
97890 
97893 
97895 
97897 
97899 
97901 

9'9 

98013 

98014 

98016 

98018 

98010 

9«<»3 
98015 
980*7 
98019 
98031 

9*9 
98138 

98140 
98141 

98i44 
98146 
98149 
98151 
98153 
93i55 
98157 

99 

98160 

98161 

98164 

98166 

98168 

98270 

98171 

98174 

98176 

98178 

99 

98378 

98380 

98382 

98384 

98386 

98388 

98390 

98392 

953$ 
98396 

99 
98491 

98494 
98496 

98498 
98500 
98501 
98503 
98505 

98507 
98509 

99 

98601 

98604 

98605 

98607 

98609 

9861 1 

98613 

98614 

98616 

98618 

99 

98707 

98709 

98711 

98713 

98714 

98716 

98718 

98719 

98711 

98713 

9*9 

98809 

98810 

98811 

98814 

98815 

98817 

98819 

98810 

98811 

98824 

99 
98906 
98908 
98909 

98911 
98912 
98914 
98916 
98917 
98919 
98920 

9'9 

98999 

99001 

99002 

99004 

99005 

99007 

99008 

99010 

9901 1 

99013 

e 

1 

t 
3 
4 

6 
6 
7 

• 
9 

30 
46 

3  0 

16 
30 
4> 

4  0 
16 
30 
46 

979°4 
97906 
97908 
97910 
979" 
97915 
979»7 
97919 
97911 
979*3 

98033 
98036 
98038 
98040 
98041 

98044 
98c  46 
98048 
98050 
98051 

98159 
98 16 1 
98163 
98165 
98167 
98169 

98171 
98173 

98175 

98177 

98180 
981S2 

98184 
98186 
981S8 
98190 
98292 

98if4 
98296 
98208 

98398 
98400 
98402 
98403 
98405 
98407 
98409 
9841 1 

98413 
98415 

9*5'i 
98513 
985H 
98516 

98518 
98520 
98511 

985*4 
98526 

085*7 

98620 
98621 
9S613 
98625 

08617 
98619 
98630 
98631 
98634 
98636 

98715 
987*6 
98728 
98730 
98731 
98733 
98735 
98736 

98738 
98740 

98825 
98827 
98829 
98830 
98832 
98834 
9f835 
9*837 
98838 
98840 

98911 
98923 

989*5 
98916 
98918 
98930 
98931 
98933 
98934 
98936 

99014 
99016 
90017 
99019 
99020 
990*1 
09013 
990*5 
990*7 
99018 

10 
11 
12 
13 
14 
16 
It 
17 
18 
13 

6  0 
16 
30 
46 

•  0 
16 
30 
46 

7  • 
16 

97916 
979*8 
97930 
9793* 
97934 
9793* 
97939 
9794* 
97943 
97945 

98054 
98057 
98059 
98061 
98063 
98065 
98067 
98069 
98071 
98074 

98179 
98181 
98183 
98186 
98188 
98190 
98191 

98196 
98198 

98300 
9S30* 

983'  * 
98316 
98308 
98  j  10 
98312 

98314 
98316 
98318 

98417 
98419 
98411 
98411 

984*4 
98416 
984*8 

98430 
98431 

98434 

985*9 
98531 
98533 
98535 
98537 
98539 
98540 
98542 

08546 

98637 
98639 
98641 
98643 

98644 
98646 
98648 
98650 
98651 
98653 

9874* 
98743 
98745 
98747 
98749 
98750 
98752 

98753 
98755 
98757 

98841 

98843 
98845 

98847 
98848 
98850 
98851 
98853 

9$ 

98938 

98939 
98941 
9894a 

98944 
98945 
98947 
98948 
98950 
98951 

090*9 

9903« 

99032 

99034 
99035 
99037 
99038 
99040 
99041 
99043 

28 

21 
22 
23 
24 
26 
28 
27 
28 
23 

30 
46 

•  0 
16 
30 
46 

3  0 
16 
30 
46 

979t7 
97949 
9795* 
97954 
97956 
9795* 
97960 
97961 
979*5 
97967 

98076 
98078 
98080 
98081 
98084 
98086 
98088 
98090 
98091 
98094 

98100 
98202 
98204 
98206 
98208 
98*10 
98212 
98214 
98216 
98218 

98320 
98322 
98324 
98326 
983*8 
98330 
98332 

98334 
98336 
98338 

98430 
98438 
98440 
9844* 
98443 
98445 
98447 
98449 
9845' 
98453 

98548 
98549 
9855" 
98553 
98555 
98557 
98558 
98560 
98562 
98564 

98655 
98658 
98659 
98660 
98661 
98664 
98666 
98667 
98669 
98671 

98759 
98760 
98762 
98764 
98765 
98767 
98769 
98770 
98771 
98774 

98858 
98860 
98861 
98863 
98864 
98866 
98868 
98870 
98871 
98871 

98953 
98955 
98956 

98958 

98959 
98961 
98962 
98964 
98965 
98967 

99044 
99046 

99047 
99048 
99050 
9905* 
99053 
99054 
99056 

99057 

30 
31 
38 
33 
34 
36 
36 
57 
38 
33 

10  0 
16 
30 
46 

11  0 
16 
30 
46 

13  0 
16 

97969 
97971 
97973 
97975 
97977 
97980 

9798i 
97984 
97986 
97988 

98097 
98099 
98 101 
98103 
98105 
98108 
9810^ 
98111 
98113 
98115 

98220 
98222 
98224 
98226 
98228 
98230 
98*32 
98234 
98236 
98238 

98340 
9834* 
98343 
98345 
98347 
98349 
9835» 
98353 
98355 
98357 

9H55 
98456 

9MS 
98460 

98461 

98464 

98466 

98468 

98470 

98471 

98566 
98568 

98569 
98571 

98573 
98575 
98577 
98579 
98580 
98582 

98673 
98674 
98676 
98678 
986*0 
9*6*1 

98683 
98685 

98687 
98688 

98775 
98777 

9l7l9 
98781 

98781 

98784 

98786 

98787 

98789 

98791 

98874 
98876 

98877 
98879 
98881 
98882 
98884 
98885 
98887 
98888 

98969 
98970 

98971 
98973 
98975 
98976 
98978 

98979 
98981 

98931 

99059 
99060 
99062 
99063 
99065 

99068 
99069 
99071 
9907* 

48 

41 
42 
43 
44 
46 
48 
47 
48 
49 

30 
46 

13  0 
16 
30 
45 

14  0 
16 
SO 
46 

9799° 
97993 
97995 
97997 
97999 
98001 
98003 
98006 
98008 
98010 

981 17 
98110 
98111 
98124 
98116 
98118 
08130 
9*131 
98134 
98136 

98240 
98242 
9**44 
98*46 

98148 
98150 
98151 

98i54 
98156 
98158 

98359 
98361 
98363 
98365 
98367 
98369 
98371 
98373 
98375 
98376 

98473 
98475 
98477 
98479 
98481 
98483 
98485 

98487 
98488 
98490 

98584 
98586 
98588 
98589 
98591 
98593 
98595 
98596 

98598 
98600 

98690 
98691 
98094 
98695 
98697 
98609 
98701 
98701 

98704 
98706 

9879* 
98794 
98796 
98797 
98799 
98800 
98801 
98804 
98805 
98807 

98890 
98892 
98893 
98895 
98S96 
98898 
98900 
98901 
98903 
98904 

989*4 
98985 

98987 
98989 
98990 
98991 
98993 
98995 
98996 

98998 

99074 
99075 
99076 

99078 
99079 
99081 
99081 

990*4 
99085 

99o*7l 

50 
61 
62 
88 
64 
68 
88 
67 
68 
68 

sec   r  r  3*  4-  6*  c  7*  r  r  ir  ir  ir  lr  w  16* 

P.  2.  Parts  oooiiiiiiiiiii* 

TABLE  69 

891 

LOO.  SINS  8QUARK 

174° 

175° 

176° 

177° 

t. 

45' 

0' 

16' 

30' 

45' 

0' 

16'  1  30* 

45' 

if 

15' 

11*38- 

11*40- 

11*41- 

11*42- 

11*43- 

11*44- 

11*45- 

11*46- 

11*47- 

11*48" 

11*49- 

•  i' 
16 
39 
45 

1  0 
15 
36 
45 

9  0 
15 

9'9 

99088 

99089 

99091 

9909* 

99°94 

99«95 

99°97 

99098 

99100 

99101 

99 

99173 

99174 

99176 

99177 

99178 

99180 

99181 

99183 

99184 

99185 

9*9 
99*54 
99*55 
99256 

99*57 
99*59 
99260 
99261 
99263 
99264 
99265 

9'9 

99330 

99331 

99333 

99334 

99335 

99336 

99337 

99339 

99340 

99341 

9*9 
99402 

99404 
99405 
994o6 

99407 
99408 

99409 
994» 
9941* 
99413 

99 

99471 

9947* 

99473 

99474 

99475 

99476 

99477 

99478 

99479 

9948i 

99 

99535 

99536 

99537 

99538 

99539 

99540 

99541 

9954* 

99543 

99544 

99 

99595 

99596 

99597 
99598 

99599 
99600 
99600 
99601 
99602 
99603 

99651 
99651 
99652 

99653 
99654 
99655 
99656 

99657 
99658 
99659 

9'9 

99702 

99703 

99704 

99705 

99706 

99706 

99707 

99708 

99709 

99710 

99 

9975o 

99751 

9975« 

9975* 

99753 

99754 

99754 

99755 

99756 

99757 

0 
l 
t 
3 

4 
6 
• 
7 
8 
9 

30 
45 

I     0 
15 
30 
45 

4  • 
15 
30 
45 

99103 
99104 
99105 
99107 
99108 
99110 
99111 
99113 
99114 
991 15 

99187 
99188 
99189 

99191 
99192 

99193 
99195 
99196 

99197 
99199 

99267 
99268 
99269 
99270 
99272 
99*73 
99*74 
99276 

99*77 
99279 

9934* 
99344 
99345 
99346 
99347 
99349 
99350 
99351 
9935* 
99353 

994H 
994M 
99416 
99418 

99419 
99420 

994*1 
99422 

994*3 
994*4 

99482 

99483 
99484 
99485 
99486 

99487 
99488 

99489 
99490 
99491 

99545 
99546 
99547 
99548 
99549 
99550 
99551 
9955* 
99553 
99554 

99604 
99605 
99606 
99607 
99608 
99609 
99610 
9961 1 
99612 
99613 

99659 
99660 
99661 
99662 
99664 
99664 
99665 
99666 
99666 
99667 

99711 
99711 
99712 
99713 
997H 
99715 
99715 
99716 
99717 
99718 

99757 
99758 

99759 
9976o 
99760 
99761 
99762 

99763 
99763 
99764 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 

0  0 
15 
30 
45 

•  0 
15 
30 
45 

1  o 

15 

99117 
991 18 
99120 

99**1 
99123 

991*4 
99"5 
991*7 
99128 
99130 

99200 
99202 
99203 
99204 
99206 
99207 
99208 
99210 

99*ii 
99212 

99280 
99281 
99282 
99283 
99285 
99286 
99287 
99288 
99290 
99291 

99355 
99356 
99357 
99358 
9936o 
9936i 
99362 

99363 
99364 
99366 

994*6 
994*7 
99428 

994*9 
99430 
99431 
99433 
99434 
99435 
99436 

9949* 
99494 
99495 
99496 
99497 
99498 

99499 
99500 

995oi 
99502 

99555 
99556 
99557 
99558 

99559 
99560 
99561 
99562 
99563 
99564 

99614 

99615 
99616 

99617 
99618 
99618 
99619 
99610 
99621 
99622 

99668 
99669 
99670 
99671 
99672 
99673 
99673 
99674 
99675 

99676 

99719 
99719 
99720 

997*1 
99722 

997*3 
997*3 
997*4 
99725 
99726 

99765 
9976§ 
99766 

99767 
99768 
99768 
99769 
9977° 
99771 
99771 

20 
21 
22 
23 

24 
2t 
20 
27 
28 
29 

30 

45 

i  0 

15 
30 
45 
t  0 
15 
30 
45 

99131 
99132 
99134 
99135 
99137 
99139 
99140 
99141 
99142 
99144 

99214 
99215 
99216 
99218 
99219 
99220 
99222 

99**3 
99224 
99226 

99292 
99*94 
99*95 
99296 

99*97 
99*98 
993C0 
99301 
99303 
993°4 

99367 
99368 
99369 
99370 
99372 
99373 
99374 
99375 
99376 
99378 

99437 
99438 

99439 
99440 

9944* 
99443 
99444 
99445 
99446 

99447 

99503 
99504 
99505 
99506 

99507 
99509 

995io 
995" 
99512 

995'3 

9956} 
99566 

99567 
99568 

99569 
99570 
99571 
9957* 
99573 
99574 

996*3 
99f*4 
996*5 
99626 

996*7 
99628 
99629 
99630 
99631 
99631 

99677 
99678 
99679 
99680 
99680 
99681 
99682 
99683 
99684 
99685 

997*7 
997*7 
997*8 

997*9 
99730 
99731 
99731 
9973* 
99733 
99734 
99734 
99735 
99736 
99737 
99737 
99738 
99739 
99740 
9974' 
99741 

99772 
99773 
99773 
99774 
99775 
99776 
99776 

99777 
99778 
99779 

36 
31 
32 
33 
34 
36 
38 
»7 
88 
30 
40 
41 
42 

a 
44 

45 

48 
47 

48 
49 

10  0 

15 
30 
45 

11  0 
15 
10 
45 

It  0 
16 

99H5 
99146 
99148 
99149 

99151 
99152 

99'53 
99155 
99156 
99158 

99**7 
99228 

99*3° 
99*31 
99232 

99*34 
99*35 
99236 

99238 
99239 

99305 
99306 
99308 

99309 
993io 

993" 
9931* 
993H 
99315 
99316 

99379 
99380 
99381 
99382 
99384 
99385 
99386 

99387 
99388 
99389 

99448 
99450 
99451 
9945* 
99453 
99454 
99*55 
994.56 

99457 
99459 

995H 
99515 
99516 

99517 
99518 

99519 
99520 
99521 
99522 
995*3 

99575 
99576 
99577 
99578 
99579 
9958o 
9958i 
99582 

99583 
99584 

99632 
99633 
99634 
99635 
99636 

99637 
99638 

99639 
99640 

99641 

99686 
99686 
99687 
99688 
99689 
99690 

99691 
99692 
99692 
99693 

99779 
9978o 
99781 
9978i 
99782 
99783 
99784 
99784 
99785 
99786 

30 
45 

13  0 
16 

30 
45 

14  0 
15 
30 
45 

99»59 
99160 
99162 
99163 

59166 
99167 
99169 
99170 
99172 

99240 
99242 
99*43 
99*44 
99246 

99*47 
99248 
99250 
99*5i 
99*5* 

99318 
99319 
99320 
99311 
993*3 
993*4 
993*5 
99316 

993*8 
993*9 

99391 
99392 

99393 
99394 
99395 
99397 
99398 

99399 
99400 

99401 

99460 
99461 
99462 
99463 
99464 
99465 
99466 

99467 
99469 
99470 

995*4 
995*5 
995*6 
995*7 
995*9 
9953° 
99531 
9953* 
99533 
99534 

99585 
99586 
99587 
99588 

99589 
99590 

99591 
99592 

99593 
99594 

99642 
99642 
99643 
99644 
99645 
99646 
99647 
99648 
99649 

99650 

99694 
99695 
99696 
99697 
99697 
99698 
99699 
99700 
99701 
99702 

9974* 
99743 
99744 
99744 
99745 
99746 
99747 
99748 
99748 
99749 

99786 

99787 
99788 
99788 
99789 
9979° 
99790 

99791 
9979* 
99793 

60 
61 
69 
63 

54 
66 

60 
67 
68 
69 
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KOG.  SINK  SQUARE 

177° 

178° 

179° 

s. 

30* 

45' 

0' 

w 

11*54- 

45' 

0' 

15' 

JO 

45' 

11*50" 

11*51- 

11*52- 

11*53- 

11*55- 

11*56- 

1W«  11*58- 

11*  69" 

/  It 

0  0 
15 
30 
45 

1  0 
45 
30 
45 

8  0 
15 

9'9 

99793 

99794 

99795 

99795 

9979* 

99797 

99797 

99798 

99799 

99799 

99 

99833 

99833 

99834 

99834 

99835 

99836 

99836 

99837 

99838 

99838 

99 

99868 

99868 

99869 

99869 

99870 

99870 

99871 

99871 

99871 

99873 

9.9 

99899 
99899 
99900 
99900 
99901 
99901 

99901 
99902 

99903 
99903 

99926 
99926 
99926 
99927 

999*7 
99928 
99928 
99928 
99929 
09929 

99 

99948 

99949 

99949 

99949 

°995° 
99950 

99950 
9995" 
9995' 
9995' 

9'9a 
999*7 

99967 
999*7 
999*8 
999*8 
999*8 

999*9 
99969 
99969 
999*9 

9*9 
99981 

99982 
9998i 
99981 
99982 
99981 
99983 
99983 
99983 
99983 

9*9 

9999* 

99992 

99992 
9999* 
99992 
99992 
99993 
99993 
99993 
99993 

9999998 
9'9999?8 
9999998 
9-999998 
9*999998 
9999998 
9999998 
9099998 
9*999998 
9999998 

• 
1 

2 
3 
4 
5 
6 
7 
8 
8 

30 
45 

3  • 

15 

30 
45 

4  0 
15 
30 
45 

99800 
99801 
99801 
99802 

99803 
99804 
99804 
99805 
99806 
99806 

99839 

99839 
99840 

99841 
9984« 
99841 
99841 
99843 
99844 
99844 

99873 
99874 
99874 
99875 
99875 
99876 
99876 
99877 
99877 
99878 

99903 

999°4 
99904 
99905 
99905 
99906 
99906 
99907 
99907 
99908 

99930 
99930 
99930 

9993' 
9993" 
9993* 
99932 
9993* 
99933 
99933 

99951 
99952 
99952 
99953 
99953 
99953 
99954 
99954 
99954 
99955 

99970 

99970 
99970 

99970 
99971 
9997' 
9997' 
99971 
99972 
99972 

99983 
99984 
99984 
99984 
99984 
99984 
99985 
99985 

99985 
99985 

99993 
99993 
99993 
99993 
99994 
99994 
99994 
99994 
99994 
99994 

9*999998 
9099998 

9999999 

9999999 

9*999999 

9*999999 
9-999999 

9999999 
9*999999 
9*999999 

10 

11 

12 
13 
14 
15 
18 
17 
18 
18 

ft  0 
15 
30 
45 

8  0 
15 
30 
45 

7  o 

15 
30 
45 

8  0 
15 
30 
45 

t  0 
15 
30 
45 

09807 
99808 
99808 

99809 
99810 
99810 
99811 
99811 
99S12 
99813 

99845 
99845 
99846 

99846 
99847 
99848 
99848 

99849 
99849 
99850 

99878 

99879 
9988o 
99880 
99881 
99881 
99881 
99881 
99883 
99883 

99908 
999o8 
99909 
99909 
99910 

999'° 
999* 
999" 
999i* 
99911 

99934 
99934 
99934 
99935 
99935 
9993* 
9993* 
9993* 
99937 
99937 

99955 
99955 
9995* 
9995* 
9995* 
99957 
99957 
99957 
99958 
90058 

9997* 
99972 

99973 

99973 

99973 

99973 

99974, 

99974 

99974 

99974 

99985 
99985 
99986 
99986 
99986 
99986 
99986 

99987 
99987 
99987 

99994 
99994 
99994 
99994 
99995 
99995 
99995 
99995 
99995 
99995 

9*999999 
9*999999 
9*999999 
9*999999 
9*999999 
9*999999 
9*999999 
9*999999 
9*999999 
9*999999 

28 
21 
22 
23 
24 
2ft 
26 
27 
28 
29 

998M 
99814 
99815 
99815 
99816 
99817 

"Vl 

99S18 

99819 
99819 

99851 
99851 

9985* 
99852 

99853 
99854 
99854 
99855 
99855 
99856 

99884 
99884 
99885 
99885 
99886 
99886 
99887 
99887 
99888 
99888 

999»3 
99913 
999'4 
999*4 
999 '4 
999*5 
999'5 
99916 
99916 
999*7 

99937 
99938 
99938 
99939 
99939 
99939 
99940 
99940 
99940 
99941 

99958 

99958 

99959 

99959 

99959 
99960 

999*o 
99960 
99961 
99961 

99975 
99975 
99975 
99975 
99976 
99976 
99976 
99976 
99977 
99977 

99987 
99987 

99988 
99988 
99988 
99988 
99988 
99988 
99989 

99995 
99995 
99996 
99996 
99996 

9999* 
09996 

9999* 
9999* 
99996 

9*999999 
9*999999 
9*999999 
9*999999 
9*999999 
10000000 

lO'OOOOOO 
lO'OOOOCO 

10*000000 

lO'OOOOOO 

30 
31 
32 
33 

34 
35 
36 
37 
38 
38 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

99820 

99821 

99821 

99822 

99822 

99823 
99824 
99814 
99815 

99826 

99856 
99857 
99858 
99858 
99859 

99859 
99860 
99860 
99861 
99862 

99889 
99889 
99890 
99890 
99891 
99891 

99891 
99892 

99893 
99893 

999'7 
99918 
99918 
99918 
99919 

999'9 
99920 
99920 
99920 
99921 

9994« 
99942 
99942 
99942 
99943 
99943 
99943 
99944 
99944 
99944 

99961 
99961 
99962 
99962 
99962 
999*3 
999*3 
99963 

999*4 
999*4 

99977 
99977 
99977 
99978 
99978 
99978 
99978 
99979 
99979 
99979 

99989 
99989 
99989 
99989 
99989 
9*99° 
9999° 
9999° 
9999° 
9999° 

99996 
99996 
99996 
99997 
99997 
99997 
99997 
99997 
99997 
99997 

lO'OOOOOO 

10*000000 

lO'OOOOCO 
10*000000 
lO'OOOOOO 

10-ooocco 

lO'OOOOOC 
lO'COOOOO 
lO'COOOOO 

lO'OOOOOO 

40 
41 
42 
43 
44 
45 
46 
47 
48 
40 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

99826 

99817 
99817 

99828 

99819 
99829 

99830 
99831 
99831 
99832 

99862 
99863 
99863 
99864 
99864 

99865 
99865 
99866 
99S66 
99867 

99894 
99894 
99895 
99895 
99896 
99896 
99897 
99897 
99898 
99868 

99921 

999** 
99922 

99913 
999*3 
99913 
999H 
999H 
999*5 
99915 

99945 
99945 
9994* 
9994* 
9994* 
99947 
99947 
99947 
99948 
99948 

999*4 
999*4 
99965 

999*5 
999*5 
99966 
99966 
99966 
99966 
99967 

99979 
99979 
99980 
99980 
9998o 
99980 
99981 
99981 

99981 
99981 

99990 

99990 
99991 
99991 
99991 
99991 
99991 
99991 
99991 
99992 

99997 
99997 
99997 
99997 
99997 
99998 
99998 
99998 
99998 
99998 

10*000000 

lO'OCOOOC 

10*000000 
10*000000 
10*000000 
10*000000 

lO'OOOOOO 

10*000000 
10-000000 

lO'COOOOO 

50 
51 
52 
53 
54 
5ft 
56 
57 
58 
58 

—  ■ 
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LOGARITHMS 

FOR  COMPUTING  TUB  REDUCTION  TO  THE  MERIDIAN,  AT  SEA. 

Part  I.  Latitude  and  Declination  of  the  mme  name. 

Ut. 

Dec  li  hat  ion. 

Ut. 

0°    ]     1° 

2° 

& 

4° 

5° 

6° 

r 

8° 

9° 

10° 

11° 

0° 

1 

2 
3 

4 
6 
• 
7 
ft 
9 

«*359 
1*279 
ran 
1153 

I'lOI 

1358 
1-278 
1*211 
1*152 

•'357 
1-277 
1*209 

1*356 
1-276 

"'354 

••359 

1*279 
1-358 

1*212 

I*278 

••357 

1153 
1*211 

1*277 
1*356 

I'^OI 

1*151 
1*109 
1*276 
i'354 

1*055 
1-100 

1*151 

!'208 

1274 
1*352 

1*012 

1-053 
1*098 
1149 

1*2C6 

1*272 

» 350 

0° 

1 

2 

3 
4 
6 
8 

7 
8 

9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
22 
24 
26 
28 
27 
28 
2*1 

105  K 

roii 

o*974 
0-938 
0904 
0-873 
0-844 
0-816 
0-789 
0764 

I'lOO 

1-053 

1-011 

0-972 
0936 

0-902 
0*871 
0*841 

0813 

0-787 

1*151 

1-098 
1*051 

1*009 
0*970 
0934 
0*900 
o*868 
0*839 
0-811 

1*208 

1 149 
1*097 
1*049 
1*007 
0-967 
0931 
0897 
0*866 

0*836 

1*274 
1-206 

1147 
1094 
1-047 

1*004 

0-965 

0*928 

0*895 
0*863 

1  351 

1  272 
1*204 
1*145 
1*092 

1-045 

1*002 
0*962 
0*925 
0*891 

1-350 
1*270 
1*201 
1-142 
1*089 
1*041 
0-999 
0-959 
0*922 

1*348 
1*267 
1199 
1*139 
ro86 
1*039 

°*995 
0956 

1*345 

1*264 
1*196 
1*136 
1*083 
1-035 
0*992 

1342 
1*261 
1193 
1133 
1*080 
1*032 

»*339 
1*258 
1*189 
i- 119 
1*076 

1336 

»**54 
1-185 
1*115 

10 
11 
12 
13 
14 
16 
18 
17 
18 
19 

0-740 
0-717 
0-695 
0-673 
0*652 
0-632 
0-613 
°*594 
o*575 
o-557 

0-761 
o-737 
0*714 
0-691 
0*670 
0649 
0*629 
0*609 
0-590 
0-571 

0*784 
0758 

o-734 
0*710 
0688 
0666 
0*645 
0-625 
0*605 
0*586 

0-807 
0-781 

°-755 
0-730 
0-707 
0-684 
0*662 
0-641 
0*620 
c*6oo 

0833 

0*804 

0777 
0751 
0*717 

0*703 
o-68o 
0-658 
0-637 
oa6i6 

C859 
0*829 

o*8oi 
0773 
0*747 
0723 
0*699 
0*676 
0*653 
0-632 

o*888 
0*856 
0-825 
0*797 
0-769 
0-743 
0-718 
0694 
0*671 
0*649 

0919 
0*884 
0*852 
0821 
0*793 
0*765 
0739 
0*714 
0-689 
o*666 

0-952 
0-915 
o-88o 
0-848 
0-817 
0-788 
0-760 
0734 
0*709 
0-684 

0*988 
0*948 
0*911 
0*876 
0*844 
0*813 
0*783 
0*756 
0*729 
0*703 

1*018 
0*984 
0*944 
o*oc6 
0*871 
0-839 
0-808 
0-778 
0-750 
0-724 

0*698 
0673 
0649 
0-626 
0*604 
0*582 
0*560 
0*540 
0*519 
o*499 

1-072 
1*023 
0*980 
0939 
0*902 
0-86-- 
0834 
0*803 
0773 
0*745 

20 
21 
22 
23 
24 
25 
28 
27 
28 
29 

38 
31 
32 
33 
34 
.'15 
38 
37 
38 
39 

0540 
0-522 
0-505 
0-489 
0-472 
0-456 
0-440 
0-424 
0*408 
0-393 

°*553 
°*535 

0-518 
0-500 
0483 
0-467 
0-450 

o*434 
0*418 
0*402 

0*567 
0548 
0*530 
0*513 
0495 
0-4/8 
0-461 

o'445 
0*428 
0*412 

0*581 
0-562 

^'543 
0-525 
0*507 
0-489 

0*472 

o'455 
0*438 
0-421 

0*596 

0*576 

o'557 
0*538 
0519 
0*501 
0*484 
0*466 
0449 
0431 

o*6n 
0*591 
0-571 
0-5*1 
0*532 
0-514 

0-495 
0*478 
0*460 
o*W* 

0*627 
0*606 

o*-;85 

°'565 
0-546 
0-526 
0508 
0489 
0-471 
o*453 

0643 
0*611 
o*6oo 
0*580 
0*559 
0540 
0*510 
0*501 
0-482 
0*464 

0*661 
0*638 
o-6i6 

°*594 

0*574 

o'553 
o'533 
0-514 

°*494 

o'475 

0679 
0*655 
0-632 
0*610 
0*588 
0*567 
0-54? 
0*526 
0-507 
0-487 

0-718 
0*692 
0*667 
0*643 
0-620 
0*597 
o*575 
o*553 
0*531 
0*512 

30 
31 
32 
83 
34 
86 
38 
37 
38 
30 

40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

50 
51 
52 
53 
54 
55 
&8 
57 
58 
59 

0-377 
0*362 

°*347 
0*331 
0-316 
0*301 
0-286 
0-271 
0-255 
0*240 

0*386 

0*371 

°*355 
0-340 
0-324 
0*309 
0293 
0*278 
0-262 
0-247 

0*396 
0*380 
0*364 
0-348 
0-331 
0*316 
0-301 
0-285 
0*269 
0-154 

0*405 
0-389 

o'373 
0356 
0-340 
0*324 
0-308 
0*291 
0*176 
0*260 

0415 
0398 
0*381 
0*365 
0*349 

°*333 
0*316 
0-300 
0*184 
0-167 

0*425 
0*408 
0*391 
o'374 
°"357 
0341 
0*324 
0*308 
0*291 
0*275 

0'435 
0-418 
0*400 
0*383 
0-366 
0349 
0*332 
0*315 
0-299 
0-282 

o*447 
0*418 
0-410 
0393 

°*375 
0-358 
0341 
0*313 
0-306 
0*189 

o'457 
0-438 
0*420 
0*402 
0*384 
0*367 

°*349 
0*331 
0314 
0*297 

0-468 

0449 
0431 
0*412 
0*394 
0-376 
0-358 
0-340 
0-322 
0-305 

0*480 
0*460 
0441 
0*422 
0*404 
0385 
0-36/ 
0349 
0*331 
0*312 

0492 

0*472 
0452 

o*433 
0-4x4 
0395 

0-376 
0-358 

©'339 
0-311 

40 
41 
42 
43 
44 
46 
48 
47 
48 
4ft 

0  225 
0-209 
0194 
0-178 
0-162 
0-146 
0-130 
0-114 
0-097 
0  080 

0-231 
0*216 
0*200 
0-184 
0*168 
0*152 
0*135 
0-118 

O'lOO 

0*084 

0*238 

0-122 
0-206 
0*190 
0*I73 
CI57 
0*140 
0*I24 

o*io6 
0*089 

0*244 
0228 

0*212 
0*196 
0*179 
0*l62 
0*146 
0*129 

o*m 

0094 

0*151 
0-235 
0*218 

0*202 
C185 

o*i68 
0-151 
0*134 
0-116 
0-098 

0*258 
0*241 
0*225 
0*208 
0-191 
0*174 
0*156 
0*139 

0*12I 
CIO3 

0-265 . 

0-248 

0*231 

0-214 

0197 

0*179 

0*162 

0-144 

0*126 

0*108 

0*171 
0-155 
0*138 
0*120 
0*103 
0*185 
0*168 
0*150 
0*131 
0*113 

0-279 
0*262 
0244 
0-217 
0-109 
0*191 
0-173 
0-155 
0*137 
0-118 

0-187 
0-269 
0*151 
©•133 
©•215 
©•197 
0179 
o*i  60 
0*142 
0*123 

o*94 
0-276 
0*258 
0*240 
0*222 
0*204 
0-185 
0-166 
0-148 
0*128 

0-301 
0-184 
0*165 
0-247 
0*228 
©•210 
0*191 
0*172 
0153 
0134 

50 
61 
62 
63 
64 
66 
68 
67 
58 
69 

«0 
«1 
<»2 

0*062 
0045 
0-027 

0-067 
0049 
0*031 

0*071  1  0*076 
0*053 !  0*058 
0-035  |  0*039 

0*080 
0*061 
0*043 

0'08< 
0*066 
0*047 

0*090 

0*071 
0*052 

0*094 
0*075 
0  oc6 

0*099 
0*080 
0*060 

0*104 
0-085 
0-065 

0-109 
0*089 
0*069 

0*114 

0*094 

0*074 

60 
82 
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LOGARITHMS 

FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SEA. 

Part  I.  Latitude  and  Declination  of  the  same  name. 

L*. 

Dccliwatiow. 

i«t. 

13° 

13° 

I4U 

15° 

16° 

17° 

18° 

19P 

**> 

81° 

333 

t*> 

9*» 
I 

S 
3 
4 
6 
• 
7 
H 
9 

0*974 
roil 
1*051 
1-097 

1*147 
1*204 
1*270 
i-34« 

0938 
0*972 
1*009 
1049 
1094 
1*145 
1*201 
1*267 
»'345 

0*904 
0*936 
0*970 
1*007 
1*047 
1092 
1*142 
1*199 
1*264 
1342 

0873 
0*90* 

o*934 
0*967 
1*004 
1*045 
1*089 

•■'•? 

1*261 

0*844 
0*871 
0*900 
0*931 
0*965 
1*002 
1*042 
1*086 
1136 
1193 

0*816 
0*841 
0-868 
0*897 
0*928 
0*962 
0999 
1*039 
1*083 
1*133 

0*789 
0*813 

0-866 
0*895 
0*925 
o*959 
o*995 
1*035 
1*080 

0*764 
0*787 
0*811 
0836 
0*863 
0*891 
0*922 
0956 
0*992 
1*032 

0*740 
0*761 
0*784 
0*807 
0*833 
0*859 
0888 
0*919 
0*95* 
0-988 

0*717 
o-737 
o-758 

0*781  H 

O*804 

O-829 

C856 

0*884 

C9I5 

0*948 

0695 
0*714 
o-734 
o*755 
0*777 
0*801 
0-825 
0-852 
0*880 
0*911 

0-673 
0*691 
0-710 
0*730 
0*751 

0-773 
0*797 
0-821 
0-848 
0876 

9° 
1 
3 
3 

4 
5 
6 
7 

8 
9 

IV 
II 
13 
IS 
14 
1* 
18 
17 
18 

id 

1*332 
1*250 
1-181 

1*328 

1*246 

1*323 

•*339 

1258 
1336 

1*189 
1*254 
1*33* 

1*129 
1*185 
1*250 
1*328 

1*076 
1125 
1*181 
1*246 
1*323 

1-028 
1-072 
1*121 

1*177 
1*24-1 
1319 

0*984 
I*023 
1*067 
I*Il6 
1*172 

i**37 
1314 

o*944 
0*980 
1*019 
1*063 
1*112 
1*167 
1*23* 
1*308 

0*906 
o*939 
o-975 
1*014 
1-058 
1*106 
1-162 
1*226 
1-303 

19 
11 
13 
13 
14 
16 
Iff 
17 
18 
19 

21 
32 
33 
34 

35 

n 

37 
38 
39 

1*121 
1*067 
1*019 
o'975 
°#934 

°lr 

0*861 
0*828 

0*707 
0*767 

1*177 
1116 
1*063 
1*014 
0*970 
0*9*9 
0*890 
0*856 
0*823 
0*791 

1*242 
1*172 
1*112 
1*058 
roc  9 
0*965 

33 

0*850 
0*817 

1*319 

1*2|7 

1*167 
1*106 
1*052 
1*004 
0959 
0918 
o*88o 
0*844 

1*314 
i*at2 
1*162 
1*101 

1*047 
0998 
0*953 
0*912 

0*874 

1*308 
1*226 
1*156 
1095 
1*041 
0992 

o'947 
0*906 

1*303 
1*221 
••151 

1*090 
1*035 
0*986 
0*940 

1*297 
1215 
1*144 
1*083 
1*028 
o-979 

1291 

I*208 

.138 

1*076 
1*021 

1*285 
1*202 
1*131 
1069 

1178 
1195 
1-124 

1*271 
1188 

39 
31 
33 
33 
24 
35 
36 
27 
38 
39 

39 
31 
33 
33 
34 
3ft 
36 
37 
38 
39 

o*739 

0*712 
o-686 
0*661 
0*636 
0*612 

0*590 

0*568 

0*546 
0*525 

0*761 

0-733 
0*706 
0*679 
0654 
0*630 
0*606 
0*583 
0*560 
0*538 

0*785 

o-755 
©•726 
0*699 
0*672 

0*647 
0*622 
0*598 

o-575 
0*55* 

0*811 

o-779 
0*748 
0*720 
0*692 
0*665 
0*640 
0*615 
0*501 
0*567 

0*838 
0*804 
0*772 
0*742 
0*712 
0*685 
0*658 
0*632 
0*607 

0*5?2 

0*867 
0*831 

o*797 
0765 

o'734 
0*705 
0*677 
0*650 
0*624 
o'599 

0899 
0*860 
0-824 
0*790 

o-757 
0*727 
0*697 
0*669 
0*642 
0*615 

o-934 
0*892 
0*853 
0*817 
0*782 
0*750 
0*719 
0*689 
o*66i 
0*633 

0*972 

0*926 
0*885 
0*846 

0*809 

0*774 
0*742 
0*710 
0-681 
0*652 

1*014 

0*965 
0919 
0*877 
0*838 
0-801 
0*766 

o-733 
0*702 
0*67* 

1*062 

1*007 

o-957 
0*911 
0*869 
0*829 
0-792 
0*758 
0*724 
0693 

1-117 

1-055 

o*999 
0*949 

0-003 
0*861 
0-821 

0*784 
0*749 
0*715 

39 
31 
32 
33 
34 
35 
38 
37 
38 
39 

49 
41 
43 
43 
44 
45 
46 
47 
48 
49 

0*504 
0-484 
0*464 

0444 
0*424 
0*405 
0386 

0  367 

0*348 
0*329 

0*517 
0496 

o'475 
o*455 
o*435 
0415 

o*39S 
0*376 
o*357 
0*337 

0*530 

0509 
0*487 
0466 
0-446 
0*426 

0405 
0386 
0*366 
o*346 

o-544 
0*522 
0*500 

0*478 

o-457 
0436 
0*416 
0*396 
o-375 
o$55 

0559 
0*536 
0*513 
0*491 
0*469 
0*448 
0*427 

0*406 

0*385 
0*365 

o*574 
0*550 
0*527 
0*504 
0*482 
0*460 
0*438 
0*416 

o'395 
o'374 

0*590 
0*565 
0*541 
0*517 
0*494 
0*472 

o*449 
0*427 
0-406 
0*384 

0*607 
0*581 
0*556 
0532 
0*508 
0*484 
0*461 
0*439 
0*417 
0  395 

0*624 

o-597 
0*572 
0*546 
0*522 
0*498 

o-474 
0*451 
0*428 
0*405 

0*643 
0*615 
0-588 
0*562 
0*536 
0*511 
0*487 
0*463 
0*440 
0*417 

0*662 
0*633 
0*605 
o-578 
0*552 
0*526 
0*501 
0*476 
0*45* 
0*428 

0*683 
0*653 
0*623 

o*595 
0-568 
0*541 
0*515 
0*490 
0*465 
0*440 

49 
41 
43 
43 
44 
45 
48 
47 
48 
49 

50 
51 
58 
53 
54 
SB 
66 
57 
58 
59 

0*310 
0*291 
0*273 
0*254 
0235 

0-216 
0197 
0178 
0159 
0139 

0318 
0*299 
0*280 
0*261 
0*242 
0*223 
0-204 
0184 
0*164 
0*M5 

0*327 
0307 
0*288 
0*269 
0249 
0*230 
0*210 
0*190 
0*170 
0*150 

o'33S 
0*316 
0*296 
0*276 
0*257 
0*236 
0*217 
0*197 
0*176 
0*156 

o*344 
0324 
0*304 
0*284 
0*264 
0*244 

0*221 
0-203 
0*l83 
0*l62 

o'354 
o*333 
0*312 
0*292 
0*2.71 
0*251 
0*230 

0*210 
0*189 

0*168 

0*363 
0*342 
0*321 
0*300 
0*279 
0*258 
0*237 
0*216 
0195 
0*174 

o-373 
0351 
0*330 
0*309 
0*287 
0*266 
0*245 
0*223 
0*202 
0*180 

|  0*383 
0*361 
0*339 
0*317 
0*296 
0*274 
0*252 
0*131 
0*209 
0*187 

o*394 
0*371 

0349 
0*326 
0-304 
0*282 
0*260 
0*238 
0*216 
0*194 

0*405 
0*381 

o-35? 
0336 
0*313 
0*291 
o**68 
0*246 
0*223 

0*201 

0*416 
OJ9* 
0369 
0-346 
0*3*2 
o**©9 
0*277 
0*254 
0*231 
0-208 

50 
61 
62 
53 
54 
55 
56 
67 
58 
59 

60 
61 
62 

0*119 

0*099 
0*079 

0*125 
0*104 
0*084 

0*130 
0*109 
0*088 

0*135 
0115 
0093 

0*141 
0*120 
0*099 

0147 
0*125 
0*104 

0*153 
0*131 
0*110 

0*159 

0*137 
0*115 

0*165 
0*143 

0*120 

0*171 
0*149 
0*126 

0*178 

0155 

0*132 

0-185 
0-161 
0*138 

89 
61 
63 
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LOGARITHMS 
FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SEA. 

Past  L  Latitude  and  Declination  of  the  same  name. 


Declination. 

1.1 

L»t. 

94# 

95* 

96°    |    97° 

98° 

99° 

33° 

81° 

39° 

33° 

34° 

35° 

0°;  0-652 

0-632 

0*613  ;  0594 

0-575 

o-557 

o-539 

0*522 

0*50j 

0489 

0-472  i  0-456 

0" 

1    0-670 

0649 

0*629  1  0*609 

0590 

0571 

o-553 

o-535 

0*5l8     0*501 

0484 1 0467 

1 

s 

0-688 

O-666 

0*645  '  O-625 

0-605 

0*586   0567 

0-548 

0*530  j  0513 

0496 ;  0478 

9 

s 

0707 

0684 

O-662  1  0*641 

o-62I 

0*601    0*581 

0*562 

0543  ,  0*525 
0-557  ,  0*538 

0*508  j  0*490 

3 

4 

0737 

0703 

o-68o  J  0*658 

0*637 

0*616 

0596 

0576 

0*520  i  0*502 

4 

5    0747 

0723 

0*699  |  0*676 

0*654 

0*632 

0*611 

0591 

0571  j  0551 

0532  j  0514 

5 

6 

0769 

0743 

0718    0*694 

0*671 

0*649 

0*627 

0*606 

0585   0*565 

o-545    0526 

6 

7 

0793 

0765 
0788 

0739    0714 

O-689 

0666 

0*644 

0*622 

0*601    0*580 

o-559  i  0539 

7 

8 

0-817 

0760    0734 

0709 

0*684 

0*661 

0-638 

0*616    0*595 

o-574  1  0553 

8 

9 
10 

0844 
0-872 

0-813 

0783  i 

0755 
0778 

0729 
0750 

0704 

0*679 

0-655 
0*673 

0*632  j  0*610 
"0*649  "0*626 

^589^567. 
0*604    0*582 

9 

~io~ 

0839 

0-808  I 

0724    o*6,8 

11 

0-902 

0*867 

0-834 

o-i-03 

0773 

0745    0718 

0*692 

0*667  1  0*643    0*620  i  0*597 

11 

IS 

o-935 

0-897 

0-862 

0*829 

0797 

0767 

0739 

0712 

0*686  .  0*661 

0*637  |  0*613 

13 

IS 

0-970 

0-930 
0-965 

0-892 

0-857 
o*886 

0-823 

0791 

0761 

0733 

0-706  1  o*68o 

0*654    0*630 

13 

14 

1-010 

0*924 

0*850 

0817 

0-785 

0755 

0726  |  0*699 

0673   0*647 

14 

15 

1-053 

I-004 

o-959 

0-918 

0880 

0*844 

0*811 

o*779 

0749  '  0720 

0*692  .  0*665 

15 

16 

I-IOI 

1-047 

0-998  j  0-953 i 

0*911 

0*874 

o*8?8 

0804 

0772  j  0742 

0713  1  0*685 

16 

17 

1157 

1-096 

1 -041  1  0-992 

0947 

0*905 

0*867 

0831 

0797    0-765 

0735   °"*7°5 
0*758 !  0727 
0782  j  0750 
0809  0774 

17 

18 

1*222 

1-151 

1-0891  1*035 

0086 

0*940  •  0-898 

o*86o 

0*824    0790 

18 

19 

1-297 

1*216    1-145  |  1*083 

1-029 
1*076 

0580  jo -934 

0891 

0853   0817 

O^  !  0*846' 

19 
90 

90 

T-J9i" 

1*210    1 -138 

1  *022    0*973    0*927 

91 

1*285    1*203 

1131 

1*069 

1-015 

0965 

0-919 

0*877 

0-838 ,  0*800 

91 

99 

1-278 

1-196 

1124 

1-061 

1*007 

0-957 

0*911 

0*868   0829 

99 

93 

1*271 

1*189 

1-117 

1*054 

0*999 

0*949 

0-903 

0*860 

93 

94 

1*264 

1-182 

1*109 

1-046 

0*991 

o-94i 

0894 

94 

95 

1-256 

I-I73 

I'lOI 

1038 

0983    0*933 

95 

96 

1*248 

1*165  !  1-092 

1*029,0*974 

96 

97 

1*239  (  1*156  |  1*083  !  1*020 

97 

98 

1-230 

1147    1*074 

98 

99 

1*264 

1*221      1*138 

99 

3o 

,.J*2    ,.2J$  1 

1*213 

30 

SI 

1109  1 174  1-248 

31 

39 

1*046 

i-ioi  1  1*166 

1  -2  -9 ! 

39 

33 

0-991 

i*038(  1*093 

1-157 ,  1-230 

S3 

34 

0-941 

0*983    1*030 

i-o  4;  1147 

1 -22 1 

84 

35 

0-895 

o-933  !  o*974 

I*02I      1*075 

1138 

1*212 

35 

36 

0-852 

o*886  ,  0*924 

0*965  j  I*OI2 

1*065 

1  128 

I*202 

36 

37 

0-812   0843    0-877 

0-914     0955 

1*002 

1*055 

IIl8  j  1*191 

37 

38 

0775  1  0803    o-A34 

0*867  )  0-904 

0945 

0*992 

1*045  I  ,,io7 

1*181 

38 

39 

0740 

0765    0793  !  0*823 
10730,0755    0783 

,  0857 

0894 

o-935 
0883 

0*982  •  I  -034 
0*924  •  0*970 

111 

1-170 

1*086 

39 

40 

0706 

;  0*814 

0*47 

1-I58 

40 

41 

0-673  !  0-696   0719 

0745  (  0*773 

0803 

0836 

0*872  ,0*914 

I-OI2    1-075 

41 

49 

0-642 

0663  ,  0*685 

0709 

0734 

0*762 

079a 

0*825  ,  °'86i 

0*9Ol 

0947    1-000 

49 

43 

0-613 

0*632 ;  0*653 

0675 

0*698 

0723 

0751 

0781    0*813 

O849 

0*889   0*934 

43 

44 

0585 

0*602  0*621 

0*642 

0*664 

0687 

0712 

0739    0769 

o*8oi 

0837 

0877 

44 

45 

o-557 

o-574 !  0591 

0*6lO 

0631 

0*652 

0675 

0700  j  0727 

0756 

0789 

0*825 
O776 

45 

46 

0530 

0546 ,  0562 

O580 

0599 

0*619 

0*640 

0663  1 0687 

0714 

0744 

46 

47 

0504 

0519 

o-534 

0-55" 

0568 

0587 

0*607 

0*628 :  0*650 

0*675 

0701 

o-73" 

47 

48 

0478 

o*49* 

0-507 

O-522 

0'539 

0556 

o-575 

0594  0*615 

0*637 

0*662 

0688 

48 

49 
>50 

0*453 

0-428 

0-466 

0*480 

0494 

0*510 
o*487 

0526 

0*543 

0*561 1 0*581 

0*601 
0*567" 

0*624 
0*588 

0*648 
o*6io 

49 
50 

0440 

o-453 

0467 

o*497 

0513 

0530 1 0548 

51 

0403 

0*415 

0427 

0440 

o-454 

0468 

0483 

0499    0516 

0*534 

o-55J   0*573 

51 

59 

o'379 

0390 

0*402 

0414 

0427 

0440 

o-454 

0469  |  0485 

0*501 

0519 

o-53* 

59 

53 

0356 

0366 ;  0377 

0388 

0*400 

°'A1J 

0-426 

0440    0454 

0470 

0486 

0504 

53 

54 

0332 

0*342 !  0*352 

0*363 
0338 

o-374 

0-386 

o-398 

041 1  j  0*425 

0439 

o-455 

0471 

54 

55 

0308 

0*318  0328 

0*348 

0-359 

0371 

0383  !  0*396 

0*410 

0424 

0438 

55 

56 

0285 

0294 

0303 

0-313 
0288 

0*322 

o-333 

o-344 

0*356   0368 

0*380 

o-394 

0-408 

56 

57 

0*262 

0*270 

0279 

0297 

0307 

0317 

0*328  1  0-340 

0352 

0364 

0-377 

57 

58 

0-238 

0-246 

0*254 

0*263 
0*238 

0-273 

0*281 

0*291 

0-301  |  0-312 

0323 

o-335 

o*347 

58 

59 

0-215 

0*222 

0-230 

0*247 

o-*55 
0230 

0-264 
0238 

0*274 

10*284 

0257 

_oj295 
0267 

0*306 
0*277 

0317 

59 

OO 

0-191 

0*198 

0-205 

0*213 
0*188 

0*221 

0247 

0288' 

60 

61 

0-168 

0174 

0*181 

0*196 

0*204 

0*212 

0*220  (  0*229 

0238 

0248 

0*258 

61 

69 

0144 

0*150 

0*157 

0*164 

0*171 

0178 

0186 

0'194     0'202 

0'21l 

0'220 

0*229 

69 
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LOGARITHMS 

FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SKA. 

Part  II.  Latitude  and  Declination  of  contrary  Names. 

Ut. 

Declination. 

1*«. 

•° 

IJ 

9° 

3° 

4° 

8° 

C° 

r  1  8° 

9° 

18P        11° 

0" 

1 
2 
S 
4 
8 
• 
7 
8 
9 

«  359 

1*179 
rn  a 
ii53 

I'lOI 

1*360 
1*280 
1113 
1154 
1*101 
1*056 

1*360 
1*280 
1113 
1155 
1*103 
1-057 
1-015 

1*360 
1*281 
1113 
1155 
1-104 
1*058 
i*oi6 
0-977 

1*360 
1*181 
1113 
1155 
1*104 
1*058 
1*016 
0978 
o'943 

"359 
1*280 
1113 
1155 

1*104 

1*058 
1*016 
0*978 

0*943 
0*910 

1*179 
1*113 
1155 

1*104 
1-058 
1-016 
0*979 
0-943 
0-911 
0-880 

1*211 

1*1-4 

1*103 
1*058 
1*016 

0-978 
0943 

0*911 

0*881 

0*851 

1  1*153 
1*101 
1-057 
i*oi6 
0978 
0-943 
0*911 
0881 
0*851 
0*825 

1*101 
1*056 
1*015 

0-977 

°#943 
0*910 
o-88o 
0-851 
0*815 
0*800 

1*055 
1-014 
0-976 
0-941 
0*910 
o*88o 
0-852 
0-825 
0-800 
0-776 

1-012 

o-975 
0-941 
0-909 
0879 
0-851 
0-815 
0*800 
0*776 
o-754 

0 

1 
9 

3 
4 
* 

8 
7 
8 
9 

10 
11 
IS 

13 

U 
18 
Id 

17 

18 
19 

1*055 

I'OIft 

0974 

o'93* 
0-904 

0-873 

0**44 
0*816 
0-789 
0784 

1*014 

°*975 
0939 
0*906 
0*875 
0-846 
0-818 
0-791 
0-767 
o*743 

0-976 
0-941 
0907 
0*876 
0*847 
0-820 

°"794 
0-769 

o*745 
0-722 

0941 

::$ 

0849 

0*811 

0795 
0771 

o'747 
0-714 
0703 

0*910 
0*879 
0*850 
0*823 
0*797 
0*772 
0*749 
0-716 
0*705 
0*684 

0*880 
0-851 
0*824 
0*798 

o-774 
0-750 
0*728 
0-706 
o-686 
o*666 

0*851 
0-815 
0-799 

o*775 
0-751 
0*729 
0-708 
0-687 
o*668 
0648 

0*815 
o*8oo 

o*775 
0*751 
0*730 
0*709 
0*689 
0*669 
0*650 
0*631 

0-800 
0*776 

o-753 
0*731 
0-710 
0-690 
0*670 
0-651 
0633 
0*615 

0-776 

o*754 
0*731 
0*711 
0*691 
0-671 
0653 
0634 
0*617 
0*600 

o*754 
0-732 
0-711 
0*691 
0-672 
0*653 
0-635 
0-617 
0*601 
0*584 

0732 
o-jii 
0-691 
0-671 
0-654 
0-636 
0-619 
0-601 
0*586 
0-570 

10 

11 
19 
13 
14 
18 
18 
17 
18 
19 
18 
1 
29 
23 
94 
2ft 
28 
27 
28 
29 

99 
fl 
99 
93 
94 
9* 
26 

97 

98 
29 

0*740 
0-717 
0695 
0673 
0-651 
0*63* 
0-613 
°'594 
o*575 
o*557 

0*710 
0-698 
0-676 
0*656 
0-636 
0*616 
0*598 
0*579 
0-561 

o*544 

0*700 
0*679 
0659 
0-639 
0*621 
0*601 
0583 
0-565 
0*548 
0-531 

0-681 
o-66i 
0*642 
0*613 
0-604 
0586 
0569 
0*551 

o*535 
0*518 

0-664 
0*644 
0-615 
0*607 
0-589 
0*571 

o-555 
0538 
0*522 
0*506 

0-646 
o-6i8 
0*609 
0591 

o-575 
0-558 
0541 
0-515 
0-509 
0-494 

0*630 
0*612 
o-594 
«'577 
0*560 

o-544 
0*528 
0*511 
0497 
0*481 

0*614 
0-596 
0-579 
0-563 

o*547 
0-531 
0-515 
0*500 
0*485 
0-470 

0-598 
0-581 
0565 
o-549 
o*533 
0*518 
0-503 
0-488 
o*473 
o*459 

0-CS3 
0-567 
0551 

0*535 
0-510 

0*505 
0-491 
0476 
0*461 
0*448 

0-568 
o'553 
o*537 
0*521 
0*508 
0493 

o*479 
0*465 

o*45i 
o*437 

o-554 
o*539 
0-524 
0*509 

°*495 
0*481 
0*467 

0*454 
0-440 
0-427 

39 
31 
32 
33 
34 
35 
30 
37 
38 
39 

0-540 
0-511 
0505 
0-489 
0-472 
0-456 
0-440 
0-414 
0-408 
o-393 

0*527 
0*510 
o*493 
o*477 
0*461 

o*445 
0-429 
0414 
0399 
0384 

0-514 
0*498 
0*482 
0*466 
0*450 
0*435 

0-419 
0-404 
0389 
o*374 

0*501 
0*486 
0*470 

o*455 
0440 
0424 
0*410 

o*395 
0*380 
0*365 

0490 
0*474 

o-459 
0*444 

0*429 
0-41^4 
0*400 
0385 

0*371 
o-357 

0-478 
0463 
0-448 

o>34 
0-419 
0-405 
0-390 
0-376 
0-361 
0348 

0*467 
0-451 
0*438 
0*423 
0409 

o*395 
0*381 
0367 

o*353 
0340 

0-456 
0441 
0*417 
0*413 
0*399 
0*386 
0*372 
0*358 

o*345 
0*331 

o'445 
0*431 
o>i7 
0403 
0*390 
0-376 
0363 
0-350 
0336 
0*323 

o*4H 
0*411 
0*407 

o*394 
0*380 
0*367 

o-354 
0341 
0-318 
0-315 

0*415 
0*411 
0*397 
0-384 

o-37i 
0358 

o*345 
o*333 
0*320 
0*307 

0414 
0*401 
0388 

o-375 
0-362 

o'349 
o-337 
0*324 
0-312 
0-299 

38 
31 
32 
33 
84 
35 
36 
37 
38 
90 

40 
41 
42 
43 
44 
4ft 
48 
47 
48 
49 

0*377 
0*362 
0-347 
0331 
0-316 
0-301 
0-2S6 
0-271 
0255 
0*240 

0368 

o*353 
0*338 
0-323 
0308 
0-294 
0-279 
0*264 
0-249 
0-234 

0-360 

o*345 
0*330 
0-315 
0-301 
0-286 
0-271 
0-257 
0-242 
0-227 

0*351 
0*336 
0*322 
0*308 
0293 
0179 
0*264 
0*150 
0*135 
0*121 

0*342 
0*328 
0314 
0*300 
0*286 
0*272 
0*257 
0243 
0*229 
0*215 

*  334 
0-320 
0-306 
0-292 
0-279 
0-265 
0-251 
0*237 
0*223 
0-208 

0*326 
0*312 
0299 
0*285 
0*171 
0*258 
0244 
0*230 
0-216 
0*201 

0-318 
0304 
0*291 
0*278 
0*264 
0151 
0137 
0*124 
0*210 
0*196 

0-310 
0*297 
0*284 
0*270 
0-257 
0144 
0-131 
0-117 
0*104 
0*190 

0-301 
0-189 
0*176 
0*163 
0150 
0-237 
0*214 
0*211 
0*198 
0  184 

0294 
0-282 
0*269 
0-256 

0243 
0-231 
0-218 
0*20*; 
0*191 
0*178 

0187 
0-274 
0-262 
0-249 
0-237 
0*224 
0-211 
0-198 
0*185 
0-172 

48 
41 
42 
43 
44 
48 
48 
47 
48 
49 

50 
61 
89 
83 
64 
85 
88 
87 
88 
59 

0-225 
0*209 
0-191 
0  178 
c*i6i 
0*146 
0-130 
0*114 
0-097 
0-080 

0*219 
0-203 
0-188 
0*171 
0-157 
0-141 
0*125 
0*109 
0*092 
0*075 

0*212 
0-197 
o-i8i 
0-167 
0-151 
0*136 
0*120 
0*104 
0x87 
0*071 

0*206 
0*191 
0*176 
0*161 
0*146 
0-131 
0*115 
0099 
0-083 
0*066 

0*200 
0185 
0*171 
0*156 
0*141 
0*125 

C-lIO 

0*094 

0*078 
0*061 

0-194 
0-180 
0-165 
0*150 
0-136 
0-110 
0-105 
0*090 
0-074 
0*058 

o*i88 
0*174 
0*160 

0*145 
0*130 
0*115 
o-ioo 
0*085 
0-069 

0-053 

0*182 
0*168 
0*154 
0*140 
0*125 
0*110 
0095 
0*080 
0*065 
0-049 

0-176 
0*163 
0*149 
0-134 
0*120 
0-105 
0-091 
0*076 
0*060 
0-045 

0*171 

0*157 
0*143 
0*119 
0*115 
0*101 
0*086 
0*071 
0*056 
0*040 

0*165 
0*151 
0-138 
0-124 
0*110 
0*096 
0-081 
0*066 
0-051 
0*036 

0*020 
0*004 
9*988 

01 59 
0-145 
0-132 
0*119 
0*105 
0-091 

0-077 
0-062 

0-047 
0-032 

80 
81 
82 
88 
84 
85 
88 
57 
58 
a9 

00 
81 

89 

o*o6i 
0-045 
0-017 

0-058 
0*041 
0*023 

0054 
0*036 
0*019 

0*050 
0*032 
0*015 

0*045 
o'oi8 

O'CTl 

0*041 
0*024 

0*007 

0*037 

O-OIO 
0*003 

0*033 
0*016 
9-999 

0*019 

O'OIl 

9*995 

0*024 
0*008 
9*992 

0*016 

0*000 

9*984 

81 
81 
62 
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LOGARITHMS 
FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SKA 
Part  11.  Latitude  and  Declination  of  contrwy  Names. 

Ut 

Deci.iwatiok. 

Ut 

12° 

13° 

I4C 

16° 

10° 

17° 

18° 

10° 

20° 

21° 

23° 

23° 

0° 

1 

s 

3 

4 
6 
0 

7 
8 

9 

o*974 
0*939 

0-907 
0-878 
0-850 
0*814 
0-799 
0*776 

o'753 
0-731 

0-938 
0*906 
0*876 
0*849 
0-813 
0*798 

t>-775 
0-751 
0-731 
0-711 

0*904 
0875 
0-847 
0*811 
0*797 

o'774 
0*751 
0*730 
0*710 
0*691 

0*873 
0*846 
0*810 
0*795 
0*771 
0*750 
0*719 
0*709 
0-690 
0-671 

0*844 
0*818 
0*794 
0*771 
0*749 
0*718 
0*708 
0*689 
0-670 
0-653 

0*816 
0-791 
0*769 

o-747 
0*726 
0*706 
0*687 
0-669 
0*651 
0*634 

0*789 
0*767 

o*745 
0*714 
0*705 
o-686 
0*668 
0*650 

0-633 
0*617 

0-764 
0-743 
0*721 
0703 
0684 
o-666 
0-64* 
o-6ji 
0-615 
0*600 

0-740 
0*710 
0-700 
o'68i 
0*664 
0*646 
0-630 
0*614 
0*598 
o*5*3 

0*717 
0*698 
0679 
0661 
0*644 
o-6z* 
o*6ii 
0596 
0*581 
0*567 

0*695 
0*676 
0659 
0*641 
0*625 
0*609 
0594 

o*579 
0-565 
0-551 

0*673 
0-656 
0-639 
0*613 
0*607 
0591 

o*577 
0-563 

o-549 
o-535 

¥ 
1 

2 
3 
4 
5 
0 
7 
8 
9 

10 
II 
12 
IS 
14 
15 
16 
«7 
18 
19 

0-711 
0*691 
0673 
0654 
0*636 
0*619 
0*603 
0586 
0-571 
o*555 

0*691 
0*671 
0*654 
0637 
0-610 
0-601 
0-587 
0*571 
0556 
0541 

0*671 
0*654 
0*636 
0*610 
0*603 
0-587 
0571 

o*5  57 
0-541 
0*517 

0-653 
0-636 
0-619 
0-603 
0*587 
0*571 

o*557 
0*541 
0*528 
0*514 

0-635 
0*619 
0*603 
0*587 
0*571 

o-557 
0*541 
0-518 
0*515 
0*501 

0618 
o*6oi 
0586 

0*571 

o-557 
0-541 
0-518 
0515 
0-501 
0-488 

0*601 
058*5 
0571 
0-556 

o*54* 
0-518 
0-515 
0*501 
0-488 
0-475 

0584 
0-570 

o-555 
0-541 
0-517 
0514 
0-501 
0488 

o>75 
0463 

0*568 
o'554 
o'540 
0*517 
0513 
0*500 
0*4*8 

o-475 
0-463 
0451 

o*553 
°'539 
o*5*5 
0*512 
0-499 
0-487 

o*475 
0463 

o'45' 
0-439 

o*537 
0-524 
0511 
0-498 
0*486 

o*474 
0*462 
0*450 
0-438 
0427 

0*511 
0*509 
o*497 
0*48  c 

o'473 
0*461 

o*449 
0-438 
0*416 
0*415 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 

20 
21 
22 
23 
24 
If 
98 
27 

28 
29 

6540 
0-515 
0*511 
0497 
0-483 
0469 
0-456 
0-441 
0-4*9 
0*416 

0-517 
0*511 
0-498 
0-485 
0-471 
0458 

°'445 
0431 
0419 
0*406 

0-513 
0499 
0*486 
0471 
0459 
0-446 

o>34 
0*411 
0-408 
0-396 

0-500 
0-487 

0*474 
0*461 
0-448 

0*435 
0-413 
0*410 
0-398 
0-386 

0488 
0*475 
0*462 
o*449 
o-437 
0*4*4 
0*411 
0*400 
0-388 
0*376 

o-475 
0*461 
0*450 
0438 
0-415 
0413 
0*401 
0-390 
0*378 
0367 

0*463 
0*451 
0-438 
0*416 
0-414 
0-403 
0-391 
0*380 
0-368 
o'3$7 

0-451 

o-439 
0-427 
0415 
0-404 
0*392 
0*381 
0*370 

o*359 
o-347 

0-439 
0-427 
0*416 
0-404 
o*393 
0*382 
0*371 
0*360 
o-349 
o*33* 

0-417 
0*416 
0405 

o*393 
0*381 
0-371 
0*361 
0*350 
0339 

o*3*9 

0*416 
0-405 
0394 
0-383 
0-372 
0-361 
0-351 
0-340 
0-330 
0320 

0*404 
0-393 
0-383 
0*371 
0*361 
0*351 
0341 
0331 
0*310 
0*310 

20 
21 
2*2 
23 
21 
2i 
20 
*7 
28 
29 

90 
01 
32 
33 
34 
36 
30 
37 
38 
39 

0403 
0391 
0-378 
0*366 
o'353 
o'34i 
0318 
0-316 
0304 
0*191 

0394 
0*381 
0369 
0-356 

o'344 
0331 
0*310 
0-308 
0*196 
0-184 

0-384 
0*371 
0-359 
0*347 

o*335 
0314 
0-311 
0-300 
0188 
0-176 

o'374 
0-361 
0-350 
0*338 
0*317 
0-315 
0-3^3 
0*191 
0*180 
0*169 

0-364 
0353 
0*341 
0-330 
0*318 
0*307 
0195 
0*184 
0-272 
0-261 

0'355 
o-344 
0*331 
0-311 
0*310 
0*198 
0*187 
0*176 
0*165 
0*154 

0-346 
0*335 
0-323 
0*312 
0*301 
0-290 
0*279 
0*268 
0-157 
0*246 

0*336 
0*326 

o-3'5 

0*304 
0*293 
0*282 
0*271 
0-260 
0*150 
0-139 

0*327 
0*317 
0-306 
0*295 
0-285 
0*174 
0-163 
0*253 
0*242 
0-131 

0*318 
0-308 
0-297 
0-287 
0*276 
0*266 
0*256 
0245 
0-235 
0*224 

0309 
0299 
0-289 
0*278 
0*268 
0*158 
0*248 
0*237 
0*227 
0*217 

0*300 
0*290 
0*280 
0*270 
o**6o 
0*150 
0*240 
0*230 

0*220 
0*210 

30 
31 
3* 
33 
14 
36 
30 
»7 
38 
39 
~10 
41 
42 
43 
44 
46 
40 
47 
48 
49 

40 
41 
12 
43 
44 
45 
40 
47 
48 
40 

0179 
0*167 
0155 
0*141 
0*130 
0-217 
0*105 
0*191 
0-179 
0-167 

o**7i 
0*160 
0-147 
0*235 
0*113 

O'llI 

0*198 
0*186 
0-173 
0161 

0*164 
0*151 
0*140 
0*118 
0-116 
0*204 
0*191 
0*180 
0*168 
0155 

0*157 
0*145 
0-133 

O'lll 

o-no 
0*198 
0*186 

0*174 

0*161 

0149 

0*150 
0138 
0-117 
0-115 
0*103 
0*191 
0-180 
0*168 
0*156 
0*144 

0*242 
0*231 

O'llO 

0*108 
0-197 
0-185 
0*174 
0*161 
0-150 
0*138 

0*235 
0*224 
0*113 
0*101 
0*190 

0*179 
0-167 
0-156 

0-144 

0-131 

0118 
0*117 
0*106 
0*195 
0*184 
0*173 
0*161 
o*  1 50 
0*138 
0*126 

0*121 
0*210 
OI99 

0*188 
0*177 
0*166 
0*155 
0*144 
0-132 

0*12I 

0*214 
0*203 
0-192 
0*182 
0-171 
0-160 
0*149 
0*138 
0*127 
0-115 

0-207 
0*196 
01 86 

0*175 
0*164 
0*154 
0*143 
0*132 
0*121 
0*109 

OI99 

0*188 
0-178 
0-168 
0-158 

0-147 
0*136 
0*116 
0115 
0*104 

50 
61 
62 
63 
64 
66 
50 
57 
68 
69 

01 54 
0*140 
0*117 
0*114 
o-ioo 
0-086 
0-071 
0-057 
0*043 
0-028 

0M48 
0*135 
o-iii 
0*108 
0-095 
0-081 
0-067 
0-053 
0*038 

O'01?i 

0*141 
0*130 
0*117 
0*103 
0*090 
0*076 
0-063 
0*048 
0-034 
0*019 

01 37 
0*114 
o-in 
0*098 
0085 
0*071 
0058 
0*044 
0-030 
0*01  s 

0*131 
C119 
0*106 
0*093 
0*080 
0*067 
0*053 
0*039 
0*015 

O'OIl 

0116 
0*113 
0*101 
0*088 
0-075 
0*061 
0*049 
0-035 
o-on 
0*007 

0120 
0*108 
0*096 
0*023 
0*070 
0*057 
0*044 
0-030 
0*017 

0*OO2 

0*115 
0-103 
0*090 
0*078 
0*065 
0*051 
0039 
0*016 
0*013 
9998 

O*I09 
CO97 
0*085 
0*073 

o'o6o 
0-048 
0*035 
0*021 
0-008 
9994 

0*104 
0*092 
o*c8o 
0068 

0*055 

o-C43 
0*030 
0*017 
0*003 
9-990 

0*098 
0*086 
0-075 
0*063 
0*051 
0*038 
0*015 
con 

9999 
?-985 

0*093 
0*081 
0*069 
0*058 
0*046 
0*033 

0*C2I 

o*co8 

9*995 
9981 

60 
61 
52 
63 

64 
56 
56 
67 
58 
59 
"00 
01 
02 

00 
01 
62 

O'OIl 

9996 
9*980 

0*008 
9991 
9.970 

0*004  |  C'OOO 

9-989  j  9*985 

9*973  |  9-909 

9-996 

9981 

i  9'965 

9991 

9*977 
9-961 

9988 

9*973 
9957 

9*984 
9-969 
9*954 

9*980 
9965 
Q-950 

9*976 
9961 
9946 

9*97- 
9*957 
9-942 

9-967 

9*953 
9*938 
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LOGARITHMS 

FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SEA. 

Pa*t  II.  Latitude  and  Declination  of  contrary  Names. 

DfCLlNATIOIf. 

Lat. 

Lai. 

24*    |    25° 

26° 

2*7° 

28°    1    29° 

30° 

31° 

32° 

33° 

<U° 

35° 
0456 

0° 

o°.  0*652  0*632 

0*613 
0508 

0594 

0575  0557 

o-539 

0*522 

0505 

0489 

0472 

I 

0636    0*617 

o*579 

0561  0544 

0-526 

0510    0493 

o-477 

0461    0445 

1 

2 

0*620  ,  0*6oi 

0583 

0565 

0548 ,  0531 

0514 

0498 

O482 

0*466 

0450    0435 

2 

3 

0*605  j  0587 

0569 

0551 

0535  0518 

0502 

0*486 

0-470 

o*455 

0439 

0424 

3 

4 

0589  1  0*572 

o*555 

0538 

0-522    0-506 

0490 

o*474 

o*459  j  o-444 

0429 

0*414 

4 

5 

o-574  I  0558 

0*541 

0525 

0509 !  0494 

0478 

0463 

0448    0433 

0419 

0404 

5 

6 

0560  !  0544 

0528 

0*512 

0497 

0*482 

0*467 

0452 

0437    0423 

0409 

o*395 

6 

7 

0546    0531 

0*515 

0*500 

0485 

0470 

0456 

0441 

0427    0413 

o*399 

0*385 

7 

8 

0533   0518 

0503 

0488 

0473 

0459 

0445  ;  0431 

0417  ;  0404 

0390 

0376     8 

9     0520  ,  0506 

0491 

0476 

0-462 

0448 

0434  j  0421 

0407  _o/394 

0380    0367  |    9 

10     0-507    0*493 

0479 

0465 

045 Fi  0*437 

0424  ;  0*411 

o*397    0384 

0371 

0358 ;  10 

1 1   '  0495    0-481 

0467 

o*453 

0440   0*426 

0413 

0*401 

0387 

o-375 

0-362 

0349 ;  H 

12  10-483    0469 

o*455 

0*442 

0*429  1  0*416 

0403 

0391 

0378 

0366    0353 

0-341  '  12 

IS 

0471    0457 

0444 

o*43 ' 

0*418  >  0*406 

o*393 

0381 

0368 

0356    0344 

0332 

13 

14 

o-459    0446 

o*433 

0-421 

0*408  !  0*396 

0384 

0372 

o*359 

0*347  :  0-335 

o*323 

14 

15 

0448   0435 

0*422 

0-410 

0398    0*386 

o*374 

0*362 

o*349    0-338  j  0-326 

o*3«5 

15 

16 

0*436   0*424    0*412 

0*400 

0388  ,  0376 

0364 

o*353 

o*34«  !  0-330  0-318 

0307    16 

17 

0425  ,  <Mi3 

0*402 

0390 

0378  1  0366 

o*355 

0-344 

0332    0-321  j  0309 

0298    17 

18 

0414    0403 

0391 

0380 

0368    0357 

0346 

o*335 
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9*  366 

9*3** 

9*83 

9*47 

9*14 

9-183 

9*154 

9*126 

9*  100 

70 

9698 

9605 

9*5*9 

9465 

9410 

9*36i 

9*317 

9-277' 

0-241 

9-207 

9*175 

9*145 

9-117 

9090 

72 

9-695 

9-602 

9*5*5 

9-461 

94<>5 

9356 

9311 

9*7i 

9*34 

9-200 

9-167 

9*137 

9' 108 

908 1 

74 

9*593 

9*599 

9*5** 

9*457 

9*4oi 

9*35' 

9*306 

9**65 

9-228 

0,22 

9-160 

9*i*9 

9*100 

9*072 

76 

9691 

9-596 

9*  5  "9 

9*453 

9396 

9346 

9301 

9*59 

9*221 

9-186 

9*  15* 

9*121 

9091 

9*062 

78 

9689 

9'594 

9-516 

9  45° 

9*39* 

9*341 

9*95 

9*53 

9*15 

9*179 

9*  145 

9113 

9-082 

9*053 

80 

9687 

9  59' 
9.5l8 

9*512 

9446 

9388 

9336 

9-290 

9**47 

9*208 

9-172 

9*i37 

9-105 

9-074 

9*o44 

82 

9-685 

9'5<>9 

9*44* 

9384 

9*33* 

9*85 

9-241 

9'202 

9165 

9*  130 

9096 

9-065 

9*o34 

84 

9-6*1 

9-58-5 

9- 506 

9438 

9*379 

9*3*7 

9*79 

9*36 

9*  195 

9*157 

9*122 

9-088 

9056 

9*025 

88 

9680 

9583 

9503 

9*435 

9*375 

9322 

9*274 

9-230 

9*  189 

9*i5o 

9*ii4 

9080 

9-047 

9*oi5 

KB 

9-678 

9-580 

9-500 

9  43' 

9*371 

9*317 

9-268 

9**4 

9- 182 

9*143 

9- 106 

9071 

9*o37 

9*005 

90 

9-676 

9578 

9496 

9*4*7 

9*  366 

9*31* 

9*63 

9-218 

9-175 

9-136 

9*098 

9*062 

9028,8-995 

98° 

38° 

40° 

42° 

44° 

46°  j  48°  |  50° 

6*23 

54° 

56° 

58° 

00° 

62° 

3<r 

9264 

98 

9-248 

9232 

- 

40 

9-2349-217 

9'20I 

42 

y*220,9'202 

91S6 

9-171 

44 

9-20619*189 

QI7* 

9*  156 

9  '40 

46 

9  >93|9*«75 

9  158 

9*  141 

91?;jq  HO 

48 

9*i8i|9*i62 

9*  "45 

9127 

9111  -9095 

9079 

A0 

9*  169:9*  150  9*132 

9- 114 

9  097  9*080 

9064 

9049 

82 

£*  "58I9*  138 ,9-i>9 19' '°" 

9083  '9-066 

9050 

9034 

9-018 

84 

9-147 

9-126  9-107 

9-088 

9-070  9*o52»9*o35 

9*019  9*002 

8986 

86 

9-136 

9*  1 15 

9095 

9*076 

9057  9039  9021 

9004 

8987 

8-970 

8*954 

88 

9  1259-104 

9083 

9063 

9*°44 '90*5  9007 

8989 

8*972 

8*955 

8-938 

8*921 

60 

9-115 

9-093 
9083 

9072 

9051 

9-032  J9*oi2  8*994 

8*975 

8957 

8*939 

8-921 

8004 
8*887 

8-886 

62 

9  105 

9  060 

9030 
9-028 

9019 18-900 
0-007 18-986 
8*994  8'973 

8980 

8961 

8942 

8*9*4 

8005 
8889 

8-869 

8-851 

64 

9094 

9071 

9049 

8966 

8'947 

8-927 

8-908 
8-893 

8-870 

8-851 

8-832 

66 

9084 

9061 

9038 

9016 

8953 

8*933 

8-913 
8898 

8873 

S853 

8-834 

8-814 

88 

9074'9'05° 

9027  9004 

8-982^-960  8-939 

8-918 

8-877 12-857 

8-836 

8*Si6|8*79< 
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LOGARITHM* 

rOR  COMPUTING  THE  CORRECTION  OF  THE  LATITUDK  HV  ACCOJS1 

Part  I  J.  (continued,)  Observations  on  different  siilea 

either  of  die  Meridian  or  of  the  Prime  Vertical* 

AxiHimis. 

3<r 

w 

40* 

42° 

14°  1   -Iti* 

1 

48°  1  SO* 

1 

Ci2Q 

54° 

ftff*  j  6B°  J  B0° 

or 

70* 

9*065 

9-040 

9*016 

a-993  8-970  y  948 

8*916  J3  9L4  !»*SS3  [g-86a 

X84K  8*819  18-798 

8-776 

T2 

9055|9'oi9 

9005 

89S1 8-958  891^ 

8-911 '8-890  :B-868  8-8+6 

8-814  !M'Soz8'779 

8-757 

74 

9^4519019 

*"994 

8-969  8*945  8-921  8-898  |8+875  H'853  |«  830 

8-807  8784  8-760 

8-737 

?e 

9*035  9*008 

>*9«1 

8-9578-933  8  909  8-885  !8*86i1S-8;7l8-Ki3 

879018766  8741 

8717 

7» 

9-0*51 8"  998 

8971 

8946  jS-yio  18-89518-870  8-8+6  8-821  3797  *'77* 

8-747j87ii 

S69C 

H.I 

901558*987 

8-960^8  933  18*907 

8*|fi  S  55^6  8831  8-805  8-780 

8-75+ 

8-718 '8-701  8674 

m 

9'gos'S  976 

8  -9+8,8 -93.1 18  S94 

8g68  8*841^-815  8789  8-761 

8715  S708  8  6S0I8651 

34 

*"99> 

8965 

8937  8*909 18*881 

S-&S4  £826  8  799  ^  771  8744 

8716  8-687  S-65SJ8-618 

at 

*'  9*4 

8  9S4 

8-9*5 '8-896 1S-K67 

8-839  8-8118-781  3  7 H  8-715 

8-696  8  666  8-635  8-601 

as 

a-97+ 

»-94l!3  9»3  8  ^^1  8853 

881+  8  795  876s  87^6  ,8-706  j8'675 18643  Hit  ja-577 

M 

8^63  8-931  IB900  8869  8S39  S'809  8*7;^  8*748  8717  Igb^  |-$j  3  jg-Oio  8-585  .8-550 

1       (       !       ,       [       I       1              1                             I 

TABLE  72 


LOGARITHMS 

FOR  COMPUTING  THE  EQUATION  OF  EQUAL  ALTITUDES 

Interval. 

L»g.A. 

Log.  B. 

fntervHl. 

Ix>g  A. 

Log.B. 

Interval 

Ix>g.  A. 

Log.B 

lb30- 

22725 

2-2809 

4b30" 

22499 

23300 

7k30" 

2*20^2 

24584 

1  35 

2-2722 

2-2816 

4  35 

224*9 

23323 

7  35 

22015 

24645 

1   40 

22719 

22823 

4  40 

22479 

23346 

7  40 

21998 

24690 

1   45 

22/15 

22831 

4  45 

22469 

2'3370 

7  45 

2  I980 

24755 

1   50 

2-2711 

2-2838 

4  50 

22459 

2-33*4 

7  50 

21963 

2-4814 

1   55 

22707 

2-2846 

4  55 

22449 

23418 

7  55 

21945 
2  1928 

24876 

*    0 

22703 

22854 

5     0 

22438 

23444 

8     0 

24938 

2     5 

2-2699 

22863 

5     5 

22428 

23470 

8     5 

2-I9IO 

25004 

2   10 

2-2695 

22>72 

5  10 

22417 

23*95 

8   10 

2  1892 

2  5070 

2   15 

2-2690 

22882 

5  15 

2  2406 

23524 

8  15 

21874 

25141 

2  20 

22685 

2'289 1 

5  20 

22394 

2'3S52 

8  20 

21855 

2  5211 

2  25 

2-2t  8:> 

22902 

5  24 

22383 

2-3581 

8  25 

2  1836 

25286 

2  30 

22675 

2-2912 

5  30 

22371 

23610 

8  30 

2l8l7 

25360 

2  35 

2  2>69 

2  2924 

5  35 

22359 

23041 

8  35 

21798 

25439 

2  40 

22664 

22935 

5  40 

22347 

23671 

8  40 

21778 

25518 

2  45 

22658 

22Q47 

5  45 

22334 

23703 

8  45 

21758 

2  5602 

2  50 

2-2652 

22950 

5  50 

22322 

2  3735 

8  50 

21738 

2-568$ 

2  55 

2-2646 
22641 

22072 

5  55 

22309 
22297 

23768 

8  55 

2  I7l8 

25776 

3     0 

2  2985 
22998 

6     0 

23802 

9     0 

2  I697 

2-5808 

3     5 

22634 

6     5 

2-2283 

23837 

9     5 

21677 

25963 

3   10 

22628 

2'30I2 

6   10 

22271 

23873 

9   10 

2' I656 

26-63 

3   15 

2-2621 

23027 

6  15 

22257 

2  39  0 

9  15 

21635 

26164 

3  20 

2-2614 

23042 

6  20 

2-2244 

23947 

9  20 

2l6l3 

26273 

3  25 

2-2607 

23058 

6  25 

22230 

23986 

9  -25 

21592 

26384 

3  30 

22600 

23073 

6  30 

2  2216 

24024 

9  30 

2  1570 

26499 

3  35 

2-2592 

2-3090 

6  35 

2  2202 

24065 

9  35 

215.7 

26619 

3  40 

22585 

23IO6 

6  40 

22187 

2-4106 

9  40 

21525 

26744 

3  45 

22577 

2  3124 

6  45 

2-2173 

24149 

9  45 

2  I502 

26874 

3  50 

22569 

23MI 

6  50 

22158 

241  2 

9  50 

2  I480 

27011 

3  55 

22561 

2-3I59 

6  55 

22143 

24237 

9  55 

21457 

27154 

4     0 

22553 

23117 

7     0 

2-2127 

24283 

10     0 

21433 

27303 

4     5 

22544 

23I96 

7     5 

2*2112 

2-4330 

10     5 

2-I409 

27460 

4  10 

22536 

23216 

7  10 

22096 

2  4378 

10  10 

2  13% 

27626 

4  15 

2-2527 

23236 

7   15 

2-2080 

2*4426 

10  15 

2-I36I 

27801 

1   4  20 

22518 

23257 

7  20 

22064 

24478 

10  20 

21337 

27984 

J   4  25 

2-2509 

2-3278 

7  25 

2-2048      2453I 

10  25 

2-I3I2 

28076 

000 

TABLE  If 3 

THE  LOGARITHMIC  DrTFERENCR 

(Barometer,  30  incite*.     Fahrenheit's  Thermometer,  ft9.) 

A  pp. 
Alt. 

Horizontal  L'aralkx. 

•of 
Par. 

Corr.  for  *  ef  P«r. 

A 

53    1   54' 

55' 

56' 

57' 

58'  1    511' 

60'  j   61' 

o*ir 

J^ 

jrj^juir 

0*3 

o 

9*99 

9*99  1 999 

9*99 

9*99 

9*99 

999 

9*99  '  999 

1 

3    0 

9841 

9833;  98*$ 

9817 

9809 

9800 

979* 

9784 

9776 

0 

of   0 

0 

I 

*!  * 

10 

9811 

9814 

9806 

9797 

9789 

978o 

977' 

9763 

9754 

10 

*l    * 

2 

3 

3 

3 

20 

9804 

9795 

9786 

9777 

9769 

9760 

975' 

974* 

973* 

20 

3     3 

4 

4 

5 

5 

30 

9785 

977© 

9707 

9758 

9748 

9739 

9730 

9720 

9711 

30 

5 

5 

5     6 

6 

6 

40 

9767 

9757   9747 

9738 

97*8 

9718 

9709 

9*99 

9689 

40 

6 

7 

7 

8 

8 

8 

60 

9748 

9738 

97s* 

?7i8 

0708 

9698 

9687 

9677 

9667 

50 

8 

8 

9 

9 

10 

11 

2 

11  1- 

4    0 

97*9 

9718 

9708 

9698 

9687 

9677 

9666 

9656 

9*45 

0. 

0 

0 

0 

1 

2 

10 

97IO 

9699 

9689 

9678 

9667 

9656 

9645 

9634 

9623 

10 

2 

2 

2 

3 

4 

4 

53 

20 

9691 

9680 

9669 

9658 

9646 

9*35 

9624 

9613 

9601 

30 

4 

X 

5 

5 

6 

6 

30 

9671 

9660 

9649 

9637 

9026 

9614 

9603 

959' 

9579 

30 

6 

7 

7 

8 

8 

i  I  - 

40 

9653 

9641 

9629 

9617 

9605 

9593 

9581 

9569 

9557 

40 

8 

8 

9 

9 

10 

10 

1 
2 
3 
4 

» 

JO 

9634 

9622 

9609 

9507 

9585 

957* 

9560 

9547 

9535 

50 

10 

10 

11 

11 

12 

12 

2 

4 
6 
8 

5    0 

9614 

9602 

9589 

957» 

9563 

955' 

9538 

95*5 

95'* 

0 

0 

0 

1 

1 

2 

10 

9595 
9570 

958* 

9569 

9556 

9543 

953o 

9516 

9503   9490 

10 

2 

3 

3 

3 

4 

4 

5 

9 

20 

9562 

9549 

9535 

95** 

9509 

9495 

9481 

9468 

90 

4 

5 

5 

6 

6 

7 

6 

11 

30 

9557 

9543 

95*9 

95'5 

9501 

9487 

9474 

9460 

9446 

30 

7 

7 

8 

8 

Q 

9 

7 

li 

40 

953« 

95*3 

9509 

9495 

948' 

9466 

945* 

9438 

94*4 

40 

9 

10 

:o 

" 

II 

12 

8  15 

50 

9518 

9504 

9489 

0474 

9460 

9445 

94  J' 

0416 

9401 

50 

12 

'3 

'3 

'4    14 

'4 

»l  17 

H    0 

9499 

9484 

9469 

9454 

9439.94*4 

9409 

9394 

9379 

0 

0 

0 

X 

—  ■  1 

r  1    2 

1 

ill 

9480 

9465 

9449 

9434 

94'8 

9403 

9388 

937* 

9357 

10 

3 

3 

4 

4     t     I 

20 

946! 

9445 

94*9 

9413 

9398 

9382 

9366 

935o 

9334 

20 

5 

6 

6     7.    7     8 

30 

944' 

94*5   94«9 
9406   9389 

9393 

9377 

9361 

9345 

93*9 

93'* 

30 

8 

8 

9 

IO|IO     11 

40 

9411 

9373 

9356 

9340 

93*3 

9307 

9290 

40 

11 

11 

12 

13)13 

1 

7    o 

9403 

9386 

9369 

?3<* 

9335 

?3'° 

9301 

9*85 

9268 

50 

'4 

'5 
1 

'5 

16    16 

if 

3 

9383 

9366 

9349 

933* 

93 '4 

9*97 

9280 

9263 

9246 

0 

0 

i)    2 

2 

10 

9304 

9347 

93*9 

93" 

9*94 

9276 

9*58 

9*4' 

9**3 

10 

i 

3 

4 

5 

5 

6 

20 

9345 
9326 

93*7 

9309 

9*9' 

9*73 

0*55 

9*37 

9219 

9201 

20 

7 

7 

8 

8 

9 

31 

9307 

9*89 

9*7 « 

9*5* 

9*34 

9216 

9'97 

9179 

36 

9 

10 

10 

11 

12 

12 

40 

9306 

9288 

9269 

9250 

9*3* 

9213 

9'94 

9'75 

9'57 

40 

12 

'3 

»4 

14 

'5 

16 

II.  P. 

Ml   9287 

9268 

9*49 

9230 

9211 

9191 

9173 

9'54 

9'J4 

50 

16 

16 

'7 

18 

2 

2* 

3 

21 

3 

61' 

3     0 

9268 

9*48 

9**9 

9209 

9190 

9170 

9151 

9132 

9112 

0 

0 

1      , 

10 

9*49 

9**9 

9209 

9189 

9169 

9 '49 

9130 

9110 

ocgo 

10 

3 

4 

5 

5 

6 

7 

II  * 

20 

9**9 

9*09 

9189 

9160 
9148 

9»4? 
9128 

9128 

9108 

9088 

9008 

20 

7 

7 

8 

9 

9 

10 

2!  4 

3|   7 

4  9 

5  11 
fi  13 

30 

9110 

9189 

9169 

9107 

9087 

9c66 

9046 

30 

10 

11 

12 

12 

'3 

14 

40 

9191 

9170 

9*49 

9128 

9107 

9086 

9065 

9044 

9023 

40 

'4 

'5 

'5 

16 

17 

18 

50   917a 

9150 

9**9 

9108 

9086 

906s 

9044 

9022 

9001 

50 

18 

'9 

'9 

20 

21 

21 

4 

0     0 

915* 

9131 

9109 

9087 

9066 

9°44 

9022 

9001 

8979 

0 

0 

1 

X 

2 

3 

10 

9'33 

9111 

9089 

9067 

9045 

9023 

9001 

8979 

8957 

10 

4 

4 

5 

6 

7 

7  15 

w 

9114 

9091 

9069 

9047 

oc*4 

9002 
8981 

8979 

8957 

8935 

20 

7 

8 

9 

to 

10 

11 

8  iS 

30 

9095 

9C71 

9°49 

9026 

9004 

8958 

8935 

8912 

30 

11 

12 

'3 

14 

'4 

1$ 

01  2C 

40 

9075 

9052 

9029 

9006 

8983 

8960 

8937 

*9'3 

8890 

40 

'5 

16 

17 

18 

18 

20 

50 

9.56 

9032 

9009 

8986 

*96a   8939 

8915. 

8892 

8868 

50 

20 

20 

21 

22 

*3 

*3 

Smii's  AH.  •'  6°  73  S1  14°  26°  34 D  42°  51°  64°fHP  |  Star's  Alt.  6°  6°  7*  8°  «°  1 

1°12°140  8  \%> 

*•*•  17  13  11  9    7     9     "   '3    >5  '7    18   1            «■*.  15 1"  9   7   5    4     5     »     1     r  1 

Tke  1-ogaritbmic  Difference  is  not  given  in  this  Table  for  attitude*  i<*a  than  *°.  because  th#    1 

_ 

luaar  observation  ought  not  to  be  employed  with  very  low  altitudes. 
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THE  LOGARITHMIC  DIFFERENCE 
(Barometer.  30  inches.  Fahrenheit's  Thermometer, 

•«•.) 

> 

App. 

Alt 

Horizontal  i'traller. 

"of 
Psr. 

Corr.for"ofP«r.#ii5. 

<*< 

58'  I  54' 

55' 

•6'  j  57' 

68' 

50' 

60' 

er 

J2L 

0 

4 

8 

12 

'7 
21 

r 

1 

5 
9 

>3 
18 
22 

4* 

6T\B' 

W 

if)  0 
10 
20 

30 
40 
50 

9*99 
9<>37 
9018 
8998 
8979 
8960 
8941 

19*99 
9013 

•993 
8974 
8954 
8935 
891  f 

9*99 
8989 
8969 

8949 
8929 
8909 
8889 

9*99 
8965 

8945 
8925 
8904 
8884 
8864 

9*99 
8941 
8921 
8900 
8879 
8859 
8838 

9'99 
8917 
8896 
8875 
8854 
8833 
8812 

9  99 
*894 
8872 
8851 
8830 
8808 
8787 

9*99 
8870 
8848 
8826 
8805 

8783 
8761 

999 
8846 
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2*0989 
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2*0291 
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1-8266 
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i*577i 
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1-5007 
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1*4969 
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1*3697 
13688 
1*3678 
1-3669 
1-3660 
1*3650 
1-3641 
1*3632 
1-3622 
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1-3166 
1*3158 
1*3,49 
1*3141 
i*3i33 
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1*3116 
1*3108 
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'*7954 
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1-7904 
1-7879 
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1*7782 

1-6717 
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1-5680 
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1-0706 

10431 

I-0172 
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1*1303 

1*0989 

1*069611*0422 

1-0164 
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12003 
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1*0979 
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1-1180 
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50 

61 
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51 

62 
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1-1458 

1*1133 
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52 

63 
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1*0278 
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53 
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i-iiii 
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1-0530 
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66 

67 
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I'OOll 
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»7 
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68 

59 
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1*0512 
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a 

4 

2772 

2727 

2682 

2637 

*593 

2550 

2507 

2464 

2421 

2380 

2338 

4 

i 

2818 

277* 

2726 

2681 

2637 

*593 

*549 

2506 

2463 

24*1 

*379 
2378 

•337 

5 

fl 

2817 

277 » 

*7*5 

2681 

2636 

2592 

2548 

2505 

2462 

2420 

*337 

6 

7 

2816 

2770 

*7*5 

2680 

2635 

2591 

2548 

2504 

2462 

2419 

2378 

2336 

7 

8 

2815 

2769 

*7*4 

2679 

2634 

2590 

2461 

2419 

*377 

*33S 

8 

9 

2815 

2769 

*7*3 

10 

2814 

2768 

»7»* 

2678 

2633 

2589 

*545 

2502 

2460 

*4»7 

*375 

•334 

10 

II 

2813 

2767 

2722 

2677 

2632 

2588 

*545 

2502 

H59 

2417 

•375 

•333 

It 

12 

2812 

2765 

2721 

2676 

2632 

2588 

*544 

2501 

*45« 

2416 

2374 

»333 

12 

13 
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2766 

2720 

2675 

2634 

2587 

*543 
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*457 

H»5 

*373 

2332 

13 

14 

2811 

2765 

2719 

2675 

2630 

2586 

*543 

*499 

*457 

*4«4 

»373 

*33» 

14 

16 

2810 

2764 

2710 
2718 

2674 

2629 

2585 

2542 

H99 
249* 

2456 

*4»4 

2372 

*33» 

16 

16 

2809 

2763 

2673 

2629 

2585 

*54i 

*455 

2413 

*37» 

2330 

16 

17 

2808 

2763 

2717 

2672 

2628 

»5«4 

2540 

H97 

*455 

2412 

2371 

2320 
2328 

17 

ia 

2808 

2762 

2716 

2672 

2627 

2583 

2540 

2497 

*454 

Hi* 

2370 

18 

19 

2807 

2761 

2716 

2671 

2626 

2582 

*539 

H96 

*453 

2411 

2369 

2328 

19 

20 

2806 

2760 

2715 

2670 

2626 

2582 

2538 

H95 

*453 

2410 

2368 

2327 

20 

21 

2805 

2760 

*7H 

2669 

2625 

2581 

2538 

*494 

*45* 

2410 

2368 

2326 

21 

22 

2804 

*759 
2758 

*7«3 

2669 

2624 

2580 

*537 

*494 

*45» 

2409 

2367 

2326 

22 

23 

2804 

*7»3 

2668 

2623 

2580 

2536 

*493 

2450 

2408 

2366 

*3»5 

23 

24 

2803 

*757 

2712 

2667 

2623 

*579 
2578 

*535 

2492 

2450 

2408 

2366  2324 

34 

2* 

2802 

2756 

2711 

2666 

2622 

*535 

2492 

*449 
2448 

2407 

2365 

2324 

25 

20 
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*756 

2710 

2656 

2621 

*577 

*534 

2491 

2406 

2364 

2323 
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27 
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*755 

2710 

2665 

2621 
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2448 

2405 

2364 
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27 

22 

2800 
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*7©9 

2664 

2620 

2576 

2532 

2489 

*447 

2405 

2363 

2322 

28 

29 

*799 

*753 

2708 

2663 

2619 

*575 

2532 

2489 

2446 

2404 

2362 

2321 

29 

30 
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*753 

2707 

2663 

2618 

*574 

2531 

2488 

*445 

2403 

2362 

2320 

30 
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275* 

2707 

2662 

2618 

*574 

2530 

2487 
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2403 

2361 

2319 

31 

32 
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2751 

2706 

2661 

2617 
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2530 

24*7 

*444 

2402 

2360 

2319 

32 

33 

2796 

2750 

2705 

2660 

2616 

2572 

2529 
2528 

2486 

*443 

2401 

*359 

2318 

33 

34 

*795 

2750 

2704 

2660 

2615 

2572 

2485 

*443 

2400 

*359 

*3»7 

34 

35 

*795 

*749 

2704 

2650 
2658 

2615 

2S7i 

2527 

2484 

2442 

2400 

2358 

2317 

35 

36 

*794 

2748 

2703 

2614 

2570 

2527 

2484 

*44> 

*399 

*357 

2316 

36 

37 

*793 

*747 

2702 

2657 

2613  2569 

2526 

2483 

2440 

2398 

*357 
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37 

38 
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2657 
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2569 
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38 

39 
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2746 
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2656 
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2568 

2525 

*4«* 

H39 

*397 

*355 

*3'4 

39 

40 

2791 

*745 

2700 

2655 
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2567 

2524 

2481 

2438 

2396 

*355 

*3»3 

40 

41 

2700 
2789 

*744 
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2698 

2654 

2610 

2566 

2523 

2480 

*43* 

2396 

*354 

*3>3 

41 

42 

*744 

2654 

2610 

2566 

2522 

2480 

H37 

*395 

*353 

2312 

42 

43 

2788 

*743 

269? 

2653 

2609 

2565 

2522. 

2479 

«43* 

*394 

*353 

2311 

43 

44 

2788 

2742 

2697 

2652 

2608  2564 

2521 

*47* 

*436 

*394 

*35* 

2311 

44 

43 

2787 

*74« 

2696 

2652 

2607 

2564 

2520 

*477 

H35 

*393 

*35» 

2310 

45 

46 

2786 

2741 

2695 

2651 

2607 

2563 

2520 

*477 

*434 

2392 

2350 

2309 

46 

47 

2785 

2740 

2695 

2650 

2606 

2562 

2519 

2476 

*433 

2391 

2350 

2308 

47 

48 

*7*5 

•739 

2694 

•1649 

2605 

2561  2518 

*475 

*433 

2391 

*349 

2308 

48 

49 

*7«4 

273* 

2693 

t64p 

2604 

2561 1 2517 

*474 

243* 

2390 

2348 

2307 

49 

50 

2783 

•73* 

2692 

2648 

2604 

2560 

*5»7 

»474 

*43» 

•389 

2348 

2306 

50 

51 

2782 

*737 

2692 

2647 

2603 

*559 
2558 

2516 

*473 

HV 

2389 
2388 

*347 

2306 

61 

53 

2782 

2736 

2691  2646 

2602 

*5'5 

2472 

2430 

2346 

2305 

59 

53 

2781 

*735 

2690  2646 

2601 

2558  |  2514 

2472 

2429 

2387 

2346 

2304 

53 

54 

2780 

*735 

2689 

2645 

2601 

*557  *5'4 

*47« 

2429 
2428 

2387 

*345 

2304 

54 

55 

2779 

*734 

2689 

2644 

2600 

2556  2513 

2470 

2386 

*344 

2303 

66 

56 

2778 

*733 

2688 

2643 

*599 

2556 

2512 

2470 

*4*7 

*3*5 

*344 

2302 

66 

57 

2778 

2732 

2687 

2643 

*599 

*555 

2512 

2469 

2426 

2384 

*343 

2302. 

57 

58 

*777 

2731 

2686  2642 

2598 

*554 

2511 

2468 

2426 

2384 

2342 

2301 

58 

59 

»77*  »73«  1  *6K6  j  1641 

*59? 

25531  2510 

2467 

2425 

2383 

*34' 

2300 

59 

60 

*775  |  *73°  .  ***$  i  2640  2596  ;  2553  ;  2510 

2467 

2424 :  2382 

2341 

2300 

60 
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h  ■ 
l°48 

I  >|h   all  Jk   m 
1°49'  l°50'|lo617jlo62/ 

h     m 
1°63' 

k  m 

l°64' 

k   in 

1°55' 

ft   w 

i°6«' 

!°67 

Me. 
// 

0 
1 
« 
3 
4 
6 
6 
7 
8 
9 

1300 
1299 
2298 
229S 
2297 
2296 
2296 
2295 
2294 
2294 

2259 
2258 

2257 
2257 
2256 

"55 
2255 
2254 
"53 
"53 

2218 
2218 
2217 
2216 
2216 
2215 
22 14 
2214 

2»I3 

2212 

2178 
2178 

2177 
2176 
2176 
2175 
2174 
"74 
*i73 
2172 

"39 
2,38 

"37 
"37 
2136 

"35 
"35 
"34 
"33 
"33 

2099 
2099 
2098 
2O98 
2097 
2096 
2O96 
2095 
2094 
2094 

206l 
2060 
2059 
2059 
2O58 
2057 
2057 
2056 
2055 
2055 

2022 
2021 
2021 
2020 
2019 
2019 
2018 
2017 
2017 
2016 

I9«4 
1983 
1982 
1982 

.98. 

j  980 
1980 
1979 
»979 

1978 

1946 
*945 
1944 
>944 
1943 
»943 
1942 
1941 

i.4« 
1940 

1908 
1907 
1907 
1906 
19C6 
1905 
1904 
1904 
1903 
1903 

1871 
1870 
1870 
1869 
1868 
1868 
1867 
1867 
1866 
1865 

0 

I 
9 
3 
4 
5 
• 

7 

8 
9 

10 
11 
12 
IS 
14 
16 
16 

17 
18 
19 

2293 
2292 
2291 
2291 
2290 
22S9 
2289 
2288 
2287 
2287 

2252 
2251 
2251 
2250 
2249 
2249 
2248 
2247 
2247 
2246 

2212 
221 1 
2210 
22IO 
2209 
2208 
2208 
2207 
2206 
2206 

2172 
2171 
2170 
2170 
2169 
2169 
2168 
2167 
2167 
2166 

2132 
2132 
2131 
2130 
2130 
2129 
2128 
2128 
2127 
2126 

2093 
2092 
2O92 
209I 
209O 
2C9O 
2089 
2088 
2088 
2087 

2054 
2053 
2053 
2C52 
20SI 
2051 
2O50 
2O5O 
2040 
2O48 

2016 
2015 
2014 
2014 
2013 
2012 
2012 
2011 
2010 
2010 

>977 
'977 
1976 

>975 
'975 
"974 
«973 
'973 
197* 
1972 

»939 
1939 
1938 
1938 

1937 
1936 
1936 
1935 
>934 
'?34 

1902 
1901 
1 90 1 
1900 
1899 
1899 
1898 
1898 
1897 
1896 

1865 
1864 
1863 
1863 
1S62 
1862 
1861 
i860 
i860 
i*59 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 

99 
21 
22 
23 
24 
2i 
20 
27 
28 
29 

2286 
2285 
2285 
2284 
2283 
2283 
2282 
2281 
2281 
2280 

**45 
"45 
"44 
"43 
"43 
2242 

2241 
2241 
2240 
2239 

2205 
2204 
2204 
2203 
2202 
2202 
220I 
2200 
2200 
2199 

2165 
2165 
2164 
2163 
2163 
2162 
2161 
2161 
2160 
2159 

2126 
2125 
2124 
2124 
2123 
2122 
2122 
2121 
2120 
2120 

2086 
2086 
2085 
2084 
2084 
2083 
2083 
2082 
208l 
208l 

2048 
2047 
2046 
2O46 
2045 
2044 
2044 
2043 
2042 
2042 

2009 
2009 
2008 
2007 
2007 
2006 
2005 
2005 
2004 
2003 

1971 

1970 
1970 

$1 

1968 
1967 
1967 
1966 
1965 

»933 
1933 
1932 
1931 
1931 
1930 
1929 
1929 
1928 
1927 

1896 
1895 
1894 
1894 
1893 
1893 
1892 
1891 
1891 
1890 

1858 
1858 
1857 
i*57 
1856 

i*55 
1855 

i*54 
1*54 
1853 

99 
21 
99 
29 

24 
95 
28 
27 
98 
99 

99 
31 
32 
33 
34 
36 
36 
37 
38 
30 

2279 
2279 
2278 
2277 
2276 
2276 
2275 

"74 
"74 
2273 

2239 
2238 
2237 
2237 
2236 
"35 
"35 
"34 
"33 
"33 

2I98 
2I98 
2197 
2196 
2I96 
2195 
2I94 
2194 
2193 
2192 

"59 
2158 

"57 
2157 
2156 
"55 
"55 
"54 
"53 
"53 

2119 
2118 
2118 
2117 
2116 
2116 
2115 
2114 
2114 
2113 

2080 
2079 
2079 

2078 
2077 
2077 
2O76 
207S 
2075 
2074 

2O4I 
2O4I 
2O4O 
2O39 
203O 
2O38 
2037 
2O37 
2O36 

20  j  5 

2003 
2002 
2001 
2001 
2000 
2000 
1990 
1998 
1998 
«?97 

1965 
1964 
1963 
1963 
1 962 
196] 
2961 
1 960 
1960 
i?59 

1927 
1926 
1926 
1925 
1924 
1924 
1923 
1922 
1922 
1921 

1889 
1880 
1888 
1888 
1887 
1886 
1886 
1885 
1884 
1884 

1852 
185a 
1851 
1850 
1850 
i*49 
i*49 
1848 

1*47 
1*47 

39 
31 
39 
31 
34 
9ft 
98 
37 
38 
39 

40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

2272 
2272 
2271 
2270 
2270 
2269 
2268 
2268 
2267 
1266 

2232 
2231 
2231 
2230 
2229 
2229 
2228 
2227 
2227 
2226 

2192 
2191 
219O 
219O 
2189 
2188 
2188 
2187 
2186 
2186 

2152 
2151 
2151 
2150 
"49 
"49 
2148 

"47 
"47 
11146 

2113 
2112 
2111 

2111 
2IIO 
2IO9 
HO9 
2108 
2I07 
2I07 

2073 
2073 
2072 
207I 
2071 
2070 
2070 
2069 
2068 
2068 

2035 
2034 
2033 
2033 
2032 
2032 
2031 
2030 
2030 
2029 

1996 
1996 
«995 
»994 
1994 
1993 
»993 
1992 
1991 
1991 

1958 
1958 

1957 
1956 
1956 
»955 
«955 
»954 
»953 
1953 

1921 
1920 
1919 
1910 
1918 
1918 
1917 
1916 
19x6 
1915 

1883 
1883 
1882 
1881 
i88x 
1880 

i*79 
1879 
1878 
1878 

1846 
1846 
i*45 
1*44 
1*44 
1*43 
184* 
1842 
1841 
1841 

40 
41 
42 
43 
44 
45 
48 
47 
48 
49 

61) 
61 
52 
63 
64 
66 
66 
67 
68 

m 

2266 
2265 
2264 
2264 
2263 
2262 
2262 
2261 

2S6o 

2260 

2259 

2225 
2225 
2224 
2223 

2223 
2222 
2221 

2220 
2220 
2219 
2218 

2185 
2184 
2184 
2l83 
2l82 
2T82 
2l8l 
2l8o 
2l80 
2179 
'2178 

"45 
"45 
"44 
"43 
"43 
2142 
214J 
2141 
2140 
"39 
"39 

2I06 
2IO5 
2I05 
2IO4 
2I03 
2I03 
2102 
2I01 
2I01 
2IOO 
1099 

2067 
2066 
2066 
2065 
2064 
2064 
2063 
2062 
2062 
206l 
206l 

2028 
2028 
2027 
2026 
2026 
2025 
2024 
2024 
2023 
2023 
2022 

1900 
1989 
1989 
1988 
1987 
1987 
1986 
,986 
1985 
1984 
■9«4 

1952 
1951 
1951 
1950 
1950 
1949 
»94j 
1948 

1947 
194J 
1946 

1914 
1914 
1913 
1912 
1912 
1911 
1911 
1910 
1909 
1909 
1908, 

X877 
1876 
1876 
1*75 
1875 
1874 

i*73 
1873 
1872 
X871 
r87i| 

1840 
i*39 
i*39 
1838 
1838 

1*37 
1836 
1836 
1*35 
i*34 
1*34 

60 
61 
59 
53 
54 
55 
58 
67 
68 

89 
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at 
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9 
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1480 
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1 
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0278 

O252 

0227 

020I 

0176 

015] 

0126 

OIOI 

0077 

0052 

0028 

0004 

6! 

ft3 

0303 

0277 

O252 

0226 

0201 

0176 

0151 

012ft 

0101 

007ft 

0052 

0027 

0003 

82 

69 

0303 

0277 

O25I 

022ft 

O2O0 

0175 

0150 

0125 

OIOO 

007ft 

0051 

0027 

COOT 

58 

94 

0302 

027ft 

O25I 

0225 

0200 

0175 

0150 

0125 

OIOO 

0075 

0051 

0027 

0002 

64 

66 

0302 

027ft 

O250 

0225 

O2O0 

0174 

0149 

0124 

0100 

0075 

0051 

002ft 

0002 

66 

6ft 

0301 

0276 

O25O 

0224 

OI99 

0174 

0149 

0124 

0099 

0075 

0050 

0026 

0002 

66 

67 

0301 

0275 

O250 

0224 

OI99 

0174 

0148 

0124 

0099 

0074 

0050 

C025 

COO  I 

67 

6ft 

0300 

0275 

0249 

0224 

OI98 

0173 

0148 

0123 

0098 

0074 

0049 

0025 

OOOl 

68 

6ft 

0300 

0274 

0249 

0223 

OI98 

0173 

0148 

0123 

0098 

0073 

0049 

0025 

0000 

69 

Oft 

0300 

0274  0248 

0223 

0197 

0172 

0147 

0122 

0098 

0073 

0049 

0024 

0000 

60 
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ABBREVIATIONS    ADOPTED  IN  THE    ADMIRALTY  CHARTS, 
WITH   EXPLANATORY  NOTES. 


Anch** 
B.  - 
B.  (Mtr 
Bnf 

C  - 
CO.       - 

Cath.      - 
Ch. 
Chan. 
Cbeq. 
(MM  *bo 
Col* 
Cr.- 
E.D. 

Fl«  l>    « 

Fma.       < 

Ft. 

G.  • 

Qu* 

H.  - 

H*-. 

Ho. 

H-- 

ILa<M« 


-  Anthorags. 
-Bo,. 
ibooy)  Black. 

-  Baker*. 
-Bank 

•  Cape. 

-  Coast  Guard. 

-  Cathedral. 

-  Caere*. 

•  Channel. 
Chequered. 

•Of.) 

-  Coloured. 

-  67**. 
-Existence  Doubt- 

•  Floating  Light. 

-  Faffan*. 
-•  fee*  or  Foot 
•Gulf. 

•  Grwit 

•  Hour. 
-Head. 

-  Bouse. 

•  Harbour. 
e  buoy)  Borismktl. 

Stripes. 


GCVEBAX,  ABBmKTIATIOXS. 

H.W.      -  AmA  Ifafrr. 

I  #**  Hitler. 
H.W.F.&C..J       FuUfi 

I      Catfaye. 
I.    -        -Island. 
I*'   •         -Islands. 
Ku.         •  Knots. 
L.   -        -ZaAe. 
Lot  -  Latitude. 

Long.       •  Louaitude. 
I/-  -        -  jtyk 
L,#  Air.    -     „  Alternating. 
LP-P.FL-    „    Fixed  and 
Flashing. 
hu  F.       -    w  /T*erf. 
Ll  Fl.     •    r  Flashing. 
i>  Int.    •     „  Intermittent 
L"  Occ.  •     „  Occulting. 
L1*  Re?.  •     „  Revolving. 
L.W.       .  £ov  Wafer. 
n.  ineftraUffht)  Nautical   . 
Aftfc. 
Mag**      -  Magazine. 
Mag-'      •  Magnetic. 
mn.  (near  alight)  Minutes. 
Mt.  -  ilfoimtem. 

Np.         •  Neaps. 


Obt*  Spot  OktrMfttt 

S/iof  + 
P.   -        -/W/. 
FD.        .  P«*if«m  do«t> 

/•* 
P1"  •  -  PeoA 
P»-  •  -  Awif. 
R.  -         •  /fleer. 

R<  -  -  Reef. 

R*-  •  -  Rock. 

S*    •  -Sew*! 
sec.  (diti lWrbt)   $tr<mo% 

Sh.  -  -  SAoa/. 

Sp.  -  •  Springs. 

8tr.  •  Srratt. 

TeL  -  Telegraph. 

Vil.  -  Village 

vis.  racer  ft  light)    Fwolf. 
V.S.  (DOftrftpooy)   Vertical 
Stripes 
W.  (naarftbaoy)    White. 
W«.  PL  -  Watering  rt.es. 


Quality  or  me  Bottom. 


*.  • 
bfc. 
br.  • 
brk. 

e.  • 
el  • 
eti.« 
4.   . 

f.  - 


.tfacA. 


-  brohes. 


•elan. 

•  coral, 
-dark 
•fine. 

-  gravfL 

•  giubi^erina. 


gn.- 
grd. 

fc7-- 
b.  • 
m.  • 
oys 
ox.  - 
peb. 
pL  • 

r.  • 


-green. 

-ground. 

-era*. 

-hard.       . 

-mud. 

-ousters, 

-ooze. 

-pebbl*. 

-  pterapod. 

•  rech. 


rot  • 

•  rotfnk 

$.    • 

•  sojui. 

9ft.- 

•soft. 

•b.  - 

-shells. 

spk. 

-spechhel 

at.  - 

-  ttont*. 

stf.  - 

w.   • 

-stiff, 
-white. 

wd.- 

-  weed. 

J.    • 

•  yellow. 

AH  charts  andplans  are,  where  practicable,  constructed  npon  the  True  Meridian,  i>„ 
the  East  and  the  Wert  marginal  Unci  are  drawn  parallel  to  the  True  Meridian. 

Soundings  are  reduced  to  mean  Low  Water  of  ordinary  Spring  tides,  and  are 
expressed  in  fathoms  (of  6  feet)  and  fractions  of  a  fathom,  or  in  feet  and  fractions  of 
a  foot,  each  being  denoted  in  the  title  of  the  Chart. 

The  underlined  figures  on  the  dry  banks  represent  in  feet  or  fathoms  the  dVpth  of 
water  over  them  at  High  Water,  or  the  heights  of  the  banks  above  Low  Water.  Th* 
method  adopted  if  explained  in  the  Title  of  the  Chart.  This  dual  system  is  beiag 
abolished,  and  in  future  all  underlined  figures  will  indicate  feet  above  Low  Water. 

The  Velocity  or  Tide  is  expressed  in  knots  and  fractions  of  a  knot.  The  Period  of 
the  Tide  bting  shown  thus  :  1"  Qr-  2"  Q*-  3*  Qr-  4*  Q'<  for  1st,  2nd,  3rd,  and  4th 
quarter*. 

The  Rise  of  Tide  is  measured  from  the  mean  Low  Water  tore!  of  Ordinary  Springs. 
The  Range  of  Tide  is  measured  from  the  Low  Water  of  one  tide  to  the  High  Water  ef 
Ike  following  tide.    See  Diagram  on  p.  144. 


ABBREVIATIONS   A1M>PTKD   IN    ADMIRALTY   CHARTS.      925 

All  heights  are  gives  In  feet  aWe  High  Water  Ordinary  Springs,  and  in  plaret 
where  there  in  no  tide,  above  the  lerel  of  the  tea.  ("Exceptions  to  this  general  rale  an 
Mated  on  tlie  title  of  the  chart.) 

All  hea  iugs.  including  the  direction  of  winds  and  currents,  are  magnetic,  except 
when  other*  i*e  expressed.  Bearings  of  lights  are  given  as  ten  from  seaward,  and  n«4 
from  the  li^bra. 

The  natural  ^cnle,  or  the  proportion  which  the  Chart  scale  bears  to  the  earth 
(obtained  by  reducing  tlie  nojnber  of  feet  in  the  minute  of  latitude  to  inches,  and 
dividing  the  prodnct  by  the  scale),  is  represented  tha«  ~^- 

A  cable*-  length  is  assumed  to  be  equal  to  100  fathoms ;  it  is  the  10th  part  of  a  sea 


Sounding*  upon  Foreign  Chart*  are  expressed  thus  :— 

Anuria*  (Fadeti)- 6*223  EiiuhMt  left,  or  i*o;>7  English  fathoms 

Chilian  (Metre) -3281  w  1,0*547  „  „ 

Danish  and  Norwegian  (Favn)«6'l75  „  „  1029  „  m 

Dutch  (European)  (Vadcm)- 5*575  v  r  0-929  „  „ 

„      (Ea*t  Indian)  „       «  5  905  „  w  o  984  m  n 

French  (Rra*se)- 5*329  „  „  o*888  n  H 

(Metre)  »  3281  „  ,.0*547  *  '     0 

luOian  „      -1*281  „  #.0547  »  M 

Japanese  (Fn thorn) » 6  000  „  M  1  000  m  H 

P«4tugu*st  (Braca)a6*o^4  H  *  1*000  „  „ 

Qerman  (Metre) -3  281  „  „  0547  „  „ 

Rutsinn,  Sashine  or  Fathom     (Casea*)- 6-000  „  w  1*000  „  m 

Spanish  (Rraia)- 5*492  r  n  0*915  ••  » 

Swedish  (F«miii)«  5*843  »  *  0*974  n  „ 

United  8tates  (Fathom)  -  6*000  .,  „  I*ooo  „  „ 

The  Dntcb  EBe,  the  Spanish,  Portuguese*  and  Italian  Metro,  and  also  the  French 
Mitre,  are  identical 

CHARACTERISTICS  MARKED  AGAINST  LlGHTS  ON  TH1  AdMIBALTT  CHART*. 

F.  Fixed.  A  continuous  stead  v~  light. 
Fl.  Flashing.  Showing  a  single  flash. 
Gp.  Fl.  Group  flashing.    Showing  groups  of  two  or  more  flashes  in  succession  (not 

nece*sarilY  of  the  same  colour),  separated  by  eclipses. 
F.  &  Fl.  Fixed  and  fleshing.    Fixed  light  varied  by  a  single  white  or  coloured  flash, 

which  may  be  preceded  and  followed  by  a  short  eclipse. 
F.  &  Gp.  Fl.  Fixed  and  group  flashing.    The  same  at  the  preceding,  but  with  groups  of 

flashes. 
Rut.  Rerolring.    Light  gradually  increasing  to  full  effect,  then  decreasing  to  eclipse. 

[At  short  distance*  and  in  dear  weather  a  faint  continuous  light  may  be  observed  J] 
Ocg.  Occulting.   A  steady  light  with,  at  regular  intervals,  one  sodden  and  total  eclipse. 
Gp.  Occ.  Group  occulting.    A  steady  light  with,  at  regular  intervals,  groups  of  two  op 

more  sudden  and  total  eclipses. 

The  note  attached  to  Revolving  light*  is  in  tome  case*  applicaMe. 
Alt.  Alternating.    lights  of  different  colours  (generally  red  and  white)  alternately, 

without  any  intervening  eclipse. 


The  distance  the  Lights  are  visible  is  calculated  from  a  height  of  1 5  feet  abort  the  sea  at 
H.W.  Lt-Tessels  belonging  to  the  Trinity  House,  London,  are  0  loured  red^have  their 
Name  painted  on  their  sides  carry  a  Ball  at  each  mast-head,  fire  a  gun  if  a  ship  is  standing 
into  danger,  and  sound  either  a  Goxc  or  Fog  Horn  in  fo^gy  weather.  A  white  Lt.  it 
exhibited  from  the  fore-siay  of  each  Lt.- vessel,  6  feet  above  the  rail,  to  show  in  which 
direction  the  vessel  is  riding. 

When  Lt-ressels  or  other  craft  art  placed  to  mark  the  position  of  wrechs,  they  will 
be  distinguished  by  having  their  top-side*  coloured  green,  and  will  exhibit,  by  day — Three 
hoik  from  a  yard,  20  feet  above  the  sea  ;  two  placed  vertically  on  the  tide  that  shipping 
may  safely  pass,  and  one  en  the  other  side.  By  night — Three  fixed  white  Lis.  *imilar/y 
arranged,  but  the  ordinary  riding  Lt.  will  not  be  shown.  Mariners  will  thus  know  on 
sight>ng  a  wreck-marking  vessel  that  she  is  so  employed  j  and  that  they  §hiuldpa*e  on 
that  tide  of  her  on  which  the  two  ball*  or  two  Lt*.  are  shown. 
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If  umber t  in  Index  refer  /•  tht  articles;  unless  prefixed  fry  *pt*  when  page  is  ind1<muA. 


I  wummoirs  aiopted  tu  Admiralty 

charts,  p.  994,  996 
Abbreviation*,  p.  10,  note  • 

fat  Table  10..  explanation,  p.  897 
Abrolbo*,  no  change  of   temper,  of 

water  on,  1018 
Acceleration,  Table   93,  explan.   p. 

409 
Aoheu,  watnr  off,  p.  M7 
A  cote,  86,  p.  94 

Adjusting  screw*,  caution,  497 
Adjusting  compasses,  289 

Professor  Airy  on,  988 
Adjustments  of  the  sextant,  49* 
Admiralty  toe  chart,  10*9 

charts,  abbreviations  adopted  In, 
994,998 
Ad  Ten  tare,  H.M.8.  p.  878,  note? 
Age  of  tide,  919 

neuenary  for  height,  938 
Alryls  projection  of  great  circle  on 

chart,  888 
Atceste,  log,  p.  867, 879,  note 
Altitude,  del  906 
circles  of,  497 
apparent  and  true,  419 
parallels  of,  480 
changes  of ,  669 
correction  of,  p.  980 
obaerring  the  moon's,  840 

a  star's,  841 
reduction  of,  for  change  of  place, 
6*1 
to  an  intermediate  time,  660 
true  to  apparent,  667, 863 
lo  And  the,  p.  937 
on  the  merid.  668 
from  the  hour-angle,  666,  Ac 
from  the  azimuth,  668,  Ac, 
on  the  prime  vertical,  664,  Ac. 
and  hour-angle,  Table  99, 
explan.  p.  411 
Tables  48, 44,  explan.  p.  416 
change  of,  to  find,  669,  Ac. 
change  of,  at  a  given  azimuth, 
670,  Ac 

Table  46,  explan.  p.  418 
do.  and  variation  of  do.  p.  900 
Altitudes,  obserring  at  ceo,  487, 534 
do.  when  high,  836 
do.  with  hazy  horizon  or  disc,  538 
with  a  shore  horizon,  549, 550 
observing,  on  shore,  551 
manner  of  testing  a  *et  of,  556 
observed  from  opposite  points  of 
the  horizon,  536,  541 
a  set  of,  error  of  intervals,  558 
of  stars,  afford  a  check  on  the 
DR.  as  also  on  a  mistake  in  tht 
sun's  decl.  977 
Ambiguous  case,  plane  trigonometry, 

p.  50a 
amplitude,  del  446 

Table  89,  explan.  p.  419 

affected  by  refraction,  446 

con.  ot  Table  59a,  esplan.  p.  490 


Amplitude,  observing,  at  sea,  888 

of  a  star  is  best  observed  at  set- 
ting, 993 

the  observation,  not  open  to  cer- 
tain errors,  888 

to  compute  the,  887 
Analogies  or  trigon.  canons,  169 

rules  for  working  by  logs.  166 
Analogy,  48 
Auchor,  angles  for  recovering  a  lost, 

868 
Angle,  def.  81 

measure  of,  89 

acute  and  obtuse,  86 

to  lay  off,  at  a  point,  96 

at  the  sun  or  moou  in  a  lunar,  to 


And,  p.  814,  note  f 
as  to  measure  and 
107 


Angles  to  measure  i 


lay  off,  106, 


AntmalculsB  odour  the  sea,  p.  879, 

note  | 
Annatom,  bearings  required,  p.  878, 

note 
Annual/*  des  Mart*,  p.  886,  note  * 
Antarctdo  oircle,  311 
Aor,  Pulo,  p.  889 
Apparent  Altitude,  433 
dip,  906 

Table  80,  explan.  p.  411 
distance,  848  (9),  and  850 
time,  def.  474 
to  convert  into  mean,  606 
Approximate,  note  on  term,  p.  61 

are  often  preferable,  p.  978,  note 

Approximate  Doub.  Alt,  advantage  of 

the  method  in  practice,  Pref.  vi 

has  been  found  convenient,  p.  968, 

note 

Approximate  Lunar,  principle,  p.  809, 

note 

is  near  enough  in  general.  843,  p. 

306 
should  be  used  as  a  check  against 
error  in  the  rigorous  process, 
p.  804,  note  t 
affords  the  angles  at  both  bodies, 
p.  814,  note  f 
Arago,  terrestr.  refr.  686 
Arc,  def.  80 

to  convert  into  time,  670 
Table  17,  explan.  p.  408 
square  of,  to  find,  p.  418,  Tab.  56 
is  the  limit  of  the  sum  of  the 

chords,  p,  190,  note 
of  sextant,  to  test,  498 
Arctic  circle,  911 
Arithmetic  complement,  63 

application  of,  63 
Arithmetical  operations,  by  toga,  p.  90, 

64  to  73 
Arlett,  Lieut,  p.  396 
Arming,  of  the  lead,  398 
Arabeens,  p.  380  (10) 
Artificial  horizon,  617 

fluids  proper  for  the  purpose,  691 
Oomm.  Beoher's,  699,  p.  190 
bubble,  not   approved,  p,   189, 
note  t 


Artificial  horizon-top,  p.  190,  note* 
effect  of  the  height  of  the  eye,  669 
stand  for,  619 

Assumption,  solution  by,  p.  61,  note 

Astronomical  bearings,  90S  :  day,  480 

Astronomy,  Nautical  Spherics  applied 
to.  p.  63A-64A 

Atbos,  1ft.  example,  894 

Augmentation,  psemld.  440 
Table  49,  explan.  p.  416 

Australia  dews,  p.  868 

Awash,  symbol  of,  p.  899  (1) 

Axiom/ 119 

Axis,  181 

Azimuth,  del  444 ;  how  measured,  448 
to  find,  from  the  alt,  678 
from  the  hour-angle,  676 
from  the  hour-angle  and  alt  676 
from  ohange  of  alt  677 
tables  Burdwood  and  Davis,  in- 
dispensable  in  iron  ships,  note 
on,  p.  949 

tables,  Davis  star  azimuth,  p.  136, 
342,  380 

B 
Baird  A  Roberts's  Indian  Tftit  Tables, 

p.  840,  note 
Barbary,  coast,  anchorage  off,  p.  874, 

note 
Barometer,  Fr.  and  BngL  Table  87, 
explan.  p.  418 
ht.  of,  affects  the  tide,  999,  note 
Barrier  rfs.  1083 
Beatings,  compass,  891 
magnetic,  998 
true,  993 
Bearing-plate,  316 
Bearing,  del  901 
taking  a,  901 

of  land,  by  means  of  ohroa.  1914 

Beaufort,  8ir  P.,  observation  of  index 

error,  p.  188,  note  3 

notation  for  wind  and  weatbei, 

409 

Bechftr,  ComnL,  artificial  horizon,  519, 

p.  190 
Beechey,  Adm.,  sextant,  601 

remarks  on  temperature  of  too 

sea,  1039 ;  see  also  p.  870 
his  chronometers,  p  861,  note  ? 
Begat,  M.  Trait*  de  (Hodisie,  p.  161, 

note 
Belcher,  Sir  &,  remark  on  chrono- 
meters, p.  374,  note 
Bellingshausen,  Adm.,  pp.  366-7, 37J, 

notef 
Bessel's  refract  p.  401,  note 
Biot,  M.,  mirage,  p.  69,  note 
Birds  indicate  land,  1086 
Bisect,  a  line,  98 
an  arc,  100 
Black  Joke,  p.  868,  note  * 
Blackwood,  Cant,  1033 
Boat,  horizon  from,  688 
Borda's  circle,  607,  &c 
Bottom,  quality  of,  how  < 
chart*,  p.  924 

3o 
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Jfumben  in  Index  rtfer  to  themrtieto;  vmJm  prefixed  by  >,*  when  page  U  wtdfcbftdl 


Bowrlng.  Mr.  Lnnars,  p.  130,  note  ► 
Brackets,  in  Tab.  10,  denote  limits,  Ac. 

p.  389,  No.  • 
Brasses,  p.  180  (6),  and  p.  MS 
BniM,  p.  S81  (It) 
Breakers  1041 
Burokhardt,  tables,  moon's  semld.  too 

small,  p.  115  note 
Burdwood  and  Davis,  azimuth  tables, 

note,  p.  843 
indispensable  in  iron  ships,  p.  343 
Bori's  buoy  and  nipper,  403 


Cable's  length,  p.  ft* 
Calendar,  necemity  of  arbitrary  cor- 
rection, p.  1 70,  note  f 
Canon,  raising  toe,  HI 
Canons,  constructing  the,  141 
Carteret,  10*8 
Gate  etf  a  sextant,  remark  en,  p.  188, 

note 
Centigrade  therm.  Table  86,  expl.  p. 

418 
Centimetre,  Table  37,  er plan.  p.  411 
Centre  of  a  circle,  to  find,  101 
Changes  of  alt.  668 
Charts,  p.  141, 146,  note 
of  small  districts,  393 
Admiralty  abbreviations  adopted 
in,  pp.  934, 911 
Chasing,  p.  118,  note  f 
Chord,  def.  80 
Chords,  seals  of,  108 

to  oonstruct,  109 
(tonometer,  manner  of  fixing,  111 
position  to  be  presenred,  116 
should  be  compared  when  mored, 
Hi :  Chronometer  Tables,  p.  184 
to  bs  wound  np  regularly,  117 
when  stopped  how  to  seta-going, 

•17 
temperature  chief  cense  of  change 

of  rate,  638 
recommended  to  be  held  in  the 
hand  while  firing,  p.  191,  note  1 
rating.    Jar  Rmtingt  p.  198-197 
sea  rates,  p.  197 
Chronometers  perform  best  at  first, 
MO 
agreement  of,  Ml 
all  in  error,  p.  861,  note 
affected  by  " 

Iff.  note 
supplying  to  ships  generally,  Pref. 
p.ix 
Ohronotnetrto  differences,  communi- 

cation  of,  p.  If  9 
Circle,  def.  74 
to  divide,  101 
to  find  centre  of,  101 
to  draw  through  three  points,  lOf 
Circumference,  74 
Oircammeridional  alto.  708 
aril  day,  480 

time  converted  into  astron.  488 
Clearness  of  water,  1011 
Closing  a  Teasel,  p.  118,  note  f 
damp  of  trees,  symbol,  p.  199  (8) 
Coal  depot.  Table  11,  p.  684 ;  symbol, 

p.  401 
Cocoa-nut  tree,  Importance  at,  p.  888 

(4) 
Colatitude,  def.  188 
Coloured  shades,  491 

error  of,  499 
Combined  alts.,  on  the  term,  p.  1S8 

note* 
Common  denominator,  9 
measure,  p.  3,  note 
Comparison  of  two  watches,  684 
Compass,  mariner's, 
antiquity  of,  311 
asimnth,  314 
bexing,  213,  p.  66 
Committee,  Admiralty,  318 
Liverpool,  388 


Compass,  divisions  of  card,  113,  p.  64 

examination  of,  117 

liquid,  116 

points  and  degrees,  111 

to  oorr.  for  Var.  At  Dev.  of,  p.  180 

prismatic  asimnth,  114 

Sir  Wm.  Thomson's,  116 

standard,  334 

total  error  of,  907,  p.  884 

bearings,  symbol  for,  p.  399  (3) 
Complement  of  an  angle,  86 
Component  signs  (of  symbols),  p.  899 
Computation,  167  (1) 
Conjunction,  457 
Construction,  167 
Conversion  of  times,  p.  198 
Cook,  Captain,  1036, 1048 
Coral  reefs,  riavig.  amongst,  1031 
Corrollary,  114 
Correcting  courses,  for  leeway,  418 

for  variation,  331 
Correction  of  alt.  p.  380 

the  sun,  p.  331 

the  moon,  p.  388 

a  star  or  planet,  p.  333 

for  ship's  ohange  of  place,  861 

for  lapse  of  time,  669  to  679 

of  Charts,  caution,  p.  1 16,  note 

oftbedecL*cp.3u8 

for  3d  differences,  698 

of  the  long,  by  DJB.  988 
Cosecant,  def.  188 

to  find,  p.  878 
Cosine,  def.  161 

to  find,  p.  878 
Cotangent,  def.  184 

to  find,  p.  878 
Counting  seconds,  useful.  388 
Course,  def.  197 ;  D.R.  9*1 

how  measured,  197 

by  compass,  951 

to  correct  for  Tar.  and  Dev. 
331,  p.  169 

by  compass,  for  leeway,  418 

steered,  197 

shaping  the,  940 

in  a  current,  943,  p.  180 
on  a  great  circle,  944 
when  the  long,  is  uncertain, 
1039 

so  reduce  course  true,  to  coarse 
by  comoss*,  331,  p.  169 
Cross  bearings,  866 

departure  by,  866 
require  variation   to 
be  known,  36* 
Crossing  mer.  of  180°,  pp.  884  and  406, 

note* 
Cross  observation,  by  Borda's  circle,  610 
Cube,  67 

Cube  root,  to  extract  by  logs,  71 
Culmination,  def.  484 
Current,  bow  named,  290 

sometimes  assumed,  1016 

drift  of,  computed,  391 

effect  of,  is  always  mixed  np  with 
local  deviation,  398 

determination  of,  1018,  p.  160, 
160 

in  shaping  the  course,  p.  160 
Current  sailing,  p.  1 14 

charts,  p.  148,  note  f 


Daily  variations,  Tables  f  1  and  91a, 
explan.  p.  408,409 
by  Trav.  Table,  p.  879 

Dampier,  1038, 1034 

Danger  angle,  1033,  pp.  143  and  368 

Danger  discovered,  1061 
determination  of,  1066 
transmitting  account  of,  1057 
duty  of  commanders  respecting, 
1056 
in  closing  land,  1033,  p.  366 
on  ice,  p.  368  (6) 

Danish  feet,  p.  380  (9) 

Darwin,  Mr.,  p.  372,  note 


Date,  change  of,  in  crossing  mer.  of 

180°,  971 
Dates,  civil  and  astronomical,  480 
Denary,  M.,  tides  affected  by  bsrom. 

p.  840,  note 
Davis  and  Burdwood,  asimnth  tables, 
note  p.  343;  staraximuth,p.  W) 
Day  and  night  equal,  when  ran  on 
equator,  463 

lost  or  gained  in  going  round  the 
world,  970,  note,  p.  406,  note 
Day's  work,  418 
Dead  reckoning,  108 

great  importance  of,  961 
keeping  the,  964 
errors  of  the,  961, 956 
Decimals,  p.6 

omitting  some  places,  35 
reduction  of,  p.  8, 9 
Decimetre,  Table  37 
Declination,  def.  441 ;  circles  of,  441 
parallels  of,  443 
Tables  of,  p.  430,  p.  698 
oorr.,  679, 889,  p,  308a,  p,  334 
Deep  sea  lead,  898 

heaving  the,  400 
Definitions  in  Navigation,  178-911 
in  Nautical  Astronomy,  411-463 
Spherics,  p.  68a,  66a 
Degree,  def.  76  ;  of  long.  194 
Degree    of   dependance,  Pref.   Til; 

principles,  p.  69 
Degrees  of  lat.  unequal  in  M  ercssx 
Chart,  879 
proportion  of  on  Mere.  Chart,*?* 
Denominator,  def.  9 
D'Bntrecasteaox,  1086 
Departure,  def .  300 
taking  a,  847 
is  secured  up  to  the  latest  period, 

408 
and  oorreep.  Diff.  Long*  Tabs 
8,  explan.  p.  881 
Departures,  Chap.  IV.  p.  187 
by  a  brat  ing,  846 
by  sound,  351 
by  soundings,  Iff 
by  two  bearings 

run,  880 
by  alt.  of  a  summit,  183 
by  bearing  and  1st.  or  long.  374 
by  cross  bearings,  386 
by  two  angles,  868 
'    )  alts,  of  a 


by  two  alts,  of  a  summit,  361 

when  in  a  line  between  two 
points,  871 
Depression,  true,  def.  105 

Table  9,  explan.  p.  3<7 
Description-symbols,  p.  897 
Determinations  of  places,  mode  of 
indicating  acooraoy  of,  p.  396 

good  do- marked  $  or  noted  te 
decimate,  p.  *»« 

bad  do.  marked  O,  p.  8* 
Deviation  of  the  compass,  131 

how  determined,  334 

fable,  138 

curve  of,  138 

Napier's  onrve  of,  139 


by  straight  line  method,  110 
laws  of  iti  ohange,  346 
semicircular,  948 


qnadrantai,  349 
constant,  350 
separation  of  parts,  361 
effect  of  electricity  on,  356,  p. 

101 
to  correct  courses  and  bearing* 

for.  338,  p.  169 

semicircular,  to  correct,  363-254 
qnadrantai,  to  correct,  349 
coefficients  of,  367 
Diagonal  scale,  106 
Diameter  of  a  circle,  78 
of  the  earth,  180 
apparent,  of  the  son  and  nxwe 

affected  by  refraction,  p.  lti» 

notef 
measuring  do*  p.  183  (3) 
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of  alt  to  compote,  669 
Is  a  tort  of  observation,  666 
of  asbnnth  required  In  a  double 

altitude,  749 
oflAi.doi.188 
bow  found,  189 
of  long  deL  194 
bow  found,  199 

determined  by  ohron.  Iff ,  note 
Diff.  Long,  and  corrce.  dep.  Table  4, 

p.  381 
Dip,  magnetic,  discovery  of,  133 
ohanget  in,  132 
map  showing,  233 
Dip  of  the  borison.  20* 

Table  90,  explan.  p.  411 

li  variable,  907 

may  be  employed  to  the  nearest 

min.  only,  p.  419 
accuracy  necessary  when  the  eye 

fa  low,  946 
of  a  shore  borison,  Table  99,  ex- 
plan,  p.  419 
sector,  p.  184,  note  X 
Discoloured  water,  1049 
Distance,  naotioal  term,  del  199 
error  of,  960 
between  two  places,  to  least  on  a 

great  circle,  336 
mt  the  land  in  taking  departures, 

949 
of  sea  borison,  Table  8,  and  p.  386 
methods  of  determining,  Chap.  1 V . 

by  sound,  399 
navigable  Meroatorial,  Table  19, 
ezplan.  p.  406 
Distance,  by  change  of  bearing,  360; 
Table  7,  ezplan.  p.  886 
by  alt.  of  land,  999, 394 
by  change  of  alt.  361 
of  the  oelestial  bodies  is  deter- 
mined by  their  parallax,  436 
Distortion  of  charts,  p.  146,  note 
Diurnal  inequality,  916 
Divide  a  line  into  equal  parts,  99 

a  circle  into  parts,  101 
Division  by  logarithms,  69 
Dockyards,  a  list  of ,  p.  694 
Do  1  load's  circle,  516 
Double  altitude,  p.  255 

Spherics  applied  to,  p.  63A 
of  the  same  body,  p.  256 
short  double  alt.  790 
observations  on  tame  side,  729 
Degr.  of  dependence,  730 
on  different  sides  of  meridian,  731 
Degr.  qf  dependence,  793 
when  not  known  on  whioh  side 
of  meridian,  728 
by  stars  or  the  moon,  734,  Ac 
when  one  alt.  to  near  the  meri- 
dian, 787 
by  the  sun,  799 
by  the  moon,  741 
by  a  star,  741 
by  a  planet,  743 
Degr.  of  dependence,  745 
when  neither  altitude  is  near  the 

meridian,  746 
tbe  simplest  cane,  760 
by  tbe  sun,  761 
by  the  moon,  766 
by  a  star,  763 
by  a  planet,  764 
D*gr  c/  dependancet17l 
Ivory's  method.  767 
correction   of   laL,   p.  "66  and 
Table  71,  explan.  p.  428 
li  different  bodies,  759 
one  alt.  near  the  merid.  761 
below  the  pole,  766 
observations    not  at  the  tame 

instant,  764 
neither  alt.  near  tbe  merid.  746 
the  general  or  rigorous  process,770 
Degr.  qf  dependence  by  any  of 

these  solutions,  771 
•or  neccswy  to  correct  for  diff. 
long,  made  good,  p.  964,  note 


Doable  rale  of  three,  p.  15 

Double  sextant,  general  method  of 

using,  604 
D.R.,  abbrev.  of  dead  reckoning,  909 
Drift  of  a  current,  290 
Ducom,    Cours  dOtmreaUons    Nau- 

tie***,  p.  266,  note 
Du  Petit  Thouars,  M,  p.  196,  note  t, 

1038 
DTJrville,  If.,  voyage,  1036 
Dutch  feet,  p.  38o  (I) 
palms,  p.  380  (4) 


BaBTB,  how  magnetised,  236 

figure  and  magnitude,  180 
Easting  or  Westing,  900 
Eclipse,  466 
Ecliptic,  469 

Elevation  of  observer  affects  place  *f 
borison,  206, 446  (2),  646 

affects  refraction,  p.  414,  note 

effect  of,  on  altitude,  669 

on  time  of  rising  and  setting, 

638 
on  amplitude,  446  (1),  p.  926, 
note 
Entire  correction,  907, 961 
Epaots,  Table  14,  explan.  p  407 
Equal  alts.  796 

at  sea,  798 ;  on  shore,  808 

equation  of,  797 

logs,  for  computing  do.,  Table  72, 
explan.  p.  428 
Equal  oorr.  for  ohange  of  refract.  810 
Equation  of  time.  476 

to  reduce,  583,  684,  p.  208  a 

table  of.  Table  62,  explan.  p.  421 
Equator,  def.  182 

days  and  nights  equal  on,  182 

oelestial,  426 
Equatorial  instrument,  p.  177,  note 
Equiangular  triangles,  148 
Equilateral,  87 
Equinoctial,  182 
Equinox,  468 
Ericsson**  lead,  p.  163 
Error,  Total,  of  oompass,  907,  p.  834 
Errors,  effects  of,  in  any  computation. 
See  Degree  of  Dependanee  iii  the 
case,  p.  62 

of  the  D.R.  p.  363 

of  the  time  at  sea,  978, 981 
Establishment  of  the  Port,  vulgar,  921 

correct,  929 

is  an  interval,  937 
Estimate  angles,  useful  to  be  able  to, 

492 
Evolution,  70 


Falcon,  Captain,  p.  106,  note 
Pavne.  p.  380  (1 ),  and  p.  926 
Poejee  Is.  water  clear,  1082-8 
Feet,  no.  of  in  a  sea  mile,  186,  p.  104, 
note,  and  Table  64a 
iiO.  of,  subtending  1',  Table  9, 

explan.  p.  987 
Danish,  Dutch,  Ac,  p.  380 
Figuie,  useful  to  refer  to,  in  the  mind, 
167  (3) 
the,  is  the  ground  of  the  mathe- 
matical solution,  p.  61  (3)     • 
shewing  deduction  of  lat.  from, 

mer.  alt.  462 
shewing  deduction  of  mean  time 

from  a  star's  hour-angle,  472 
shewing  deduction  of  mean  time 
from  the  sun's  hour-angle,  478 
or  digit,  the  last,  36 
Figures  of  different  tracks,  890 

used  in  tables,  Pref.  p.  vil  and 
viil 
First  meridians,  191  and  p.  399 


Fisher,  remark  on  chronometert,  p. 
191,  note 
on  observing  the  hazy  disc  of  the 

sun,  p.  196,  note 
on  lunar  observ.  p.  361,  note 
Pltaoy,  Capt,  additions  to  the  sex- 
tant, 600 
remark  on  ohrons.  p.  192,  note  \ 
chronometrio  measures,  p.  361, 
note ;  see  also  p.  368 
Fixed  stars,  p.  169,  note  * ;  principal, 
R.A.  and  declination  of,  Tabls 
68,  explan.  p.  421 
times  of  passing  mer.  TabW  97 
explan.  p.  410 
Fleurieu,  1068 
Flinders,  968,  note 
Fog  or  hose,  observing  in,  588, 639 
Fog-banks  sometimes  taken  for  land 

1044 
Foreign  charts,  soundings  how  ex* 
pressed  on,  p.  926 
measures,  p.  37x,  380 
Forging  ahead  or  astern,  993 
Fractions,  p.  1 
decimal,  p.  6 

to  convert  vulgar  into  decimal,  82 

to  convert  decimal  into  vulgar,  94 

French  measures  p.  380,  and  Tables 

96, 37,  explan.  p.  413 
Frigid  rone,  111 
Fuel,  how  symbolised.    St*  b,  p.  401 


Oauttier,  observations  of  dip,  536 
Geographical  mile,  p.  379  ;  Table  64  A 
Geometry,  defs.  p.  21 ;  problems,  p.  24 
Geometry,  Theorems,  p.  83 
George,  Mr.,  sextant,  602 
Gimbals,  217 

Givry,   If.,   remarks    on    refraction, 
p.  196,  note 

on  chronometers,  p.  192,  note  \ 
Glasses,  sand,  266 

should  be  often  examined,  267 
Globe,  def.  90 

principle  of  rectifying,  p.   161, 
note 
Good  Dead  Beckoning,  962 
Graham  shoal,  p.  365,  note 
Grant,  Sir  Rn  p.  249,  note 
Graves,  Oapt.,  p.  266,  note 
Great  circle,  def.  386,  p.  66a 
Great  circle  sailing,  386,  p.  62a 

places  on  same  side  of  equator 
387  ;  da  on  diff.  do.  388 

Includes  the  case  of  sailing  on  a 
meridian,  340 

Sves  the  shortest  distance,  336 
seps  the  port  directly  ahead,  340 
projection  on  the  chart,  386 
point  of  max.  separ.  in  lat.  346 
Airy's  method  of  projecting,  888 
Davis  star  azimuth  tables,  use  of 

in  projecting,  p.  136 
Godfrey's  chart  and  diagram,  389 
Towaon's  diagram  and  table,  347 
Greatest  common  measure,  8,  note 
Greek  letters  for  stars,  666 
Greenwich  date,  481 

to  find,  without  chron.  676 

by  chron.  676 

refer  to  in  crossing  Pacific  Ocean, 

pp.  364  and  406,  notes 
M.T.,  correction  of,  for  2d  diff.  of 
lunar  disk  Table  67,  p.  419 
Ground  log.  265,  note 
Guepratte,  642.  p.  178 
Guns,  sound  of,  from  splitting  of  ice, 

1048 
Gunter's  scale  not  described  in  this 
work,  Pref.  vi 


Hack  watch,  664 

Hall,  Oapt.  B.,  index-error,  pp.  183, 
366,  no* 
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Hall,Cnpt.B., 

observ.  of  the  sea  horizon,  596 

observ.  of  planets,  p.  356,  note  t 
Hand  lead.  399 
Hartnup,  Mr„  p.  179,  Bote 
Heather    on    mathematical    inslru- 

menu,  p.  S3,  note 
Heave  of  the  sea,  961 
UevUng  error  of  compass,  f M 

how  oorreoted,  256,  p.  100 
Height  of  eye,  908,  446  and  646 
IMf  ht  of  land  may  be  found  by  trial, 
p.  888.  note 

b  reckoned  from  H.W.  p.  388 

of  tide,  oomput.  of,  994 
Rertoh+1,  blr  J,  p.  169,  note  f 

planet,  p.  169,  note  t 
Hewett,  Capt.,  rating  ohroo.  at  sea, 

p.  194,  note 
High  land,  finding  ship's  diet,  from, 
MS 

by  Lecky's  tablet,  p.  148 

alt  of,  subject  to  variations,  907 
■Ifh  water,  to  find  time  of,  roughly, 

986,  nearly.  98S 
Home,  8ir  Bv„  1084,  p.  889 
Horteon,  eea,or  Tlefbie.  904,  Table  8 

apparent  placet  of.  ohanges  with 
temperature,  908 

from  a  boat,  888 

E lace  of  da  in  a  fog,  p.  191,  note 
1  in  the  eame  state  all  round,  886 
undulation  of,  indicates  extraor- 
dinary refractions,  p.  196,  note* 
refraction  of,  affected  by  shoals, 

Ac,  p.  196,  note  • 
rational,  491 ;  distance  of,  p.  886 
Horuontal  parallax,  485,  p.  166 

of  Moon,  Planet,  888,  Tables  40 
and  48 
Horn  semicircle,  or  protractor,  108 
useful  in  laying  down  points, 
868 
Horsburgh,  pp.  881,  886,  notes 

instance  of  fallacious  agreement 
of  lunar  and  ohronom.  p.  881, 
note* 

do.  of  erroneous  lunars,  p.  881, 
notef 
Hour-angle,  def .  467 

to  find,  from  mean  time,  609 
of  the  sun,  609 
by  Spherics,  p.  68a 
Hour-angle,  of  the  moon,  61S 
of  a  star,  611 
from  the  alt.  618 
from  a  doub.  alt.  p.  976, 

note 
from  the  azimuth,  616 
from  alt.  and  asira.  617 
from  ohanges  of  alt.  near 
the  inerid.  622 
on  passing  the  prime  vertical,  618 

Table  29,  explan.  p.  411 
at  rising  and  setting,  690 
Hypothenuse,  def.  89 

'1  radius,  p.  47  (8) 


Id,  neighbourhood  of,  may  be  indi- 
cated by  temperature,  1040 
chart,  1062 
lue  Islands,  a  danger.  1089 
taken  for  land,  1046 
danger  of  landing  on,  p.  368  (6) 
decrease  of  *ind  near,  1082 
drift  of.  1061 
blackness  at  night  and  in  fog, 

near,  1082 
yields  fresh  water,  bat  not  a)  ways, 
1084  (6),  p.  889 
Illusory  appearances,  1048 
I  mores,  lit.,  an  example,  894 
Index  of  a  logarithm.  57 

to  pit,  19 
trdnx  bar  of  a  qvadrant  or  rext*nt 
spring  of,  p.  142,  note  f 


Index  error,  498 

to  measure,  by  tbe  horisoc, 

496(1) 
by  the  son,  496  (2) 
Indian  tides  and  tide  tables,  p.  840, 

endnote 
Inspection,  nature  of,  167 
Instruction  rtgUw*nt9trt%  eta,  p.  192, 

note  J 
Instruments  of  navigation,  p.  68 

nautical  astron.  p.  178 
for  drawing  geometrical  figures,  91 
So*  Heather  on  p.  82 
Interpolation,  80 

note  on  mental,  p.  216 
for  seoond  differences,  p.  214 
Interval 

of  aid.  T.  to  turn  to  M.T.  603 
of  M.T.  to  turn  into  &T.  601 
in  a  double  alt  not  to  be  cor- 
rected for  change  of  long.  p. 
284,  note  t 
Inverse  proportion,  62 
Involution,  66 
Iron,  hard  and  toft,  287 

magnetised  by  induction,  287 
transient  magnetism  of,  287 
permanent  magnetism  of,  287 
used  in  adjusting  compasses,  240 
upright,  241 
horisontal  radially,  242 
borixontal  tangentlally,  248 
spheres,  243,  p.  90 
Flindent'  bar,  bow  used  in  adjust- 
ing oompaeses,  247 
Irradiation,  712 
Islands,  small,  appearance  different  at 

high  and  low  water,  1060 
Teosoe'es  triangle,  87 
Ivory*s  refract,  p.  412,  note 
method  of  double  alt.  757 


Johnson,  A.  0,  on  Let  and  Long.  878a 

Journal,  ship's,  408  to  413 
suggestions  on,  413 
ex.  of  man-of-war's,  418 

Jupiter,  planet,  p.  170,  note 

R.A.  and  deoL  to  reduce,  696 
obeerred  by  day,  p.  866,  note 
long.,  by  (satellites  of),  878 


Kbrouklbn,  Voyage,  1047 
Kilometre,  Table  87,  explan.  p.  418 
King,  Oapt,  p.  851,  note 
Knot,  260 

Krusenstern,  Admiral,  p.  878 
his  Memoirs  quoted,  1058 


LA  Cait-LR,  542 

Land,  m  iking  the,  1029 

when  approaching,  1033 
when  to  be  set,  408 
indications  of,  1088 
last  point  mentioned  (Table  10), 
position  of  given,  p.  889 
Latitude,  def.  184 

how  deduced  from  the  mer.  alt.  482 
is  measured  in  miles,  186.     See 

Spheroidal  Tables,  64a 
diff.  of,  188-9 

is  determined  absolutely,  680 
importanoe  of,  p.  243,  note 
reasons  for  introducing  the  seve- 
ral methods  in  this  work,  p.  248, 
note 
account,  or  dead  reckoning,  954 
errors  of  D.R.  964 
in  a  double  alt.  p.  960,  note 

Finding  t>p  06*  rvation, 
by  Mer.  alt,  681 

of  the  sun,  682 
of  the  moon,  693 
of  a  star  or  a  pUiiet, 


Latitude  by  Mer.  ait. 

Degr.  0/    Depmtante  of  tfcjf 

method,  696 
figures  illustrating,  p.  168 
by  Seduction  to  the  meridian, 
p.  249,  p.  63a 
by  the  sun,  699 
by  the  moon,  or  star,  or  a  pla- 
net, 703 
not  near  noon.    See  Domft  AM, 
p.  266,  Degr.  of  Depmdamee,  'M 
by  equal  alts,  near  noon,  782 
da  not  near  noon,  746 
by  Circummeridional  alts. 
by  the  sun,  706 
by  a  star,  pole  star,  or  a  planet . 
718-717 
by  Double  Altitude,  p.  255 
Degr.  of Depe»dancr%  780 
by  Alt.  of  the  Pole  Star,  717  and 
p.  277 
Latitudes  and  Longitudes  of  Places. 
See  MmrUme  Positions,  Table  16 
on  transmitting  corrections  of, 
1087 
Lasarev,  M-,  647 
Lead,  397,  Ac  ;  Massey**,  402 

rate  of  descent  of  hand,  397 
Lead-line,  899 

when  re-measured  should  bt  wtt, 
399,  note 
League,  199 

Leaky  s  danger-angle  tables,  p.  143 
Leeway,  202 

to  correct  the  oourse  for,  418 
should  always  be  marked  on  tht 
log-board,  407 
Leg  of  an  angle,  81,  p.  86 A 
Lighthouses,  painted,  p.  390,  nots 
Lights,  to  make,  p.  368,  note 
remarks  on,  pp.  403,  404 
lights,  how  shown    ou   Admiralty 

charts,  p.  925 
Limits  of  obs.  and  methods,  p.  51 
Log,  ship's  journal,  403  to  413. 951 
heaving  the,  289,  263;  caution, 

265 
Maeeey's,  264  ;  Walker's,  p.  105 
ground  do.  265 ;  attention  to.951 
Log-line  and    lead-line,    should  t» 
wetted  when  measured,  98 
line  erroneous,  262 
should  be  often  examine*!,  263 
Logarithm, 

to  find  the,  of  a  number,  58 
to  find  the  number  corresponds! 

to,  69 
to  plaoe  the  index,  58 
Logarithmic  difference,  Table  73, 
explanation,  p.  428 
to  correct  for  bar.  and  therm. 

Table  73 
to  compute  the,  p.  429 
Logarithmic  sines,  cosines,  Ac 
to  half  minutes,  Table  68, 

explanation,  p.  434 
derivation  of  these  quantitifs, 

from  the  log.  sine,  p.  4J4 
sines  to  ten  seconds,  Table  Mi 
explan.  p.  424 
Logarithms,  56.  Ac 

arithmetical  operations,  by /i*«; 
practical  suggestions  in  wing.  W 
number  of  places  to  be  wed.  6U 
remarks  on  an  abuse  of,  p  *'*» 

note 
reasons  for  the  number  of  pi*"* 

given,  Fref.  vili 
uses  in  trigonometry,  165 
of  numbers,Table  64^  explan.  p-*" 
Log.  sine,  to  oonvert  into  a  prop* 
ttonal  log.  p.  430 
subtracting,    use    of   *°8* 

■eoant,  dec,  p,  49,  note 
square.  Table  69;  expb*' 
tioo,  p.  426,  same  *•  H> 
haversines 
Lonjrftude.  def.  191 

may  be  reckoned  either  E.orW.  1  °» 
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Longitude,  bow  measured,  193 
diff.  of,  194, 195 
is  determined  relatively    only, 

836 
by  account  orDead  Beokoning,9*5 
It  more  correctly  kept  in  low 

lata.  967 
•orreetion  by  Table  1,  p.  878a 
ahoald  be  marked  on  chart  tor 

time  of  observation,  1007 
finding  bj  observation,  p.  29/ 
by  ohron.  827 
by  lanar,  p.  301 
by  the  moon's  alt.  864 

to  diminish  the  errors  of  this 
method.  866 

choice  of  results,  868 

Degr.  qf  Dependancr,  869 
by  an  occultation 

of  a  star,  878 

of  a  planet,  878 

Degr.  of  Dependant*,  877 

2i  Jupiter's  satellites,  878 
fferenoe  or,  to  determine,  830 
particulars  essential,  *35 
Loagitudea  of  phtoes,  Table  10 

of   first  meridians,  adopted  on 

foreign  oharts,  p.  896 
of  secondary  meridians,  pp.  898- 

89* 
talegraphic     determination    of, 

notes  to,  pp.  898-6 
by  lunars  and  chrons.  mixed,  no 
longer  of  value,  p.  390 
Loxodromlo  curve,  p.  134,  note  f 
Labbock,  Sir  John,  on  tides,  p.  386, 

note 
Lnnor  distance,  to  correct,  p.  308 

clearing  the  approx.   methods, 
Pref.vii 
1st,  Inspection,  841 
3d,  Logarithms,  844 
Rigorous  method,  846 
special  corrections  of,  861 
elliptical  disc,  869,  and  Table 

68,  explan.  p.  417 
spheroidal  flg.  of  earth,  863 
inequalit>  of  moon ••  motion  ,866 
these  corrections  cannot  all  lie 

the  fame  way,  869 
effect  of  error  of  1'  in,  Table  68, 
explanation,  p.  419 
Lunar  observation,  determination  of 
the  long,  by,  886 
In  polar  regions,  989 
Spherics  applied  to.  p.  63a 
danger  of  trusting  to  one  only, 

p.  861,  note  • 
moan  of  two  not  always  correct, 

p.  361,  notef 
by  the  sun,  847 
D7  a  star  or  planet,  849 
finding  the  time  at  Greenwich, 

computation  of  the  alts,  in,  868 
Mr  tables,  error  of,  863 
Lynn's  Tables,  p.  363,  note 


M  and    N.     See  Spherical    Tt-rrterm 
Table  (Table  6),  explan.  p.  383 
Maclear,  Mr„  long,  of  Madras,  Pref.  U 
Magnetic  force,  total*  933 
vertical,  383 
horizontal,  388 

horizontal,  table  of,  338,  p.  88 
measuring,  384 

adjusting  compasses  by,  266,  p.  98 
attraction,  334 
repulsion,  88* 
induction,  336 
Magnetism  red  and  blue,  868 
Magnets,  need  in  adjusting  compares, 

339,  946 
Magnetic  beartitg*  end  courses,  a  no- 
tation tor.  p.  399 
Magnitudes  of  the  stars,  p.  423,  and 
note» 


Making  the  land,  1039 
Mantissa,  p.  18,  note 
Maritime  positions,  amtngemrnt  p. 
390,  and  Pref.  viil 
heights  given,  p.  387,  last  par. 
abbreviations,  p.  886 
given  to  1',  and  ten  tin  of  1',  p.  888 
symbols  denoting  degree  of  pre- 
cision, p.  381 
do.  description,  p.  383 
secondary  meridians,  p.  391,  Ac 
Table  10,  explan.  p.  387 
Marquoi's  rulers,  91,  note 
Mars,  R.A.  and  decL  to  reduce,  694 

period,  p.  169,  note 
Martin,  Mr.  K.  R,  observ.  on  refrac- 
tion, 309 
Maskelyne,  Dr.,  p.  194,  note 
Massey  a  log.  364 ;  lead,  408 
Maximum  separation,  in  1st,  point  or, 

346 
Mean  level  of  the  sea,  930 
Mean  time,  476,  p.  174 

how  deduofd  from  the  motion  of 

a  star,  478  (4),  p.  176 
how  deduced  from  the  motion  of 

the  sun,  478  (1) 
to  convert  into  app.  time,  636 
to  convert  into  aid.  time,  608, 
Table  33 
Means,  remarks  on  taking,  998, 1003-8 
Measures,  French  and  English,  Tab.  87, 
p.  418 
foreign,  reduction  of,  p.  379-381 
Mimoire  tur   FEmploi   dee    Chrcni- 

metres,  p.  193,  note  $ 
Mercator's  Chart,  378,  379 
construction  of,  891 
use,  380 
to  find  lat.  and  long,  of  a  point 

on,  380 
to  find  the  bearings  between  two 

places,  881 
to  find  the  distanoe  between  two 
places  (on  the  rhumb  line),  882 
to  find  the  ship's  place  on  the 
chart  by  her  course  and  disk  88 1 
to  lay  off  a  point  on  the  chart,  884 
projection  of  the  voyage  in  a  great 

circle,  886  ;  Ally's,  388 
fig  ires  of  different  tracks  upon, 

390 
charts  of  districts,  899 
Mercator's  sailing,  831 

is  a  perfect  method,  831 
caution  in  high  late.  383 
selection  of  Meroator  or   Mid. 
lat.  sailing,  880 
MeroaforJal  Distances,  Table  13,  ex- 
planation, p.  406 
Meridian,  def.  183 

first,  191  and  p.  896 

celestial,  436 

times  of  passing,  p.  334 

of  the  sun,  633,  <tc. 

of  the  moon,  637 

of  a  star,  636,  and  Tables  37  snd 

27a,  explanation,  p.  410 
sailing  on  a,  is  a  case  of  great 

circle  sailing,  840 
of  180°,  crossing,  pp.  354  and  406, 
notes 
Meridian  alti'ude  is  not  Uhe< maximum 
alt.,  except  of  a  star,  p.  244, 
notef 

reduction  to,  700 ;  Tables  for,  47, 
48.  49,  snd  60 

to  find  from  decL  and  lat.  668 
Meridian  distance,    Hour  Angle,  468 
Meridians,  secondary,  Pref.  x,  828, 825, 
and  p.  388,  893 

denoted  in  Table  10  by   small 
capitals,  p.  388,  par.  6 
Meridional  diff.  lat.  333 
Meridional  parts,  Table  6,  explan.  p.  3f  0 

computation  of,  p.  886 
Methods  of  solution,  167 
Metre,  Table  87  and  p.  926 
Middle  latitude,  314 


Middle  lat.  sailing,  313 

founded  on  par.  sailing,  819 
has  two  oases,  318 
is  not  a  correct  method,  83! 
may  be  made  as  correct  as  re- 
quired, in  one  ca«e,  830 
is  preferable  to  Mercator's  •ail 

tag,  in  one  case,  833 
estimation  of  error  of,  381 
selection  of,  830 
deduction  of  rules,  313 
old  rule  erroneous,  y.  132.  note 
Mile,  sea,  nautical  or  geographical,  188, 

199,  260,   note;   and    p.    386, 

note 
statute,  p.  379  (1) 
the  term  used   erroneously  by 

seamen  for  minutes  of   Lou*. 

p.  863,  note  t 
See  Spheroidal  Tables,  64a 

explanation  p.  423 
Millimetre,  Table  87,  explan.  p.  418 
Minutes  of  arc,  76 

of  Long,  are  not  miles,  p.  363 

notef 
Moon,  mean  period  of  revolution  or  s 

lunation,  p,  407,  Table  14 
jointly  with  the  sun  produces  the 

tides,  909 
age,  to  compute  roughly,  933  (I) 
alt.  remark  in  observing,  640 
to  correct,  664 

correction  of  Table  89,  explana- 
tion, p.  414 
long,  found  from,  p.  819 
declination,  to  reduce,  689  and 

Table  22,  explan.  p.  409 
Right  Ascension,  to  reduce,  591 
ieart  and  greatest  variations  of, 

591 
hor.  parallax,  to  reduce,  688 
semidiameter,  to  reduce,  688 

too  small,  p.  815,  note 
effect  of  error  of  her  place,  In  a 

lunar,  4c.  863 
merid.   pass,   to  find,  687,  and 

Table  38,  explan.  p.  410 
rising  and  setting,  687 
to  allow  for  refraction  and  height 

of  eye,  638 


Nadir,  def.  433 

Names  of  places,  differently  given  by 

different  people,  p.  389 
Napier's  curve  for  deviation  of  com- 
pass, 229 
Napier's,  Lord,  Rules  for  Spheric*,  p. 

67A 
Natural  sines,  cosines,  tangents,  &a 
Table  65,  explan.  p.  423 
scale  on  Admiralty  Charts,  p.  925 
Navigating  the  ship,  p.  347 
Navigation,  def.  p.  66 
instruments  of,  p.  63 
of  H.M.  ships,  Notes  on,  p.  376 
Nautical  Almanac,   Hourly  variation 

of  elements  in,  679-596 
Nautical  astronomy,  pp.  62A-64A,  161 

instruments  of,  p.  178 
Nautical  Magazine,  1839 

disoussion  of  longitudes  in,  Pref. 
p.  viil,  and  p.  391 
Nautical  mile,  186,  199,  p.  104,  note, 

and  Table  64a 
N  earing  the  port,  rate  of,  286 
Night  observation,   541;   should    be 

practised,  977 
Noon,  obsns.  at,  marked  in  log.  405 


Obuqux  angled  plane  triangles,  50a 
Oblique  ciroles,  p.  66a 

Spherics,  p.  58a -61  a 
Observations,  on  taking,  with  or  u  ita 
out  assistants,  p.  201 

oa  a  field  of  ice,  483 
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Observer  should  take  all  parts  of  an 
observation  himself,  663 
should  always  be  cartful  to  ob- 
serve accurately,  631 
Obtuse,  86,  p.  24 
Ooc  jltation,  long,  by,  p.  322 
Olympus,  Mt^  example,  difference  of 
beariogs  on  chart  and  globe,  394 
Orthography  of  names,  p.  389 
Outer  alt,  the  term,  725,  740  (3) 
Owen,  Admiral  Sir  Bdw   IL,  remark 
on  double  aits.  p.  263,  note 
▲dm.  W.  F.  W,  doable  alts,  p. 
266,  note 

the  examples  chiefly   from  his 
journals,  Prel  vii 
Captain  EL,  remark  on  jumps  of 
chroiu  p.  193,  note 
on  changes  of  temperature  on 
ehron.  628,  4c 


Pacific  Oauir,  change  of  day  in 
crossing,  pp.  364  and  406,  notes 

Pairing  stars  for  1st.  716, 717 

Pallnurus,  318,  p.  70 

Palms,  Dutch,  p.  380  (4) 

Paper,  chart,  distortion  of,  p.  146,  note 

Parallax  in  alt.  436 

less  as  distance  increases,  436 
varies  with  the  observer's  lat.  437 
of  the  sun,  Table  34,  expLp.  413 
of  the  planets,  Table  46 
of  the  stars,  or  annual,  appre- 
ciable only  in  one  or  two  oases, 
p.  169,  note* 

Parallel  circles,  p.  Ma 

Parallel  lines,  73, 93,  94,  p.  22 

Parallelism  of  the  telescope  in  a  sex* 
tant,  496  (3),  Table  64 

Parallelogram,  130 

Parallel  sailing,  301 

may  be  used  when  the  course  is 

not  due  B.  or  W.  310 
principles,  302-3 
figure  of  track  on  the  chart,  390 

Parenthesis,  in  Table  10,  use  of,  p.  389 

Parry,  Sir  Edwn  686, 1062,  p.  869 

where  wintered.    See  Table  10 
(coL  141, 143. 144) 

Passage  of  the  meridian,  p.  224 
8ee  Table  12,  explan.  p.  408 
across  Pacific  Ocean,  p.  364 
round  the  world,  pp.  364  and  406 

Perpendicular,  def .  88 

methods  of  drawing,  96,  8T 

Personal  equation,  pp.  63, 64 

Pliipps,  voyage,  1046 

Pieds,  p.  380  (7) 

Place  of  the  »hip  is  determined  In  two 
ways,  179 

by  Dead  Reckoning,  964 
by  Observation,  974 
remark  on  finding,  990 
change  of,  how  affects  alts.  648 

Places  called  by  dilL  names,  p.  389 

Plane  chart,  892 

Plane  sailing,  271 

Plane  triangle,  87,  note 

Pla^e  trigonometry,  p.  44  to  61  a. 

Planets  enumerated,  p.  169,  note 
observed  best  at  twilight,  977 

Pocket  sextant.  486,  George's,  60S 

Points  of  the  compass,  76, 197 

Polar  angle,  770 
circles,  211 
distance,  44* 

Pole,  424 

Pole-star,  to  find.  667 

oorr.  of  alt.  Table  61 ,  explan.  p.  417 

Port,  rate  of  olosing,  286 

Is  kept  right  ahead  on  a  great 
circle  only,  340 

Position  of  ship  with  respect  to  land, 
bow  determined,  Chap.  IV.  pp. 
187-143 
on  the  chart,  p.  861 
on  a  line  of  bearing,  1009 


Position  of  ship,  by  two  angles,  368  to 
372 

by  altitude  of  high  land,  363  -366 
by  Leoky's  tables,  p.  143 
Pom  era  of  numbers,  66, 67 

of  a  telescope,  648 
Practical  geometry,  p.  31 
Pricking  the  ship  off,  1004 
Prime  vertical,  def.  428 

time  of  passage 
of  the  sun,  680 
of  the  moon,  633 
of  a  star  or  planet,  633 
accurately,  634 
altitude  on  the,  664 
Problem,  def.  73 

Projections,  properties  of  certain,  892 
Proportion,  direct,  pp.  10,  11 

inverse,  p.  16 
Proportional  logarithms,  Table  74,  ex- 
planation, p.  429 
remarks  on,  p.  430,  note 
Proportioning,  In  tables,  p.  14,  ex.  6, 7 
Propositions  of  geometry,  p.  38 

of  trigonometry,  168,  p.  66a  to 
64A 

Q 

Quadrant,  del  79 

the  instrument,  and  sextant,  486 
manner  of  observing  with,  487 
adjustments,  496 

Quadrantal  triangle,  66a,  68a 

Quality  of  bottom,  bow  shown  on  Ad- 
miralty charts,  p.  924 

Quicksilver  horixon,  617 


Radius,  78, 164 

of  the  trigonometrical  tables  Is  1 
log.  of  the,  is  10,  p.  48  (2  note) 
Ramsay,  Oapfc,  pp.  363,  864, 408,  note 
Rate  of  chronom.  813 

change  of,  detected  on  making 
the  land,  820 
Rate  for  less  than  24*,  832 
See  Chronometer 
Rate  of  sailing,  affected  by  various 
causes,  960 

Is  estimated  by  seamen,  nearly, 
p.  362,  note 
of  current,  291 
of  nearing  a  port,  286 
Rating  the  chronometer,  812 

by  observations  on  shore,  816,  826 
by  the  absolute  time,  816 
by  time  signals,  818.  and  Table  13 
by  the  longitude.  820 
by  intervals  of  time,  821 
bv  diff.  of  long.  833 
Ratio,  86 
Reading  off,  494 

troublesome  at  night,  841 
may  be  postponed,  p.  188,  note 
Reaumur's  thern\  Table  36 
Reduction  of  fractions,  pp.  8,  9 

of  the  astronomical  elements  to 
the  Oreenwioh  Date,  679-400 
by   hourly    var.    in    Nautical 
Almanac  p.  208A 
by  proportional  logs.  697 
by  special  logs.  697 
Reduction  to  the  merid.  696 

limits,  Table  47,  explan.  p.  416 
to  compute  at  sea,  ciroummeri- 
dlonal  altitudes,  706 
Tables  47,  48,  49,  60  and  70, 

explan.  pp.  416  and  427 
second  do..  Table  49,  p.  416 
value  of,  when  2d  red.  amounts  to 

1',  Table  48,  explan.  p.  416 
of  lat.  by  obs.  to  geocentric  lati- 
tude. Table  62,  explan.  p.  417 
Reflecting  circle,  p.  186,  note 

nw  of,  in  observing  two  angles  or 
altitudes,  614 
Refraction,  astronomical,  433 
Table  81,  explan.  p.  412 
varies  with  state  of  air,  433 


Refraction,  corrections  of,  Tablet  St, 

83,  explanation,  p.  412 
is  lass  for  a  depression,  p.  Ml, 

note 
tables  of,  adapted  only  to  level  d 

sea,  p.  414,  note 
effect  of,  on  figures  of  the  son  sad 

moon,  862 

rising  or  setting  in  high  lat  633 
on  apparent  amplitude,  p.  167  ( 1) 

terrestrial,  207 
Refreshments,  now  symbolised,  r,p,403 
Rennell,  pp.  863,  3*9,  notes 
Repeating  reflecting  circle,  606 

noting  the  time  in  observation! 
with,  606 

effects  of  errors,  616 
cross  observation,  610 
to  observe  two  alts.  614 
caution  respecting  the  crooked 
handle,  607 
Resolve,  to,  a  distance  made  good  in 
one  direction  upon  another,  286 
Results,  combination  of,  997 
Retardation,  Table  24,  explan.  p.  409 
Revolving  lights,  note  on  the  term, 

pp.  403,  404  note,  and  p.  926 
Rhumb,  del  198;  Is  not  the  dins* 

coarse  for  the  port,  340 

Riddle,  Mr.,  Long,  of  Madras,  Pret  lx 

Right  angle,  84 ;  right  circles,  p.  66a 

Right  ascension,  del  469 ;  reduction 

of,  p.  206a 

to  deduce  from   sidereal  time, 
p.  209,  211, 421 
Right  Spherics,  pp.  67a,  68a 
Rising  and  setting,  times  of,  p.  221 
of  the  sun,  636,  Table  26 
of  a  star  or  planet,  637 
effects  of  refract,  and  height  of 
eye,  638 
Roberts    and    Raird's    Indian   tids 

tables,  p.  340,  note 
Rooks,  whales  taken  for,  1046 
Roof  of  artificial  horison  should  re 
reversed,  664 

how  to  be  placed,  619 
to  be  used  only  when  indispens- 
able,^ 
Ross,  Sir  John,  p.  669,  where  wintered, 
Table  10  (col.  142) 
Sir  Jas.  p.  168 
Rollers.  1064 
Rule  of  three,  pp.  11, 18 
Ruler,  91,  to  test  a,  92 
Roles,  extent  of  the  rationale  admit- 
ted in  this  volume.  Pre!  xrr 
Involving  many  cases,  are  girea 
In  the  form  of  tables,  Pret  v. 

B 
SABnrB,  OoL,  work  quoted,  p.  62,  note  * 
on  rating  the  chronometers,  821 
Sailing  directions,  reference  to,  p.  317 
Sailings,  p.  106 

to  work  by  canons,  272 
admit  of  two  general  oases.  270 
See  Parallel,  Mercator,  Mii. 
Lat^  Great  Circle. 
Fashes,  p.  380  (11).    (S&n.) 
Saturn  and  satellites,  p.  169,  note 

R.A.  and  docL  696 
Scales,  common,  104 
diagonal,  106 
natural,  p.  926 
of  chords,  106-7 

to  construct,  109 
conversion  of   foreign  tUtrme* 
meter,  Table  86 
Screen*,  or  shades,  in  sextant,  491 

eye  ditto,  useful,  491 
Screws,  caution  respecting,  497 
Sea,  mean  level  of,  920 
Seasons,  reversed  in  south  1st  466 
Sea  rates  of  chronometers,  n.  297 
Sea-weed  not  a  certain  indication  * 
land,  1036 


GKNERAL   INDEX. 


933 


Humbert  fa  Index  rtfer  to  articlm;  unless  preJUtd  by  *pt*  when  pap  Is  tndiemtsi. 


Secant,  156 

to  find,  p.  425 
Second  of  lat.  U  101  ft.  186(  Tabic  64A 
Secondary  meridians,  Preface  ix,  823, 
886,  and  p.  888 
are  denoted  in  Table  10  by  snail 
capitals,  p.  888 
importance  of  establishing,  p.  891 
enumerated,  Table  at  p.  893 
take  no  symbols,  p.  897 
Second  difference,  698,  Ac 
Table  95,  explan.  p.  409 
of  alt.  656 

varies  as  the  square  of  the  inter- 
val 558,  p.  200,  example 
Seconds  of  time,  useful  to  be  able  to 

count,  968 ;  of  arc,  75 
Sector,  110.  8e*  Heather  on  mAtliema- 

tical  instruments,  p.  82,  note 
Besalcircular    horn    protractor,     for 
laying  off  angles,  108  and  note 
BemidJameter  of  the  oelestial  bodies, 
439 

is  leas  as  the  dlst,  is  greater,  489 
is  greatest  in  the  zenith,  440 
Bemimenstrual  inequality,  924 

for  certain  places,  Table  16 
Betting  an  object,  901 
Sextant,  486-604,  and  p.  146 
manner  of  using,  487 
adjustments,  496 
parallax  of,  p.  182,  note 
ease  or  box  for,  p.  188,  note  * 
methods  of  increasing  efficiency, 

600,  p.  188,  notes 
caution  against  tormenting,  p. 
183,  note 
shades  of,  remark  on  using,  491 
may  produce  errors,  499 
Shallow  water,  rarlation  of  compass 

affected  in,  p.  79,  and  note 
Snip,  how  magnetised,  944 

magnetic  forces  of,  946 
Ship's  journal,  p.  164-157 

all  matters  relating  to  ship's 
place  inserted,  419 
Ship's  ohange  of  place,  how  affects 

altitude,  648 
Shoal  patch,  how  symbolised,  p.  899  (5) 
Shore  horizon,  649 

Table  86,  explan.  p.  418 
8hort  glass,  966 
Sidereal  day,  470 

time,  471,  p.  911,  note,  and  Table  61 
to  convert  into  mean  time, 
607,  Table  94;  into  Right 
Ascension,  p.  909,  491 
Sidereal  time  at  n*ean  noon,  477 

to  reduce,  685,  Table  98 
Bights,  am.  and  p.il.  should  not  be 

mixed,  816 
Signals,  time.  Table  13,  explan.  p.  407 
Bkgtu  and  abbreviations,  p.  10,  note 
or  symbols,  attached  to  places, 

p.  396 
on  Admiralty  charts,  p.  994 
_  is  of  the  Zodiac,  460 
Similar  triangles,  147 
Sine,  def.  169, 163,  and  p.  496 

diff.  of  do.  and  arc,  p.  986,  note  f 
Small  circle,  336,  p.  130 
Smyth,  Adm.  W.  Hn  pp.  367, 873,  note 
Solar  day  Taries,  476 
Solstice,  464 

Solutions,  two  classes  admitted  In  this 
work,  Pref.  vi 
methods  of,  pp.  60-64 
all  in  this  work  by  inspection  and 
logarithms,  Pref.  p.  vi 
by  assumption,  p.  61,  note 
Bound,  Telocity  of,  869 

affected  by  wind,  863 
Bounding,  Chap.  VL  p.  151 
in  deep  water,  401 
instruments  for,  409 
omitting  to  sound,  inextusable, 
1049 
Hounding,  Sir  W.  Thomson's  mavt>iu« 
for,  409,  p.  163 


Soundings,  the  only  nnequirooal  sign 
of  land,  1049 

ship  sometimes  conducted  by,  by 
night  or  in  fog  397 
how  symbolised  in  Table  10.  See 
Depth,  p.  401 

on  Admiralty  charts,  p.  994 
Angles  for  Terifying,  368 
on  foreign  charts,  how  expressed, 
p.  996 
Southing,  an  inefficient  term,  p.  341, 

notef 
Sphere,  def.  90,  p.  65A 

stereographio,  projection  of,  p. 
66  a. 

sections  of,  p.  66a 
Spheric*,  p.  66a  to  64A 

application  to  Nautical   Astro- 
nomy, p.  69A-64A 
circular  parts,  p.  66a 
great  circles,  p.  65a 
Napier's,  Lord,  rules  in,  p,  67A 
oblique,  p.  68a-61a 
oblique  circles,  p.  66a 
parallel  circles,  p.  56a 
poles  of  circles,  p.  56a 
primitiTe  circle,  p.  66a 
quadrantal  triangle,  p.  50a,  68a 
right,  p.  67a,  68a 

circle,  p.  66a 
•mall  circles,  p.  56a 
spherical  angle,  p.  66a 

triangles,  p.  66a 
Spherical  Traverse  Table, 

Table  6,  explan.  p.  889 
triangle,  336,  p.  66a 
8pheroidal  Tables,  64a,  explan.  p.  493 
Square,  del  136 
Square  of  a  number,  67, 68 

to,  a  small  are,  p.  407  (explan.  of 
Table  56) 
Square  root,  to  extract  by  logs.  71 
Squares  of  certain  numbers,  given  in 

Table  8.  explan.  p.  418 
Standard  compass,  914 
Stars,  fixed,  note  upon,  p.  169 
finding  the,  p.  903-906 
list  of  principal,  Table  63,  p.  491 
Asimuth  Tables,  p.  136,  349,  330 
magnitudes,  p.  499,  note 
rise  earlier  every  night,  Table  97 
how  identified,  668 
observing  alts,  of,  at  sea,  641 
obs.  in  twilight,  977 
times  of  merid.  pass.  Table  97, 

explan.  p.  410 
remark  on  the  necessity  of  ob- 
serving, 977,  p.  949,  not* 
Station-pointer,  p.  143,  note 
Statute  and  geograph.  miles,  p.  379, 

and  Table  64a  (I) 
Steam-Teasels  adapted  to  sounding  in 
great  depths,  401 
dlst.  by  log.  too  great,  962 
Stores,  places  where  obtained,  p.  634. 

Table  11 
Straight  line,  drawing,  91,  93 
Stream  of  wind,  advantage  of  working 

in,  999 
Submarine  volcanoes,  p.  389 
Subordinate  computations,  p.  905 
Subtend,  83 

feet  subtending  1',  Table  9,  ex- 
plan,  p.  887 
Sullivan,  Oomra.,  p.  369,  note 
Sumner's  method,  1009-1014,  p.  64A 
Sun, 

figure  elongated,  209 
jointly  with  the  moon,  produces 
tides,  910 

dipping,  p.  944  note 
altitude,  caution  in  observing,490 
to  correct  at  sea,  647 

accurately,  649 
declination,  Table  60,  expl.  p.  490 
to  reduce  at  sea,  679, 
and  Table  19,  ex- 
plan. p.  408 

accurately,  580  (' 


Sun, 

right  ascension,  Table  61,  explan. 
p.  491 

to  reduce,  681,  689 
parallax  and  semid.  Table  34,  ex- 
plan,  p.  418 
semid.  variation  of,  proves  ohange 
ofbisdlstanoe,  439 
rising  and  setting,  time  of,  636, 
Table  26 

to  allow  for  refraction  and  height 
of  eye,  648,  Table  38 
difference  of,  at  the   base  and 
summit  of  a  mountain,  638 
Supplement,  86 
Surveying  not  treated   In  tills  work 

for  reasons  stated,  Pref.  x 
Swedish  feet,  p.  381  (16) 
Swell,  how  noted,  410 

is  marked  in  the  log,  410 
Swinging  ship,  294 
8ymbols  of  determination,  attached  to 


places,  p.  396 
ofdeserf    ■ 


of  description,  pp.  896  and  924 


Tabus,  list  of,  p.  xxii ;  remarks  in 
taking  quantities  out.  50 
to  supply  the  place  of  Nautical 
Almanac,  p.  490 

principles  of  the  arrangement 
stated,  p.  877,  note 
danger-angle,  Leoky's,  p.  148 
Tangent,  del  164 

to  find,  p.  878 
Telegraphic  determinations  of  longi- 
tude, notes  to  pp.  892-896 
Telescope  of  sextant,  powers  used,  643 
remark  in  using,  642 
raising  or  lowering  alters  bright- 
ness of  image,  p.  308,  4th  par. 
tubes  may  be  soured  or  marked, 

492,  p.  180 
error  of  parallelism,  496  (8),  Table 
64,  explan.  p.  418 
Temperate  tone,  211 
Temperature,  of  sea  not  a  sure  sign  of 
land,  1038 

may  (?)  indicate  ice,  1038 
may  denote  change  of  wind,  1039 
alters  apparent  place  of  sea  hori- 
zon, 908 
Terrestrial  refraction,  907 
Theorems,  113-149 

of  geometry,  p.  38-48 
Theory,  remarks  on,  Pref.  xi 

notice  of  the  volume  devoted  to, 
Pref.  xi 
Thermometers,  scales,  Table  86,  p.  413 
Thomson,  Sir  W.,  compass,  316 

sounding  machine  409 
Tide,  age  of,  919 
current  917 
height  of  the,  918 
observations,  p.  344 
wave,  916 

and  half-tide,  p.  408,  note 
Tides,  p.  835 
causes,  910 

diurnal  inequality  of,  340 
superior  and  inferior,  911 
spring  and  neap,  913 
highest,  913 

causes  of  irregularities,  914 
how  noted  on  Admiralty  chart, 
pp.  994, 995 

proper  treatment  of  the  subject 
very  difficult,  Pref.  x 
Time,  measures  of,  470-480 

to  convert  into  arc,  570,  Tables 
17, 18;  also  68  and  69 
figures  shewing  manner  of  com- 
puting, p.  172,  174 
accuracy  of,  at  sea,  984 
variation  of,  at  sea,  p.  336 
ohange  of,  in  voyage  round  the 
wo>-lu,  970  and  note,  p.  400,  note 
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Tim*,  aorount  of,  most  oorrectly  kept 
in  low  lats.  971 

to  find  by  observation,  p.  178 

bj  alt.  of  the  sun,  780 

of  the  moon  or  a  planet,  784 
of  a  star,  781 
oboioe  of  results,  787 

by  equal  alts.  p.  287 

by  change  of  alt.  near  the  meri- 
dian, p.  386 

from  double  alt.  p.  269,  note 
Time-ball,  818,  Table  IS,  explan.  p.  407 
Timet,  conversion  of,  p.  216 
Toites,  p.  380  (8) 
Tormenting     toe    sextant,    caution 

against,  p.  188,  note 
Torrid  tone,  S10 

Total  error  of  compass,  907,  p.  884 
Towson,  Mr.,  Tablet,  p.  136,  and  note 
do.  for  red.  p.  416,  note 
Tracks,  figures  of  different,  890 
TraUi  <U  (Hodi*U%  p.  161,  uote 
Transit,  dof.  463 

bearings,  1069,  p.  876 
Transit  of  venue  expeditions,  deter- 
minations of    longitude    from, 

notes  on  pp.  898,  898 
Traverse,  to  work  a,  887 
Traverse  sailing,  886 
Trarerte  Table  1,  explan.  p.  877 

use  of,  in  proportioning,  p.  879 

in  right-angled  triangles,  p.  878 

In  reducing  measures,  p.  879,  880 

in  oorreoting  longitude,  p.  878a 
Triangle,  b7 

Trigonometrical  canon,  111 
Trigonometry,  terms  of,  pp.  44, 160-167 

propositions  of,  p.  46 

rules  for  use  of,  188 

spherical,  p.  66A-64A ;  plane,  60a 
Tropic,  810 

Tropical  year,  468,  and  note 
Troughton's  circle,  p.  186,  note 

caution  against  tormenting  the 
sextant,  p.  188,  note 
True  alt.  to  reduce  to  app.  667 

course  to  reduce  to  compass, 
816-280,  p.  169 
Tube,  plain,  of  sextant,  use  of,  648 
Twilight,  484 


United    Statu*     exploring    expe- 
dition, 209,  647,  1064 
height  of  waves,  647 
telegraphic    determinations    of 
longitude,  notes  to  pp.  882-396 


Vancouver,  p.  891 
Vera*,  p.  881  (14) 
Variation  of  time  at  sea,  p.  354 
of  the  compass,  219 
change  of,  in  England,  219,  p.  71 
chart  of,  219,  p.  71 
affected  by  ground  in  shallow 

water,  220,  and  note 
to  find  by  amplitude,  884 
asimuth,  on  the  meridian,  890 
from  short  double  alt.  891 
from  equal  altitudes,  897 
on  the  prime  vertical,  898 
from  altitude,  900 
from  time,  902 
by  astronomical  bearing, 
903 
remarks  on  the  term  "Variation," 

907 
to  correct  courses  and  bearings 
for,  111,  p.  169 
Variations,  doily  and  12-hourly,  Table 

21,  explan.  p.  408 
Venus,  period,  p.  169,  note* 

observed  by  day,  p.  366,  note 
innaocuracy  in  lunar  diss,  note,  p. 

declination,  to  reduce,  693 
RJL  to  reduce,  692 
determinations  from  transit  of, 
pp.  893-396 
Vernier,  494 
Vents,  p.  369  (12) 
Vertex  of  the  great  circle,  844 
Vertical  danger-angle,  becky's  tables, 

p.  143 
Vessels,  in  a  sea,  acquire  a  tendency 
to  move  ahead  or  astern,  968 
abandoned,  1063 


Vidal,  Capt^  Golf  of  Guinea,  pp. !«. 

198,  notes  f 
Views,     should   accompany    hydn> 

graphlc  notices,  1060 
Vrangel,  Baron,  1034  (8),  p.  369 
Vulgar  fractions,  p.  I 


Walker's  taffrail  log.  p.  106,  note 

Water,  procuring,  p.  366 

Waves,  height  of.  647,  and  note 

Weather,  notation  of,  409 

Weddell,  voyage  of,  1045 

Westing,  100 

Whales  taken  for  rocks,  1046 

W  he  well.  Dr.,  p.  336,  note 

Whole  numbers,  remark  on  workin* 

to,  35 
Wickham,  Capt.,  p.  366,  note 
Wilkes,  Lieut^  United  State?  Xavr, 

expedition  of,  quoted.  109,  547, 

1054 
Wind,  figures  denoting  force  of,  409 
change  of,  sometimes  denoted  by 

temperature  of  the  saa,  1039 
strength  of,  affected  by  fee,  1051 
Winds  not  treated  in  this  work,  Pre*,  i 
Working  to  accuracy,  remarks  os, 

Pretvi 
Workman,   Nawig.  Improved,  p.  128, 

note 
Wrangel,  Baron,  1034  (6),  p.  368 
Wrecks,  floating,  1063 


Tsar,  civil,  466 

commencement  of,  p.  170,  171 
note 


ZtBRA,  HJf.S^  p.  189,  note 

Zenith,  def.  423 

distance,  481 
how  named,  448 

Zodiac,  460 

Zone,  210,  111 
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ADMIBALTY   CHABT8. 

b.  d. 
On  the  Correction  of  Charts,  Light  Lists,  and  Sailing  Directions; 

and  a  Short  History  of  the  Hydrographic  Department  of  the  British  Admiralty.  No  charge. 

Official  Catalogue  of  Charts  and  22  Index  Charts.  No  charge. 

At  Board  of  Trade  inquiries  reference  is  frequently  made  to  the 
subject  of  charts  and  sailing  directions.  It  is  doubtful,  however, 
if  the  general  publio  has  the  remotest  idea  of  the  vast  number  of 
oharts,  plans  and  sailing  directions  which  have  been  brought  into 
existence  by  the  cartographer.  The  making  of  charts  is  a  never- 
ending  task,  for  the  simple  reason  that  new  dangers  to  navigation 
in  the  way  of  uncharted  rocks  and  shoals  are  constantly  being 
reported.  Some  conception  of  the  amount  of  work  done  is  afforded 
by  the  catalogue  of  Admiralty  oharts,  plans  and  sailing  directions 
issued  by  Mr.  J.  D.  Potter,  of  145,  Minories,  K.C.  The  volume, 
which  is  published  by  order  of  the  Lords  Commissioners  of  the 
Admiralty,  consists  of  260  pages,  index  charts,  Ac.,  and  may  be 
obtained  gratis  from  Mr.  Potter. — Shipping  Gazette  and  Lloyd's 
List,  May  7,  1909. 

ALTITUDE    TABLES. 

Computed  for  Intervals  Of  Four  Minutes  between  the  Parallels  of  Latitude 
31°  and  60°  and  Parallels  of  Declination  0°  and  24°,  designed  for  the  Determination 
of  the  Position  Line  at  all  Hour  Angles  without  Logarithmic  Computation,  by 
Frederick  Ball,  M.A.  (late  8cholar  of  Exeter  College,  Oxford),  Chaplain  and  Naval 
Instructor  in  His  Majesty* s  Fleet       15   0 

Ditto,  ditto,  between  the  Parallels  of  Latitude  0°  and  <Xf  and  Parallels  of  Declination 

0°  and  24°         16   0 

Ditto,  ditto,  between  the  Parallels  of  Latitude  24°  and  60°  and  Parallels  of  Declination 

24°  and  60?        16   0 

Altitude  and  Azimuth  Tables,  for  Facilitating  the  Determination  of  Lines  of 
Position  and  Geographical  Position  at  Sea.  The  simplest  and  readiest  in  solution. 
Spherical  Traverse  Tables  for  solving  all  problems  of  navigation.  By  Lieut.  Radler 
de  Aquino  (Brasilian  Navy).  All  sights  for  position  are  worked  out  by  the  same 
method  without \  logarithms,  with  hardly  any  calculation.  All  the  other  problems  in 
navigation  are  easily  and  rapidly  solved  by  inspection  without  interpolation.  This 
work  has  received  the  favourable  endorsement  of  the  United  States  Hydrographic 
Office.    Stereotyped  Edition - 10   6 

ABTIPICIAL  HORIZON. 

Description  Of  an  Artificial   Horizon,  invented  by  CapU  A.  B.  Becher,  RJf., 

with  examples  of  its  application,  afloat  and  ashore  (1857)         1    0 


List  of  Nautical  Works  published  by  J.  D.  POTTER. 

AZIMUTHS.  s.   d. 

Davis's  Sun's  True  Bearing,  or  Azimuth  Tables  (80°  N.  to  W  S.),  by 
J.  B.  and  Percy  L.  H.  Davis.  The  only  means  of  ensuring  a  oorreot  course  at  sea  is 
by  the  use  of  calculated  or  tabular  azimuths,  and  the  latter  render  the  operation 
speedy  and  accurate.  Ihese  tables,  an  addendum  to  those  of  Capt.  Burdwood,  E.N., 
which  preceded  them,  have  been  in  very  general  use  since  their  publication. 
The  instructions  in  several  European  languages  for  their  use  have  proved  of  great 
service  to  foreign  seamen 10    6 

Davis's  Supplementary  Azimuth  Tables  (now  published  separately).  The 
Time  Azimuth  Tables  in  general  use  do  not  often  give  azimuths  near  the 
meridian,  which  are  in  frequent  demand  for  ex-meridian  observations,  but  they 
will  be  found  in  this  book,  in  addition  to  complete  tables  extending  to  latitude  64°       8    0 

Davis's  Star  Azimuth  Tables,  computed  for  all  latitudes  between  &F  North 
and  OOP  South,  by  P.  L.  H.  Davis  This  book  has  followed  on  the  very  general 
adoption  of  stellar  observations  as  a  means  of  navigation,  and  supplies  the  seaman 
with  the  same  details  regarding  stars,  as  he  can  get  from  "Burdwood  and  Davis" 
when  the  sun  is  concerned.  Some  ingenious  altitude  marks  are  used  for  the 
first  time  in  these  tables  which  materially  aid  in  the  identification  of  any  hastily 
observed  star,  as  to  which  doubt  may  exist 10    6 

Short,   Accurate,   and   Comprehensive  Altitude-Azimuth  Tables  to 

show  the  true  bearing  of  the  Sun,  Moon,  Planets,  Ac,  for  latitude  (f  to  75°  north 
or  south ;  altitudes  0°  to  75° ;  and  declination  30°  north  to  80^  south  ;  also  the 
Approximate  Ship  Time,  by  A.  C.  Johnson,  R.N.    (Published  by  request)     3    6 

Time  Azimuth  Diagram,  by  Hugh  Godfray,  M.A 3    0 

Captain  Weir's  Azimuth  Diagram     1    6 

BOATS. 

A  Review  of  the  New  Methods  of  Lowering  and  Disconnecting 
Boats  at  Sea,  with  a  proposed  Amendment  (1867),  by  CapU  Kynaston,  R.N., 
C.B.t&o 1    6 


CHRONOMETERS. 

Davis's  "Chronometer"  Tables;  or,  hour  angles  for  selected  altitudes  between 
latitudes  (f  and  50?,  with  variations  for  1'  in  all  elements,  by  P.  L.  H.  Davis, 
Means  of  working  a  Sun  "  Chronometer  "  arithmetically  have  been  for  many  years 
a  desideratum,  and  have  been  published,  in  1793,  by  Lalande ;  in  1827,  by  Lynn ; 
and  by  Hommey,  in  1863 ;  but  Mr.  Davis,  by  the  omission  of  useless  or  undesirable 
altitudes,  and  the  inclusion  of  Variations  in  1'  of  Altitude,  Latitude,  and  Declination, 
has  made  a  table  of  great  practical  utility.  The  book,  as  a  substitute  for  or 
a  check  on  logarithmic  calculation,  is  almost  a  necessity,  and  is  especially  useful 
in  latitudes  less  than  45°.  A  comparison  has  been  made  in  actual  work  of  the 
tabular  results  with  those  obtained  in  the  ordinary  way,  showing  practically 
identical  results , 10    6 

Notes  on  the  Management  of  Chronometers  and' the  Measurement  of 

Meridian  Distances,  by  Rear-Admiral  Charles  8hadwell,  F.R.8.  (1861) 4    6 


COLUMBUS. 

The  Landfall  of  Columbus  on  his  First  Voyage  to  America,  with  a  Trans- 
lation of  The  Baron  Bonnefoux's  History  of  his  previous  life,  also  a  Chart  showing  his 
Track  from  the  Landfall  to  Cuba,  and  an  outline  of  his  subsequent  voyages  (1856)  ...  12 
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COMPASS.  b.  d. 

An  Explanation  of  the  Adjustment  of  Ships'  Compasses,  illustrated  with 

numerous  diagrams,  by  Commander  L.  W.  P.  Chetwynd,  R.N.  ..  2    0 

Handbook  to   BeaM's  Compass  Deviascope,  by  Captain    George   BeaU, 

contains,  in  addition   to  a  complete  explanation  of  this  well-known  instrument, 
much  information  necessary  to  compass  correction ...    1    6 

Elementary  Manual  for  the  Deviations  of  the  Compass  in  Iron 
Ships,  intended  for  the  use  of  Seamen  of  the  Boyal  Navy  and  Mercantile  Marine, 
and  Navigation  Schools,  by  B.  W.  Creak,  C.B.,  FM.8.,  retired  Captain,  R.N. 6    6 

Practical  Information  on  the  Deviation  of  the  Compass,  for  the  use  of] 

Masters  and  Mates  of  Iron  Ships,  by  /.  T.  Towson,  F.R.Q.8 [ 

and  I 4   Q 

Supplement  to  the  above ;  being  the  Questions  on  the  Deviation  of  the  Compass  J 
issued  by  the  Board  of  Trade  for  the  Examination  for  Masters'  and  Extra  Masters'  | 
Certificates,  and  Answers  to  the  Questions,  by  Capt.  William  Mayes,  R.N.    J 

The   Pocket   Compass   Corrector.      Makes   an    error   in    applying   variation 

and  deviation  almost  impossib'e     ' 2   0 

The  Binnacle  Compass,  Corrected  by  itself,  or  the  Deviation  found  with  one 

Compass  by  both  methods,  and  the  Corrections  applied,  by  Capt.  A.  B.  Becker,  R.N.      1    0 

The  Storm  Compass,  or  Seaman's  Hurricane  Companion,  containing  a  familiar 
explanation  of  the  Hurricane  Theory,  by  Capt.  A.  B.  Becker,  R.N.,  illustrated  with 
Diagrams  and  Accounts  of  Hurricanes       1    6 

Plain  Deviation  Curve  Diagram,  by  Captain  J.  C.  Robinson         0  6 

COOKERY. 

Ship's  Cook  and  Steward's  Guide,  containing  Hints  for  Management,  and  Two 

Hundred  and  Fifty  Eecipes,  by  James  B.  Wilson 1    0 

CRUISE. 

Cruise  Round  the  World  of  the  Flying  Squadron,  1869-1870,  under  the  command 

of  Rear-Admiral  O.  T.  Pkipps  Hornby  (illustrated),  and  Chart  showing  its  Track ...  21   0 

CURRENTS  (See  Tides). 

DEVIATION  (See  Compass). 

DOUBLE    ALTITUDES. 

A  Method  for  finding  the  Latitude  by  the  Simultaneous  Altitudes 

Of  Two  Stars,  by  Capt  Burdwood,  R.N.  (reprinted  1896) 1   0 

EQUAL    ALTITUDES. 
Tables  for  Facilitating  the  Method  of  Equal  Altitudes,  by  F.  A.  L.  Kitchin, 

BJL.,  Naval  Instructor,  RM. ...    1   0 

EX-MERIDIANS. 

Davis's  Ex-Meridian  Tables  and  Supplementary  Azimuths,  by  P.L.H. 
Davis.  This  important  fiork  is  now  complete,  it  contains  Calculated Heductions  to  the 
Meridian  for  hour  angles  lesB  than  75m  and  altitudes  lower  than  84°,  Declinations 
and  Latitudes  34°  and  64°  N.  and  S.  The  use  of  the  book  is  quite  easy  to  anyone 
familiar  with  the  Azimuth  Tables.  The  Supplementary  Asimuths,  which  accompany 
it,  give  bearings  too  near  the  meridian  for  inclusion  in  "  Burdwood  and  Davis/1  which 
are  now  in  great  request  for  position  lines  and  ex-meridian  work        ...         10   6 

Tables  for  the  Reduction  of  Ex-Meridian  Altitudes,  by  J.  T.  Towson,  FJLQ.8.  l  o 

Ex-Meridian   Diagram,  by  F.  A.  L.  Kitchxn,  B.A.,  Naval  Instructor,  RM.       1    0 

GREAT    CIRCLE    SAILING. 

A  Chart  Of  South  Latitudes,  beyond  20  degrees,  to  facilitate  the  practice  of  Great 
Circle  Sailing;  with  an  accompanying  diagram  for  the  determination  of  the 
courses  and  distances,  by  Hugh  Qodfray,  MJL 3   0 
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HOUR    ANGLES. 


8. 


Hour  Angl68  Of  the  Sun,  Moon,  and  Stars,  for  Latitude  and  Declination  (P-80o, 
and  Altitude  5°-64°,  together  with  Short  Methods  of  finding  the  Longitude  by  Chron- 
ometer; and  the  Latitude  and  Longitude  by  Two  "  Chronometers,"  by  A.  C.  Johnson, 
RJT.         3 

HYDROGRAPHICAL    ENGINEERING. 

An  Essay  on  Hydrographical  Engineering,  as  applicable  to  Floating  Sea 
Barriers,  Harbours,  Batteries,  Coast  Defences,  and  Naval  Fortifications,  by  Gapt. 
Adderly  Sleigh,  K.T.8.,  F.R.S.L.  (with  Illustrations),  (1869)       10 


INTERPOLATION. 


Notes  on  Interpolation,  Mathematical  and  Practical,  by  Rear-Admiral  C.  Shadwell, 

F.R.8.     ...         2    0 

LATITUDE    AND    LONGITUDE. 

On  Finding  the  Latitude  and  Longitude  in  Cloudy  Weather  and  at  other 
Times,  by  A.  C.  Johnson,  R.N.  Greatly  enlarged  to  56  pages,  with  Appendix  and 
Part  II 6    0 

Short  Tables  and  Rules  for  finding  Latitude  and  Longitude,  by  Single 

m  and  Double  Altitudes,  Pole  Star,  Lunars,  Ac.,  by  A.  0.  Johnson,  R.N. 3    0 

Scales  of  Latitude  from  5°  to  60°  proportional  to  a  scale  of  Longi- 
tude, where  i  in.  =  one  mile,  arranged  to  facilitate  the  finding  of  position 
from  two  Sumner  lines,  by  R.  E.  Peake,  AM. I.  O.E.  per  set    6    0" 

Charts  to  accompany  aboye        each    2    6 

Tables  showing  the   Length    in    Feet  of  a    Degree,    Minute,   and 

Second  Of  Latitude  and  Longitude,  with  the  corresponding  number  of 
Statute  Miles  in  each  Degree  of  Latitude ;  and  the  number  of  Minutes  of  Latitude  or 
Nautical  Miles  contained  in  a  Degree  of  Longitude,  under  each  Parallel  of  Latitude, 
by  R.  C.  Carrington,  F.R.Q.8.  (1868)  1    0 

See  also  Double  Altitudes,  Equal  Altitudes,  Ex- Meridians, 
Hour  Angles,  Lunars. 

LAW. 

Admiralty  Procedure  against  Merchant  Ships  and  Cargoes,  etc.,  in  the 

High  Court  of  Justice  and  in  County  Courts,  showing  the  various  matters  as  to  which 
proceedings  in  Admiralty  can  be  taken,  and  the  mode  of  commencing  action,  Ac.,  by 
R.  Q.  M.  Browne,  the  Admiralty  Marshal  (1889) 10    0 

Handbook  on  the  Law  and  Practice  relating  to  Apprentices  to  the 

Mercantile  Marine  Service,  by  F.  W.  Gardner  (of  the  Middle  Temple)        ...     1     6 

The  Statute  Law  Of  Merchant  Shipping,  comprised  in  an  alphabetical  Analysis, 
and  a  Summary  of  the  unrepealed  Merchant  Shipping  Acts,  from  1821  to  1888,  by 
R.Q.M.  Browne,  the  Admiralty  Marshal  (1889) 6    0 

LIGHTS. 

Lights  in  Lyrics,  or  a  Glance  at  the  Channel  Lights  as  Piloting  Marks,  on  a  ran  from 
Scilly  to  the  Nore,  accompanied  by  a  Parting  Precept  on  Com  pass  Deviation, 
addressed  to  all  younger  Mariners.  With  a  view  of  the  Caskets,  Note3  and  Charts. 
(1859) 1    0 
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LOGARITHMS. 

Davis's  Requisite  Tables  (Logarithmic),  by  P.  L.  H.  Davis.     Tables  of  id 
Logarithms  to  five  places  of  decimals  only,  for  practical  sea  work.    The  typography 
and  arrangement  of  the  book  will  render  it  suitable  for  habitual  use,  and  it  contains 
a  table  of  Logarithmic  and  Natural  Haversines  specially  designed  for  modern 
navigation        7   6 

Davi8'8  Five-Figure  Log8  and  Anti-LogS,  by  P  L.  H.Davis.  Specially  pre- 
pared  for  use  in  Actuarial  and  General  Calculations.  These  tables  are  very  legible 
and  do  not  fatigue  the  eye  in  use.  ...         ...         ...         ...         ...         ...         ...    5   0 

Ditto  ditto      with  Index  Tabs 6   0 

IiUlTABS. 

Notes  on  the  Reduction  of  Lunar  Observations,  Mathematical  and 

Practical,  by  Rear-Admiral  C.  Shadwell,  F.R8.  (1881)  4    6 

See  also  Latitude  and  Iiongitude. 

MAST-HEAD    ANGLES. 

Tables  Of  Mast-Head  Angles,  forfive  feet  intervals,  from  30  to  280  feet,  and  varying 
distances  from  a  cable's  length  to  four  miles,  with  their  application  to  Nautical 
Surveying;  also  the  determination  of  distance  by  sound,  with  an  example 2   0 

MEASURES. 
Foreign  Measures  and  their  English  Values,  compiled  from  Official  Sources, 

by  R.  C.  Carrington,  F.R.Q.8.  (1864)  7    6 

MERCANTILE    MARINE. 
A   Voice  from  the  Quarter-Deck  on  the  State  of  our  Mercantile 

Marine,  by  Joseph  Mayns  (Master  Mariner)  (1876)     1   0 

An  Address  delivered  to  the  Boys  of  the  Training  Ships  "  Chichester" 

and  "  Arethusa,"  by  0.  M.  Coxhead  (1886) 0   4 

METEOROLOGY. 

SolectriCS  J  a  theory  explaining  the  causes  of  Tempests,  Seismic  and  Volcanic 
Disturbances,  and  how  to  calculate  their  time  and  place.  Illustrated  by  over 
100  di  grams,  by  Alfred  J.  Cooper,  Navigator,  King's  Medallist        10   0 

The   Causes  of    Weather  and    Earthquakes  (with  four  Diagrams),  by 

Alfred  J.  Cooper  (1902)        2    0 

Light  as  a  Motive  Power,  a  Series  of  Meteorological  Essays  (1875),  by  Lieut. 

R.  H.  Armit,  JUT.         15    0 

See  also  Winds* 

NAVIGATION. 

lnman'8  Nautical  Tables.  A  New  Edition  of  this  standard  work,  revised  and 
brought  thoroughly  up  to  the  present  date,  by  the  Rev.  William  Hall,  R.N.,  and 
oontaioing  all  the  aids  to  rapid  fixing  of  position  which  are  essential  in  modern 
Navigation        ••• 16    0 

Lectures  on  Elementary  Navigation,  by  Rev.  J.  B.  Harbord,  MM  (Retired 

Naval  Instructor,  RJT.;  late  Inspector  of  Naval  Schools,  Admiralty;  Examiner 
in  Navigation  and  Nautical  Astronomy  for  the  Department  of  Science  and  Art ; 
Author  of  "  Glossary  of  Navigation  ")  7    6 

An    introduction     to    the     Practice    of    Navigation    and    Nautical 

Astronomy,  by  R.  E.  Hooppell,  M.A.,  FJLA.8.  I    6 

The  Practice  of  Navigation  and  Nautical  Astronomy,  complete  with  tables, 

by  Lieut.  Raper,  R.N. 16  0 

Nautical  Tables,  by  Lieut  Rapert  R.N.       10  6 

Navigation,  intended  for  Self-Instruction  up  to  the  Seoond  Mate's  Examination,  by 

William  Roy      0  6 
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NAVIGATION— Continued.  s.    d. 

Practical  Coastal    Navigation,  with  numerous  ohaita  and  diagrams,  by  Count 

de  Miremont     4    0 

Navigation  Simplified,  by  a  System  of  Teaching  based  on  First  Principles,  for 
Officers  (from  2nd  Mate  to  Extra  Master)  in  the  Mercantile  Marine  and  Yachtsmen. 
Illustrated  by  numerous  diagrams,  by  Captain  P.  Thompson,  F.R~A..S.,  Younger 
Brother  of  the  Trinity  House,  8enior  Examiner  of  Masters  and  Mates,  and  Secretary 
to  the  Local  Marine  Board  of  London  12    0 

Examination  Diagrams  Simplified,  for  Navigation  Students;  illustrated  by 
sixteen  diagrams  (including  5}  inch  Boxwood  Scale),  by  Captain  P.  Thompson, 
F.R.A.S - 2    6 

tlautical  Astronomy  Made  Easy,  by  A.  C.  Johnson,  R.N.    All  the  Rules  being 

worked  by  a  Small  Table  on  One  Page,  designed  to  economise  Time  and  Labour     ...     3    0 

REVERSIBLE    TANSIT    INSTRUMENT. 

Notes  on  the  use  of  the  Portable  Reversible  Transit,  and  the 
Method   of    Calculation   of  the    Observations,  with  diagrams  and 

photographs,  by  Capt.  C.  E.  Monro,  R.N.  3    0 

ROYAL    NAVY. 

•Chart  of  the  Navy  of  Great  Britain,  from  the  Earliest  Period  of 
History,  compiled  from  Historical  publications,  old  records,  Parliamentary  returns, 
and  other  authorities,  by  Frederick  Perigal  (of  the  Admiralty),  1860 3    6 

RULES    OF    THE    ROAD. 
The    Rules   Of  the    Road   at  Sea,  comprising  the  Begulations  for  preventing 
collisions  at  Sea,  1897,  and  Rules  in  force  in  Harbours,  Rivers,  and  Inland  Waters  ; 
with  explanatory  notes  and  observations,  by  H.  Stuart  Moore,  of  the  Inner  Temple 
and  the  Admiralty  Court,  Barrister-at-Law.     (Third  Edition)      7    6 

Diagrams,  with  Explanations,  Illustrating  the  Rule  of  the  Road  for 

Sailing  Ships,  by  Capt.  H.  8.  Blackbume         2    0 

SAILING    DIRECTIONS. 
Yacht   Cruising,  illustrated  with  drawings  and  sketches,  by  Claud  Worth.     (This 
book  consists  partly  of  "logs  "  of  cruises  and  partly  of  articles  and  notes  on  various 
matters  cod  nee  ted  with  cruising) 7    6 

Correct   Magnetic   Courses   and    Distances,  from   and   to  Various 

Ports  round  the  British  Isle8,  by  Arthur  Underhill,  LL.D.t  Commodore 
of  the  Royal  Cruising  Club,  assisted  ^by  keveral  Members  of  the  Club.  Second 
Mdition 2    0 

Concise  Navigating  Directions  for  the  River  Thames,  including  all  the 
Pools,  Reaches,  and  Channels,  from  London  Bridge  to  the  South  Foreland  and 
Orfordness,  and  for  the  English  Channel  to  Beachy  Head;  also  for  the  Port  of 
Bunkerque  and  the  approaches  to  the  Scheldt,  by  Stephen  Penny,  Trinity  Pilot, 
Qravesend  (illustrated  by  nineteen  Charts)  ...     7    6 

East  Coast  Rivers.  Charts  and  Sailing  Directions  for  the  Rivers  Roach,  Crouch, 
Blackwater,  Colne,  Stour,  Orwell,  Dp  ben.  Ore  and  Aide;  together  with  General 
Charts  from  the  Thames  to  Southwold,  by  Lieut.  S.  V.  S.  C.  Messum,  R.N.    6    0 

The  Pilot's  Guide  for  the  English  Channel  (with  which  is  now  incorporated 
"The  Pilot's  Handbook  for  the  English  Channel "  by  Staff  Commander  J.  W.  King, 
RN.),  comprising  the  South  Coast  of  England,  and  general  directions  for  the 
Navigation  of  the  Channel;  with  numerous  Charts  and  Plans  of  Harbours,  edited 
by  H.  D.  Jenkins  F.R.O.S 7     6 

A  Chart  of  the  Dutch  Waterways,  by  J.  A  A.  B.  Powell 4   o 

Notes  On  Cherbourg  (Geographical  and  Historical  description  of,  Ac),  and  Chart 

(1858),  by  Commander  Bedford  Pirn,  R.N.,  F.R.Q.8 1    0 

From  Calcutta  to  Bombay  Coasting,  being  the  Second  Edition  of  the  Hand- 
book  to  the  Ports  on  the  Coast  of  India  between  Calcutta  and  Bombay,  including 
Ceylon  and  the  Maldive  and  Lacoadive  Islands,  with  11  Charts  and  12  Photographs, 
by  Lieut.  H.  S.  Brown,  R.N.R.,  Port  Officer,  Marine  Department,  Madras  Presidency.  10    0 
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Winds  and  Currents  of  the  Mediterranean,  by  Capt.A.B.Becher,  R.x.,with 
remarks  on  its  Navigation  at  different  Seasons  of  the  Year,  compiled  from  various 
authorities,  chiefly  Spanish  (1S64) 3    0 

Navigation  Of  the  Atlantic  Ocean,  by  Capt.  A.  B.  Becher,  R.N.,  with  an  account 
of  the  Winds,  Weather  and  Currents  fonnd  therein  throughout  the  year  (with 
Charts)  (1892) 5    0 

Navigation  of  the  Indian  Oce/m,  China  and  Australian  Seas,  by  Capt. 
A.  B.  Becher,  R.N,  with  an  account  of  the  Wind?,  Weather,  and  Currents  fonnd 
'  therein  throughout  the  year  (with  Charts)  (1864)  5    0 

Chart  Of  the  Sulina  Branch  of  the  Danube  (European  Commission  of  the 
Danube),  autre? ed  by  Robe«t  Hansford,*  Surveyor  of  the  Commission,  nnder  the 
direction  of  C.  A.  Hartley,  Engineer  in  Chief  (showing  45  nautical  miles  of  the 
Biver  from  Sulina),  size  10  ft.  x  2  ft  3  in.  (1860)  20    0 

SAIL-MAKING. 

Remarks  on  Rigging  Ships  with  Flat  Surface  Sails,  by  Lieut.  William 

Congalton,  R.N.R.  (1866)       2   0 

SAIiVAGE. 

Salvage  Operations.  The  floating  of  H.M.  Battleship  "  Howe."  Illustrated  by 
23  plans  and  photogiaphs,  by  Rear -Admiral  O.  T.  H.  Boyes,  late  Flag-Captain  H.M.8. 
"Anson"  (1900)  5   0 

How  Ships  are  Lost,  and  How  to  Save  Life  and   Property  at  Sea 

(Illustrated),  by  W.  P.  B.  Manser  (1877) 1    0 

SEAMANSHIP. 

Under  Square  Sail,  by  Capt.  Withers  (1898) 2  o 

Under  the  Red  Ensign;  or,  "Going  to  Sea,"  by  Thomas  Gray  (1892)     ...   l  6 

SEXTANTS. 
Course    and    Position    by   Sextant   Observations    of   two    known 

Objects,  by  Lt-Col.  English,  late  R.E 0    6 

Captains'  and  Officers'  Bridge  or  Poop  Companion.  Tables  for  finding 
the  distance  of  an  object  at  sea  by  inspection  (without  the  use  of  pencil  or 
paper),  at  the  same  time  giving  the  distance  the  ship  will  go  wide  of  the  object 
before  getting  to  it,  and  t^e  course  to  steer  to  obtain  a  required  distance. 
The  above  gives,  with  the  aid  of  a  compass  only,  the  distance  of  a  moving  ship 
from  any  fixed  object.    By  A.  Hutteroth        2    6 

Stars  and  Sextants.  Star  Distance  Tables  for  facilitating  the  use  of  Lord 
Kllenbomugh's  method  of  Correcting  the  Centring  and  Total  Error*  of  8extants  at 
Sea,  by  John  Abner  Sprigqe,  Wm.  Fraser  Doalc,  M.A.,  F.R.A.S.,  T.  Charlton  Hudson, 
B.A.,  F.R.A.8.,  of  H.M.  Nautical  Almanac  Office,  Admiralty,  and  Arthur  8.  Cox, 
B.Sc.f  A.R.C.S.  ...         ...         ...         ...         ...         ...         •••         ..i         ...         ...         ...    2    o 

SHIPPING. 
Historical  Notes  On  Shipping,  by  P.  L.  Isaac,  M.I.N.A.  (1879) 10 
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List  of  Nautical  Works  published  by  J.  D.  POTTER. 


SIGNALS. 


8.  d. 


Signal  Card 8 — British  System,  with  Plates,  containing  Instructions  for  Sema- 
phoring by  Day,  and  with  the  Morse  Code  by  Day  or  N  ight,  together  with  the 
principal  "  Urgent "  Light  or  Sound  Signals,  in  accordance  with  the  New  Code. 
Also,  Sheet  of  New  Oode  Flags  (34  Flags,  coloured).    Compiled  by  J.  Whitly  Dixon 

(Retired  Captain,  Royal  Navy).     (Size,  24}  x  19|)  1    6 

Ditto  ditto  mounted  on  thiok  card    2    0 

SPEEDS. 

Speed   and   Consumption   of  Steam-Ships,  with  Algebraic  Formula  for 

E co aoinical  Speed,  and  Rules  for  calculating  the  alterations  iu  Draught  and  Trim 
corresponding  to  Changes  in  Displacament,  aud  for  using  the  Hydrometer  to 
estimate  those  due  to  Differences  in  the  Specific  Gravity  of  the  Water;  for  use  in 
the  Royal  Navy  and  Mercantile  Marine  ;  by  .7.  F.  Ruthven,  Master  Mariner,  late  Lieut. 
R.N.R.,  Assoc.Inst.N.A.,  M.R.U.8.I.,  Younger  Brother  of  the  Trinity  House,  FJt.Q.8.    ...     2    0 

Speed   Tables,  for  finding  the  distance  run  in  a  given  time  at  a  given  speed,  between 

the  limits  of  10  to  18  knots,  by  J.  D.  Macpherson  (Pacific  Steam  Navigation  Co.)  ...     1    0 

STABS. 

The  Bearings  of  the  Principal  Bright  Stars  of  greater  declination  than  23° 
north  or  23°  south ;  also  those  of  the  Moon  and  Planets  when  similarly  situated, 
by  A.  C.  Johnson,  R.N.     ( Published  by  request) 8    0 

Pole-Star  Latitude :  a  Method  of  Finding  the  Latitude  from  an  Altitude  of  the  Pole 

Star,  by  Damton  Button  (Master  Mariner),  B.A.,  M.Inst.C.E 1    0 

Position-Line  Star  Tables.  A  new  and  simple  method  of  fixing  ship'd  position 
by  observations*  of  stars  near  Meridian  and  Prime  Vertical  without  logarithmic 
calculation,  by  H.  B.  Good  win,  R.N. 5    0 

Tables  for  Facilitating  the  Determination  of  the  Latitude  and  Time 

at  Sea  by  Observations  of  the  Stars,  by  Rear-Admiral  C.  Shadweil,  F.R.8.    2   6 

A  Handbook  for  Star  Double  Altitudes,  by  A.  C.  Johnson,  RN,  with  directions 

for  selecting  the  Stars  2    6 

See  also  Sextants. 

STABILITY. 
A  New  Theory  Of  the  Stability  Of  Ships,  second  edition,  revised  and  enlarged, 


pS,  seoo 

o     ... 


(with  28  diagrams),  by  Alf.  J.  Cooper  (1899)        2    0 

SUBVEYINGr. 
Practical   Nautical  Surveying  and  the  Handicraft  of   Navigation,  by 

Com.  T.  A.  Hull,  R.N.  3    0 

Practical  Observations  on  Surveying  (on  determining  the  Position  of  a  Vessel 

when  Sounding),  by  Commander  P.  F.  Shortland,  RJf, 1    0 

TIDES. 
Moxly's  Theory  Of  the  Tides, with  numerous  diagrams  by  Capt.  J.F.Ruthven,F.R0.8.    2    0 

Tide  Charts  of  the  English  and  Bristol  Channels  and  entrance  of 
the  Thames,  compiled  from  the  Admiralty  Tide  Tables,  by  Algernon  Heber  Percy, 
late  Lieut.  Boyal  Navy  5    0 

The  Direction  and  Rate  of  the  Tidal  Streams  at  every  Hour,  for  48 
Localities  between  the  Nore  and  Scilly  Isles,  compiled  from  Admiralty 

Sources  only,  by  F.  Howard  Collins 2    0 

Twelve  Charts  of  the  Tidal  Streams  of  the  Channel  Islands  and 

Neighbouring  French  Coasts,  by  F.Howard  Collins 4   o 


to 
List  of  Nautical  Works  published  by  J.  D.  POTTER. 

TIDES — continued.  a.  d. 

The  General  Direction  of  the  Tidal  Streams  in  the  North  Sea  for 
every   Hour  "  before"  and  4i  after,"  and  at  High  Water,  Dover, 

compiled  by  Com.  0.  K.   Qandy,  R.NJI.,  from  Official  Publications  (on  one  sheet, 

sise  23  by  17  inches) 1    0 

The  Universal  Tidal  Ready  Reckoner,  calculated  by  Copt.  w.  s.  Hutchinson,    l    6 

The   North  Sea.     Its  Physical  Characteristics,  Tides,  Currents  and  Fisheries,  by 

W.  H.  Wheeler,  M.Inst.CE.  2    6 

The  Currents  on  the  South -Eastern  Coasts  of  Newfoundland  and 
the  Amount  of  Indraught  into  the  Largest  Bays  on  the  South 
Coast,  from  Investigations  of  the  Tidal  and  Current  Survey  in  the  Season  of  1903, 
by  W.  Bell  Diwson,M.A,  D.Sc,  F.R.8.C.,  M  Inst  C.E.,  Superintendent.  Published 
by  order  of  the  Minister  of  Marine  and  Fishe ries,  Ottawa        No  charge. 

The  Currents  in  the  Gulf  of  St.  Lawrence,  including  the  Anticosti 
Region,  Belle  Isle,  and  Cabot  Straits,  condensed  from  the  Reports  of 
the  Survey  of  Tide*  and  Currents  for  the  Seasons  of  1894,  1895,  and  1896. 
Published  by  order  of  the  Minister  of  Ma.  ine  and  Fisheries,  Ottawa No  charge. 

The  Currents  at  the  entrance  of  the  Eay  of  Fundy  and  on  1he  Steam- 
ship Routes  in  or  approaching  Southern  Nova  Scotia,  from  investi- 
gations «  f  the  Tidal  and  Current  8urvt»y  in  the  Seapon  of  1904,  by  W.  Bell  Dawson* 
M.A.,  D.Sc,  FR.8.C ,  M.Inst.CE.,  Superintendent.  Published  by  the  Department  of 
Marine  and  Fisheries,  Ottawa,  Canada        No  charge. 

The  Currents  in  Belle  Isle  Strait,  from  Investigations  of  the  Tidal  and  Current 
Survey  in  the  Seasons  of  1894  and  1906.  By  W.  Bell  Dawson,  M.A.,  D.8c,  F.RJ3.C, 
M.Inst.CE.,  Superintendent.  Published  by  the  Department  of  Marine  and  Fisheries, 
Ottawa,  Canada  No  charge. 

Tables  of  Hourly  Direction  and  Velocity  of  the  Currents  and  Time 
of  Slack  Water  in  the  Bay  of  Fundy  and  its  Approaches  as  far 
as  Cape  Sable.  From  Investigations  of  the  Tidal  and  Current  Survey  in  the 
seasons  of  lfc04  and  1907.  By  W.  Bell  Dawson,  M.A.,  D.Sc,  MJnst.C.E.,  Superin- 
tendent.   Published  by  the  Department  of  Marine  and  Fisheries,  Ottawa,  Canada   No  charge. 

See  also  Time. 

TIME. 

How  to  Find  the  Time  at  Sea  In  less  than  a  Minute,  being  a  New  and 

Accurate  Method,  with  specially  adapted  Tables,  by  A.  C.  Johnson,  RN,        2    6 

Time,  Tide,  and  Distances.  A  handy  book  of  reference  for  the  Shipowner, 
Underwriter,  or  Traveller.  Contains  the  World's  Time  com  pared  with  Greenwich ; 
the  Tides  round  the  British  Coasts  and  those  from  Bergen  via  the  Eastern  Route 
to  Japan  with  that  at  London  Bridge;  approximate  Distances  from  Home  Ports  to 
Home  and  Foreign  Ports  (over  13,000  references) ;  and  a  Speed  and  Distance 
Table  for  Bates  of  Speed  from  8  to  21  knots  for  distances  up  to  14,000  nautical 
miles,  by  J.  McKirdy,  R.N.R. 15   0 

Time-Altitudes  for  Expediting  the  Calculation  of  Apparent-Time, 

&.C.,  by  A.  C.  Johnson,  RJ{. ...    4    0 

The  Blue  Coat  Boys'  Clock.    A  dial  showing  the  simultaneous  time  of  day  at  all 

parts  of  the  earth's  surface,  size  20  x  17  inches 5   0 

See  also  Asimuths,  Chronometers,  Tides. 

WINDS. 

The  True  Direction  and  Velocity  of  Wind,  observed  from  Ships  while  Sailing, 
by  James  N.  Miller  (Member  of  the  Liverpool  Polytechnic  Society),  with  Table  for 
Indicating  the  True  Direction  of  the  Winds  at  Sea  (1870)        0  6 

The  Wind  in  its  Circuits:  with  the  explanation  of  the  Origin  and  Cause  of 
Circular  Storms  and  Equinoctial  Gales  j  illustrated  with  numerous  Diagrams  and  a 
Chart  of  the  Prevailing  Winds  of  the  World  for  Spring  and  Summer,  by  Lieut  B.  H. 
Armit,  &N.  (1870)      7   6 

See  also  Meteorology. 
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HOWABD    COLLINS'S    SINGLE-HANDED    DIVIDEB8. 
Specially  Designed  for  Navigators. 


The  advantages  of  these  Single-handed  Dividers  are  that  they  can  be  picked  up  from  the  table 
by  one  hand  alone,  and  the  legs  opened  or  closed  by  the  finger  and  thumb  of  the  same  hand, 
without  any  other  assistance  whatever. 

Navigators  are  thus  enabled  to  work,  and  retain  in  position,  the  parallel  ruler  with  one  hand, 
while  distances  are  being  measured  with  the  other.  It  is  needless  to  say  that  this  enables  muoh 
time  to  be  saved  in  laying  off  courses  and  distances,  a  matter  for  consideration  in  these  days  of 
steamers  travelling  a  mile  in  less  than  two-and-a-half  minutes. 

The  joint  itself  is  of  an  entirely  new  form,  being  made  a  round  ball.  This  is  found  to  be 
ft  great  advantage,  and  the  best  form  for  rolling  between  the  thumb  and  fore-finger  when 
"stepping"  distances;  as  for  instance,  in  measuring  fifty  miles  by  the  legs  being  set  to  ten 
miles  of  the  chart  scale. 

These  Dividers  are  of  the  best  make  in  German-silver,  price  7s.  6d.  per  pair  in 
cardboard  box,  and  with  special  cleat  and  screws  for  fixing  to  the  chart-room  bulk-head  to 
hold  them  when  not  in  use. 


"  None  seem  to  be  quite  on  a  level  of  excellence  with  these." — Merchant  Service  Review. 
"  The  price  is  certainly  a  reasonable  one." — The  Shipping  World, 


BBASS   DIVIDERS 


6-inch,  2/6;  8-inch 


Boxwood 

Ebony 


FIELD'S   PARALLEL   RULERS. 

24-inoh,  18/ ;  21-inoh,  16/ ;  18-inoh,  11/ ;  15-inch    8    0 

24-inch,  21/  ;  21-inch,  18/;  18-incb,  14/;  15-inoh  11    0 


INCORRECT    CHARTS. 
SPECIAL  BOARD  OF  TRADE  OFFICIAL  NOTICES  TO  SHIPOWNERS. 


NOTICE   TO   SHIPOWNERS   AND   AGENTS. 

The  attention  of  the  Board  of  Trade  has  frequently  been  called  to  cases  in  which  British 
▼essels  have  been  endangered  or  wrecked  through  Masters  attempting  to  navigate  them  by  means 
of  antiquated  or  otherwise  defective  Charts. 

The  Board  of  Trade  desire,  therefore,  to  direot  the  especial  attention  of  Shipowners  and  their 
Servants  and  Agents  to  the  necessity  of  seeing  that  the  Charts  taken  or  sent  on  board  their  Ships 
are  corrected  down  to  the  time  of  sailing.  Neglect  to  supply  a  Ship  with  proper  Charts  will  be 
brought  prominently  before  the  Court  of  Inquiry  in  the  event  of  a  wreck  occurring  from  that  cause. 

The  Official  Catalogue  of  Charts,  plans  and  sailing  directions,  published  by  the  Admiralty 
(issued  annually  in  March) ,  can  be  obtained  free  of  charge  on  application  to  the  Chart  Agency, 
146,  Minories,  London,  E.C.,  or  from  anv  of  the  sub-agencies  at  the  Home  or  Foreign  Ports. 
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Statement,  showing  the  number  of  Netv  British  Admiralty  Chnrl 
Pvblished,  Corrections  made  to  the  Chart  Plates,  and  Quantitie 
Printed,  for  the' years  1885,  1890,  1895,  1900,  and  1905. 


1 

1885 

1890 

1895 

1900 

1905 
110 

!  New  Chart  Plates  Engraved 
1       and  Published     

• 
54 

76 

114 

102 

Chart  Plates  Improved  by 
idditional  Plans 

32 

10 

34 

30 

36 

Chart  Plates  Improved  by 
Corrections  and  Additions 

186 

130 

163 

224 

196 

Corrections    Made    to    the 
Chart  Plates        

| 

2,750 

4,750 

5,300 

4,520 

5,320 

|  Minor    Corrections    at   the 
'       hands  of  the  Draughtsmen 

29,800 

37,270 

80,0f6 

35.5C9 

60,499 

Total    Number    of    Charts 
Printed     

272,116 

297,120 

312,638 

580,207 

689,930 

//.. 


THIS  BOOK  IS  DUE  ON  THE  LAST  DATE 
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